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CHAPTER

1

PERIODIC CLASSIFICATION OF
ELEMENTS AND PERIODICITY

In this chapter you will learn

To describe the periodic table in terms of groups and periods.
To describe and explain periodicity in physical and chemical properties.

[ S

To describe the position of hydrogen in the periodic table.

1.1 INTRODUCTION

To achieve a thorough understanding of a complex subject like chemistry, it would be
highly desirable to fit all the facts into a simple logical pattern. The periodic table of elements has
served the purpose to systematize the properties of the elements for well over 100 years. The
development of periodic table is one of the most significant achievements in the history of
chemical sciences. The Periodic Table provides a basic framework to study the periodic
behaviour of physical and chemical properties of elements as well as their compourids.

In previous classes, you have learnt about the periodic classification of elements. This
chapter describes in more detail the periodic table and the periodicity of elements.

1.1.1 Historical Background

The early history of ideas leading up to the Periodic classification of elements is
fascinating but will not be treated in detail. Those who made memorable contributions in this
field are Al-Razi, Dobereiner, Newlands and Mendeleev. Al-Razi's classifications was based on
the physical and chemical properties of substances. Dobereiner, a German chemist in 1829,
arranged then known elements in group called Triads, as each contained three elements with
similar properties. Newlands who was an English chemist, in 1864, classified 62 elements,
known at that time, in increasing order of their atomic masses. He noticed that every eighth
element had some properties in common with the first one. The principle on which this
classification is based was called the Law of Octaves.

In 1871, a Russian Chemist, Dmitri Mendeleev, gave a more useful and comprehensive
—==scheme for the classification of elements. He presented the first regular periodic table in which -

e



- — g

R L LN . Buniadliade
) by

clements of similar chemical properties were arranged in eight vertical columns called Groups.
The horizontal rows of the table were called Periods. Mendeleev also started by arranging the
elements in ascending order of their atomic masses and found that clements having similar
chemical properties appeared at regular intervals. This significant observation Was called
Periodic Law. Mendeleev left some gaps in his table for elements, which had not yet been
discovered, and by considering their positions in the periodic table, he predicted properties of
these elements. For example, germanium was not known at that time, but Mendeleev was
confident that this element must exist so he predicted its properties. A few years later, germanium
was indeed discoveredand a remarkable agreement was found with Mendeleev's predictions.
1.1.2 Improvementsin Mendeleev's Periodic Table

 In order to make the periodic table more useful and accurale. a few improvements were
made in Mendeleev’s periodic table. After the discovery of atomic number by Moseley in 19111t
was noticed that elements could be classified more satisfactorily by using their atomic numbers,
rather than their atomic MASSEs. Hence, the periodic table was improved by arranging the
elements in ascending order of their atomic numbers instead of their atomic masses. This
improvement rectified a numbér of confusions present in the old periodic table. The modemn
Periodic Law states that: “if the elemefits are arranged in ascending order of their atomic
qumbers. their chemical properties repeaf ina periodic manner’ .

Another improvement was the addition of an extra group (group V1I1A) at the extreme
right of the periodic table. This group contains poble gases, which had not been discovered in
Mendeleev's time.

Another confusion in Mendeleev's table was that elements like Be, Mg, Ca. Sr, Ba and
Zn, Cd, Hg were placed in a single vertical group. @hile according to their properties they
belonged to two different categories. The same was truc for so'many other elements placed in the
same vertical group. In modern periodic table, the conflision was removed by dividing the
elements in two types of vertical groups, A and B. In modemn pefiodic iable. Be, Mg. Ca. Srand
Baare placed in group 1A and Zn, Cd, Hg in group 11B.

{2 THEMODERN PERIODIC TABLE

In modern periodic table (see periodic table) all the clements are arranged in ascending
order of their atomic numbers. Followings are the essential features of the periodictable:
ke Groups and Periods

Elements with similar properties are placed in vertical columns called Groups. There are
eight groups ,which are usually numbered by Roman aumerals 1 to V111 Each group is divided
into two subgroups, designated as A and B subgroup. The subgroups, containing the

tative or normal elements are labelled as A subgroup, whereas B subgroups contain less
typical elements, called transition elements and are arranged in the centre of the periodic table.
The horizontal rows of the periodic iable are called Periods. The essential features of periods are
as follows:
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1:,;!_ - id Periodic Classification of Elements and Periodicity

a) There are 7 periods in the periodic table numbered by Arabic numerals 1 to 7.

b) The period | contains only two elements, hydrogen and helium.

c) The periods 2 and 3 contain eight elements each and are called short periods. All the
elements in these periods are representative elements and belong to A subgroup. In these
periods, every eighth element resembles in properties with the first element. As lithium
and beryllium in the 2nd period resemble in most of their properties with sodium and
magnesium of the 3rd period, respectively. Similarly, boron and aluminium both show
oxidation state of +3, fluorine in 2nd period has close resemblances with chlorine of 3rd
period.

d) The periods 4 and 5 are called long periods. Each long period consists of eighteen
elements. Out of these, eight are representative elements belonging to A subgroup
similar to second and third periods. Whereas the other ten elements, placed in the centre
of the table belong to B subgroups and are known as transition elements. In these
periods, the repetition of properties among the elements occurs after 18 elements. As
after K (having atomic number 19) the next element with similar properties is ,,Rb.

€) The period 6 is also a long period, which contains thirty two elements. In this period
there are eight representative elements, ten transition elements and a new set of fourteen
elements called Lanthanides as they start after ,La. Lanthanides have remarkably
similar properties and are usually shown separately at the bottom of the periodic table.

f) The period 7 is incomplete so far. It contains only two normal elements . Frand ,Ra, ten
transition elements and fourteen inner transition elements. The inner transition elements
ofthis period are called Actinides, as they follow ,,Ac.The actinides are also shown at the
bottom of the periodic table under the Lanthanides. Due to their scarcity, the inner
transition elements are also called rare earth elements.

2L Some More Families in the Periodic Table:

While studying about periods you have noticed that certain rows of elements with
similar properties have assigned common names such as transition elements, Lanthanides,
Actinides or Rare Earth elements. Similarly, due to their peculiar characteristics, some typical
elements belonging to sub-group A, have also been assigned family names. For example,
elements of the group IA are called Alkali Metals, because of their property to form strong
2Nags) + 2H,0n —  2ZNaOH @aq) + H,@

- Similarly, due to their presence in Earth's crust and alkaline character, the elements of

% gl'ﬁt!p mk_IPWnHA!hhnn Eanh Metals Another important family in the pcnﬂdm table is

= ﬁn ﬁte__gnm of group VIIIA are least reactive they are uallcd “Noble Gases™.
es are useful foraquick recognition of an elementin the periodic table.
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3. Blocks in the Periodic Table

Elements in the periodic table can also be classified into four blocks. This classification
is based upon the valence orbital of the element involved in chemical bonding. According to this
classification, clements of IA and IIA subgroups are called s-block elements because their
valence electrons arc available in s orbital. The elements of 111A to VIIIA subgroups (except He)
are known as p-block elements as their valence electrons are present in p orbital. Similarly in
transition elements, electrons in d-orbital are responsible for their valency hence they are called
d-block elements. For Lanthanides and Actinides valence electrons are present in f- orbital hence
these elements are called f-block elements. This classification is quite useful in understanding the
chemistry of elements and predicting their properties especially the concept of valency or
oxidation state.

4. Metals, Non-metals and Metalloids

Another basis for classifying the elements in the periodic table is their metallic character.
Generally, the elements on the left hand side, in the centre and at the bottom of the periodic table
are metals, while the non-metals are in the upper right corner of the table. Some elements,
especially lower members of groups, IIT A, IVA and VA (as shown in Table 1.1) have pmpeﬁies of
both metals as well as non-metals. These elements are called semi-metals or metalloids. In the
periodic table elements of groups I'VA to VIIIA, at the top right hand corner above the stepped
line, are non-metals. The elements just under the “steps’ such as 5i, As, and Te are the metalloids.
All the remaining elements, except hydrogen, are metals.

1.3 PERIODICTRENDS INPHYSICALPROPERTIES

As you have studied so far that in modem periodic table the elements are arranged in
ascending order of their atomic numbers and their classification in groups and periods is based on
the similarity in their properties. Yet, due to the gradual increase in the number of protons in the
nucleus and electrons in outer shells the physical and chemical properties of the elements
steadily vary within a group or a period. Here, we study some trends in physical properties.

1. ATOMIC SIZE
a) Atomic Radius:

Atoms are so small that it is impossible to see an atom even with a powerful optical
microscope. The size of a single atom therefore cannot be directly measured. However,
techniques have been developed which can measure the distance between the centres of two
bonded atoms of any element. Halfof this distance is considered to i:ﬂ:.th!:-mdius of the atormn.

In the periodic table, the atomic radius increases from top to bottom within a group due to
increase in atomic number. This is because of the addition of an extra shell of electrons in each
period. In a period, however, as the atomic number increases from left to night, the atomic radius
decreases. This gradual decrease in the radius is due to increase in the positive charge in the
nucleus, As the positive nuclear charge increases, the negatively charged electrons in the shells
-are pulled closer to the nucleus. Thus, the size of the outermost shell becomes gradually smaller.
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This effect is quite remarkable in the elements of longer periods in which *d” and “f " subshells
are involved, For example, the gradual decrease in the size of Lanthanides is significant and
called Lanthanide Contraction.

b lunic Radius:

When a neutral atom loses one or more electrons, it becomes a positive ion. The size of

the atom is decreased in this process because of the two reasons. First the removal of one or more
electrons from a neutral atom usually results in

the loss of the outermost shell and second, the = =

removal of electrons causes an imbalance in 2 554

proton-electron ratio. Due to the greater E

attraction of the nuclear charge, the remaining 2 150

electrons of the ion are drawn closer to the E

nucleus. Thus, a positive ion is always smaller 5 100

than the neutral atom from which it is derived. “Z

Theradius of Nais 186 pmand the radius of Na* 2 =

15 102 pm. On the contrary, a negative ion is ey ! L |
always bigger than its parent atom. The reason S 1 2
15 that addition of one or more electrons in the o i

shell of a neutral atom enhances repulsion Fig. 1.1 Atomic and ionic radii of alkali metals
between the electrons causing expansion of the
shell. Thus, the radius of fluorine atom is 72 pm 2501

and that of the fluoride ion (F) is 133 pm. B
In a'group of the periodic table, similar.” i35 00|
charged ions increase in size from top to E 150k
holimn. Whereas within a period, isoelectronic &
positive jons show a decrease in ionic radius  E joo}-
from left to right, because of the increasing .2 E
nuclear charge. The same trend is observed for S s0f
theisoelectronic negative ions of a period; ionic % ; ! 3 ,
size decrease from left to right. The variations greTrey 35" 53
"ﬁ‘ntmic and ionic radii of alkali metals and Atomic number
areshowninFig 1.1 andF:g.l 2. Fig. 1.2 Atomic and ionic radii of halogens

¥ 'ﬁmi:ﬂlmn Energy
‘ miﬂ&hunmurgy of an element is the minimum quantity Gfenmgy which is mquired

Na i ~ e LE=496kJmol”
reate - number of electrons have more than one values of ionization
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energy.So for magnesium, the first ionization energy value is the energy required to remove the

first electron:
Mg — Mgw + ¢
second electron from a positively charged ion,
Mg — Mglm+ ¢
Variation Within a Group:

a)

I.LE,=738 kJ mol’
Similarly, the sccond ionization energy value 1s the energy required to remove the

I.E,=1145kJ mol"

The factors upon which the ionization energy of an atom mainly depends are magnitude
of nuclear charge, size of the atom, and the “shielding effect”, The shielding effect is actually the

repulsion due to electrons in between the nucleus
and the outermaost shell. This effect increases, as the
size of the atom increases due to addition of an extra
shell successively in cach period hence more
number of electrons shields the nucleus. Going
down ina g,'ruup~ the nuclear charge increases but as
the size of the atom and the number of electrons
causing the shielding effect also increases therefore
ionization energy decreases from top to bottom. That
is why in alkali metals, for example, it is easier to
remove an electron from caesium atom than from
lithium atom. The change in ionization energies of
IA elements isshownin Fig. 1.3.

b) Variation Across a Period:

Generally, smaller the atom with greater
nuclear charge, more strongly the electrons are
bound to the nucleus and hence higher the
ionization energy of the atom. By moving from left
to right in a period, the outer shell remains the
same, while the nuclear charge increases
effectively that makes the removal of an electron
difficult and hence the value of ionization energy
increases. Although, the number of electrons also
increases in this case but the shielding is not very
effective within the same shell. The trend of
ionization energies of short periods is shown in
Fig.1.4. The figure also reveals that inert gases have
the highest values of ionization energy because due
to complete outermost shell in them, the removal of
electron is extrcniel:f difficult.

lonization energies (kJmol™)

600

So% izl 8

=3

Li
Na

L 'l L

K B 19 a7
Atomic number

35

Fig. 1.3 lonization energies of alkali metals

S

:

—

Ionization energies (kJmol™)

g

g

L=

- He

Al

w M
00y St L0l
Atomic number

Fig. 1.4 lonization energies of
elements of short periods

L
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W Periodic Classification of Elements and Periodicity
3. Electron Aflinity (E.A.)

The electron affinity is the energy released or absorbed, when an electron is added to a
gaseous atom to form a negative ion.

Fm+ ¢ — Fuw E.A=-328kJ mol™

Energy is usually released when electronegative elements absorb the first electron and
E.A. in such cases is expressed in negative figures, as in the case of halogens. When a second
electron is added to a uninegative ion, the incoming electron is repelled by the already present
negative charge and energy is absorbed in this process.
2 e — O E.A=-141kJmol™
Ow + E—= 0 E.A,= +744 kI mol”
The absorbed energy is expressed as the electron affinity in positive figures. Electron
affinity depends upon size of the atom, nuclear charge and vacancies in the outermost shell.
Relatively smaller atoms with one or two vacancies in the outermost shell show large values of
electron affinity. Electron affinity generally increases with increasing atomic number within a
period and decreases from lighter to heavier elements in a given group of the periodic table.
Knowledge of electron affinities can be combined with the knowledge of ionization energies to

predict which atoms can easily lose electrons and which can accept electrons more readily.
4. Metallic and Non-Metallic Character

It has already been discussed in this chapter that elements of periodic table can be
divided into metals, non-metals and metalloids. Chemically all the elements which have a
tendency to form positive ions by losing electrons are considered metals. All metals are good
conductor of heat and electricity. A characteristic property of metals is that they form basic
oxides which give bases when dissolved in water.

Na, O ) 6 H,O ) — 2 NaOH (aq)

As it becomes easier to remove the electron of an atom bigger in size, therefore metallic
character increases from top to bottom in a given group of elements. On the contrary, it decreases
from left to right across a period. The elements of group VIIA (the halogens) are least metallic in

The elements which gain electrons and form negative ions are called non-metals. All the
gases are non-mefals. The non-metals are normally poor conductor of heat and electricity. Non-
metals form acidic oxides which yield acids on dissolving in water.

- SO, @+ H.Ow po H,SO, (ag) .

- Non-metallic character of an element, decreases as the atomic size increases. Therefore
mtmuup ﬂf non-metals !Jkehalngms the nm—metalhc character dﬂcrum ﬁ'ﬂm top to hnttum
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5. Melting and Boiling Points

Melting and boiling points of elements tell us something about how strong the atoms or
molecules in them are bound together.
(a) Yariation in a Period

Across the short periods, the melting
and boiling points of elements increase with the
number of valence electrons upto group I'VA and
then decrease upto the noble gases. The melting
points of group IA elements are low because .
each atom in them provides only one electron to
form a bond with other atom. Melting points of : /
group I1A elements are considerably higher than ULz 10 15 20
those of group 1A elements because each atom in Period2 . Period3
them provides two binding electrons. Ao g

Melting Points (*C)

. B 88 E

Fig. 1.5 Variation of melting points with atomic number

Since carbon has the maximum number of binding electrons, thus it has a very high
melting point in diamond in which each carbon is bound to four other carbon atoms. In general,
the elements which exist as giant covalent structures have very high melting points, Fig. 1.5.

Animportant change occurs when we move from group ['VA to groups VA, VIA, VIIAas
the lighter elements of these groups exist as small, covalent molecules, rather than as three
dimensional lattices. For instance, nitrogen, oxygen and fluorine exist as individual molecules
which have very weak intermolecular forces between them. Consequently, their melting and
boiling points are extremely low.

(b) Variation in a Group

The melting and boiling points of IA and Be
1A group elements decrease from top to bottom A
due to the increase in their atomic sizes. The
binding forces present between large sized atoms
are relatively weaker as compared to those
between smaller atoms, Fig. 1.6.

S

=

\

\ ;—“-._EE_ Ba Ra
W, — =8
Ly

L Mg

S

For elements of group VIIA, which exist
in the form of molecules, the melting and boiling
points increase down the group, Fig. 1.7. This is L

. because large molecules exert stronger force of 0 20 4“ ﬁﬂ 3“' lﬂ,‘!

. attraction due to their higher polarizabilities. T Mummrn;mhu- a
6. Oxidation State g tpolnuu roup m

% The oxidation state of an atom in a compound is defined as the appm:mtc]mge (mththﬂ.

=
T

Melting Points (°C) _
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sign), which it would carry in the compound. In ionic
compounds, it is usually the number of electrons
gained or lost by the atom. As in the case of sodium
chloride, the oxidation states of sodium and chlorine
are + | and -1, respectively. In covalent compounds, it
is decided on the basis of the difference in their
relative electronegativities. For example, SnCl, 1s a
covalent compound. The oxidation state of tin is + 4
and that of chlorine is -1. The oxidation state of an
clement is zerain its free state.

Atomic number

The oxidation state of a typical element is
directly or indirectly felated to the group number to gt :::,I:::g[{ }; :}l ::f:::f,
which the element belorigs in the periodic table. The
elements of group IA to [VA‘have the same oxidation states as their group numbers are. Just as B,
Al and Ga belong to group ITTA, hence, they always show oxidation state of +3. So, for the
elements of these groups, the oxidation state is same as the number of electrons present in the
valence shells of the elements. Howevet, for the elements of group VA, the oxidation states are
cither the number of electrons present in thevalence shell (which is same as their group number)
or the number of vacancies available in thése shells. For example, N, P, As and Sb frequently
show +3 as well as +5 oxidation states. Elements of group VIA show almost similar behaviour. In
H,S0,, sulphur shows the oxidation state of +6, which is the number of electrons in its outermost
shell whereas its oxidation state is -2 in H,S, which is the number of vacancies in the shell. In
group VIIA elements oxidation state is mostly -1, which isdgain the number of vacancies in their
outermost shells. Group VITIA elements, which are also called zero group elements, usually
show zero oxidation state because there is no vacancy in their outermost shells.

L 1

0 20 40 60

Boiling and Melting Points (°C)
|
=

Transition elements, which are shown in B subgroups of the periodic table, also show the
oxidation states equal to their group number as it can be seen for Cu(1), Zn(Il), V(V), Cr(VI) and
Mn (V11). But due to greater number of valence electrons available in partly filled d-orbitals these
elements usually, show more than one oxidation states in their compounds.

7. Electrical Conductance

One of the most familiar properties of metals is their ability to conduet eleétricity. This
property is mainly due to the presence of relatively loose electrons in the outermost shell of the
element and ease of their movement in the solid lattice. The electrical conductance of metals in
groups IAand ITA, generally increases from top to bottom. However, the trend is not free from the
individual variation in different atoms. Metals of group IB. which are known as coinage metals,
have extraordinary high values of electrical conductance. Non-metals, on the other hand,
especially of groups VIA and VIIA, show such low electrical conductance that they can be
considered as bad conductors or insulators.
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In the series of transition metals, the values of electrical conductance vary so abruptly
that no general trend can be assigned to them. Carbon, in the form of diamond is non-conductor
because all of'its valence electrons are tetrahedrally bound and unable to move freely, while in the
form of graphite, carbon is fairly good conductor because one of its four valence electrons is
relatively free to move. The lower elements of group VA, tin and lead, are fairly good conductors
and their values of electrical conductivity are comparable with those of their counterparts in
group 1A.

8. Hydration Energy
The hydration energy is the heat absorbed or evolved when one Elm:{::llﬂ
mole of gaseous ions dissolve in water to give an infinitely dilute solution.
For example, when one mole of gaseous hydrogen ions are dissolved in fon uﬂ::r‘
water resulting an infinitely dilute solution, a large amount of heat is
liberated: Li =510
H@+HOm — ~HOGa AH, =—1075kImol NEid || 210
Hydration energies of a few negative and positive ions are shawn :[ o :?;:3
inthe Table 1.2. Ca® 1591
Itis evident from the table that hydration energies highly depend |, 4613
upon charge to size ratio of the ions. For a given set of ions, for example of F 431
group [A, charge to size ratio decreases from top to bottom in a group, the or 313
hydration energy also decreases in the same fashion. On the contrary, the Br _284
hydration energy increases significantly on moving from left to right in a r 247
period as the charge to size ratio increases, as found in the metal 1ons of

third period.
1.4 PERIODIC RELATIONSHIPIN COMPOUNDS
a) Halides: ;

Halides are the binary compounds which halogens form with other elements. The
physical properties of halides are largely determined by the nature of bonding pfmnt in them.
On this basis, halides can be classified into two general classes: ionic and covalent. In between
the two, there is another class of halides in which the halogen atom acts as a bridge between the
two atoms of the other element, such halides are termed as “Polymeric” halides. Strongly
electropositive elements, having greater electronegativity difference with halogen atom, form
ionic halides. The halides of group IA are considered purely ionic compounds, which are high
melting point solids. Such halides have three-dimensional lattices consisting of discrete ions.
Among the pure ionic compounds, the fluorides haye the highest lattice energies due to the small
size of fluoride ion. Thus for ionic halides, the fluorides have the highest melting and boiling
points which decrease in the order: fluoride >chloride > bromide > iodide.
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Less electropositive elements, such as Table 1.3 Melting Points of Chlorides of Period
Be, Ga and Al form polymeric halides having Three Elements and Their Bonding Character

partly ionic bonding with layer or chain [ Name of Property

* lattices. The lattice of SiCl, consists of discrete compounds Melting point | Type of bonding
molecules, which are highly polar. The bonds (*C)
in PCl,, and S,Cl, are less polar than those of | NaCl 808 lonic
SiCl, On moving across the periodic table from | MgCl, 715 Partly ionic
left to right, the electronegativity difference AlICI, 192 Partly ionic
decreases and the trend shifts towards covalent SiCl, -68 Partly covalent
halides. The gradual change in bond type and PCl, -93 Partly covalent
melting points of the chlorides on moving S.Cl, -80 Partly covalent
across period 3 of the periodic table is shown in :
Table. 1.3.

As the intermolecular forces in covalent halide molecules are weak van der Waal's forces
s0 they are often gases, liquids or low melting point solids. Physical properties of covalent
halides are influenced by the size and polarizability of the halogen atom. Todides, as being the
largest and more polarizable ions, possess the strongest van der Waal's forces and therefore have
higher melting and boiling points than those of other covalent halides.

The variation in bonding character is also present in descending from top to bottom in the
halogen group. In general, for a metal the order of decreasing ionic character of the halides is:
fluoride > chloride > bromide > iodide. For example, AlF, is purely ionic compound having
melting point 1290°C and fairly a good conductor, whereas, All, is predominantly covalent with
melting point 198°C and electrically a non-conductor. In case of an element forming more than
one halides, the metal halide in its lower oxidation state tends to be ionic, while that in the higher
oxidation state is covalent. For example, PbCl, is mainly ionic and PbCl, is fairly covalent. This
can again be explained by the high polarizing power of Pb** as compared to that of Pb™.

b) Hydrides

The binary compounds of hydrogen with other elements are called hydrides. According
to the nature of bonding, hydrides may be broadly classified into three classes: ionic, covalent
and intermediate, The elements of group 1A and the heavier members of group IIA form ionic
hydrides, which contain H (Hydride) ion. These hydrides are crystalline solid compounds, with
high melting and boiling points and which conduct electricity in molten state. The tendency
towards covalent character increases on moving from left to right in the Periodic Table. Hydrides
ofberyllium and magnesium represent the class of intermediate hydrides. Their properties are in
Mﬁﬂlﬂﬁ ionic and covalent hydrides. They have polymeric structures and covalent nature,

e gl,__se,

- .
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Table 1.4. Hydrides of the Elements of A to VIIA and 1IB Subgroups.

IA A 1B A IVA VA VIA VIIA
LiH BeH, BH, CH, NH, H,0 HF
NaH MgH, AlH, SiH, PH, H,S HCI
KH CaH, ZnH, GaH, GeH, AsH, H,Se HBr
RbH StH, CdH, InH, SnH, SbH, H,Te HI
CsH BaH, PbH, BiH,

IONIC INTERMEDIATE COVALENT

The covalent hydrides are usually gases or volatile liquids. They are non-conductors and
dissolve in organic solvents. Their bond energies depend on the size and the electronegativity of
the element. Stability of covalent hydrides increases from left to right in a period and decreases
from top to bottom in a group. Fluorine forms the most stable hydride and the least stable are
those of thallium, lead and bismuth. These hydrides are formed by elements with
electronegativity values greater than 1.8 (Pauling Scale). Since the electronegativity ofhydrogen
is 2.1, most of these hydrides have polar .

: g : Table. 1.5. Melting and Boiling points of Hydrides
covalent bonds in which hydrogen is of Groups IV A and VI A

carrying a slight positive charge. On

moving from left to right across a period Hydgides EXepEctics

the electroncgativity of the other (o e i oy
element increases and the hydrogen- C_H' -184 -164
element bond becomes more polar. Due | ° ?:::]}'{ ::2: ']_;;

to high polarity the hydrides like HO | ¢ nH: 150 5

and HF are capable o_f forming hydrogen (Group VIA)

bonds between their molecules. The 0 0.00% 100
boiling points of covalent hydrides H=S _3'5_5 _ €03
generally increase on descending a H:Se —65.7 - 42

group as shown in Table 1.5, except the H,Te — 49 -2

hydrides like H,0, HF and NH, which,
due to hydrogen bonding, have higher boiling points than might be expected.
c) Oxides ;

Oxygen forms compounds, called oxides, with almost every other element in the
periodic table. Since, many of these have quite unusual properties, there is an extensive and
varied chemistry of the compounds of oxygen. Oxides can be classified in more than one ways:
based upon the type of bonding they have as well as their acidic or basic character. We shall
discuss here the classification based on their acidic or basic behaviour. In this chapter, you have

already studied that metal oxides are basic in character as they yield bases in water and

—
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non-metallic oxides are acidic because they form acids in water. Basic oxides and acidic oxides
react with one another to give salts, for example:
NaOw + SO;m —— NaSO,.
There is a third type of oxides, which show both acidic and basic properties, these oxides

are called amphoteric oxides. The classification of elements which form oxides of acidic or basic
and amphoteric properties is shown in Table 1.6.

_ Table 1.6: Classification of Oxides Based on their Acid and Base Character
1A A 1B 1A IVA VA VIA VIIA
Li Be B C N (0] F
Na Mg Al Si P S Cl
K Ca Zn Ga Ge As Se Br
Rb Sr Cd In Sn Sb Te |
Cs Ba Hg Ti Pb Bi Po Al

- BASIC ; AMPHOTERIC ACIDIC

The oxides of alkali and alkaline earth metals except beryllium are basic and contain O"
ions. The O ion has high affinity for proton and cannot exist alone in an aqueous solution.
Theretore, it immediately takes proton from water and forms OH ion. Oxides of nonmetallic
clements i.e. of C, N, P and S are acidic in nature. They generally dissolve in water to produce
acidic solutions. Oxides of relatively less electropositive elements, such as BeO, Al,0,, Bi,0,and
Zn0 are amphotenic and behave as acids towards strong bases and as bases towards strong acids.

Zn0 ) + H,80,(aqp —— ZnS50, s+ H,0 (1)
Zn0 (s)+2NaOH (aq) +H,O(y —— Na, [Zn(OH),] tag)

In a given period, the oxides change from strongly basic through weakly basic,
amphoteric and weakly acidic to strongly acidic, e.g. Na,0, MgO, Al,0,, P,0,,, SO,, C,0,.The
basic character of main group metal oxides increases on descending a group of the periodic table,
(e.g. BeO < MgO < Ca0 < Sr0O < Ba0), though the reverse trend is observed in the transition
metal oxides. The oxidation state of the metal also affects the acidic/basic character of its oxide.
The acidic character increases with increasing oxidation state (e.g. the acidity af MnO<Mn,0,<
MnO, < Mn,0,).

!-5 THE POSITION OFHYDROGEN

Although, itis not a metal but in most of the modern versions of periodic table, hydrogen
:u«plwqd at the top of the group IA. This is because of the fact that some of the properties of
resemble with those of alkali metals. Like alkali metals hydrogen atom has one
m:n hmbshcll which it can lose to form H'. Both hydrogen and alkali metals have a
s ndency to combine with electronegative elements such as halogens. Similar to alkali
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metals hydrogen also forms ionic compounds, which dissociate in water. However, hydrogen is
also markedly different from alkali metals. For example, hydrogen is a non-metal in true sense, It
does not lose electron as easily as most of the alkali metals do, Unlike alkali metals molecular
hydrogen exists in nature.

Hydrogen resembles halogens in certain respects and can be placed at the top of VIIA
group in the periodic table. Hydrogen is a gas like most of the halogens and is stable in diatomic
form such as F,, Cl, and Br,. As required by halogens, hydrogen also needs one electron to
complete its outermost shell. By accepting one electron hydrogen forms H™ (Hydride ion) similar
to F', CI" and Br'. Both hydrogen and halogens form stable ionic compounds with alkali metals.
However, hydrogen differs from halogens as well. By losing its only electron, hydrogen forms H'
but halogens do not form positive ions. Combining with oxygen, hydrogen forms very stable
oxides while halogens lack this property.

Some of the characteristic properties of hydrogen also resemble with those of group IVA
clements such as C and Si, etc. For example, valence shell of hydrogen is half filled like those of
group IVA elements. Both, hydrogen and group IV elements combine with other elements
through covalent bonding. Like carbon, hydrogen also possesses remarkable reducing
properties.

CuO@) + Hywm — Cus) + H, O
Sn0,s) + Cis) — Snsy + CO, g

Hydrogen also shows marked differences with carbon and rest of the group members.
For example, carbon and silicon form long chain compounds, when their atoms combine with
each other, while hydrogen does not form such compounds. Similarly, carbon can
simultaneously form bonds with more than one elements, whereas hydrogen due to having only
one electron can combine with only one element at a time.

Some of the properties of hydrogen are similar to those of the elements of certain groups,
as discussed above, but it is a fact that hydrogen is a unique element whose properties do not
maltch exactly with any of the groups in the periodic table. However, due to partial resemblance in

properties with alkali metals and monovalent nature, hydrogen is usually placed at the top of
elements in group [A.

KEY POINTS

14 Although anumber of chemists attempted to classify the elements but Dmitri Mendeleev
gave the mostuseful and comprehensive classification.

2. In Mendeleev's periodic table the clements were arranged according to the ascending
order of their atomic masses.

3. The modern periodic law states “if the elements are arranged in ascending order of their
atomic numbers, their chemical properties repeat in a periodic manner.”

4, In modem periodic table elements with similar properties are placed in eight vertical
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columns called groups. Each group is divided into two subgroups A and B. Normal or
typical elements are placed in subgroup A and transition elements are placed in subgroup
B. ' :

The seven horizontal rows of the periodic table are called “periods™.

Metals of subgroups IA and IIA are called Alkali metals and Alkaline earth metals, -
respectively. Members of subgroup VIIA are called halogens.

Due to their less reactivity the elements shown in subgroup VIII A are called noble pases.
Elements of periodic table can also be classified into s-block, p-block, d-block and
f-block elements depending upon the valence orbital which is in the process of
completion.

Elements of periodic table can also be divided into metals, non-metals and metalloids
depending upon their properties.

Atomic radii increase from top to bottom in a group and decrease along a period.

Positive ions are always smaller than their parent atoms while the negative ions are
usually larger than the atoms from which they are formed.

Ionization energies increase along a period and decrease down the group.

Electron affinities generally increase with increasing atomic number within a period and
decrease from lighter to heavier elements in a given group.

Metallic character of elements increases down the group and decreases along a period.
The oxidation state of a typical element is directly or indirectly related to the group
number to which the element belongs in the periodic table.

The electrical conductance of an element depends upon the number of free or moveable
electrons.

There are three types of halides: ionic, polymeric and covalent. Halides of group [A are
ionic in nature, have three dimensional lattices with high melting and boiling points.
There are three types of hydrides formed by the elements of periodic table: ionic,
intermediate and covalent.

Highly polar hydrides show hydrogen bonding in them.

Oxides may be divided on the basis of their acidic, basic or amphoteric character.

. Metallic oxides are basic in character, non-metallic oxides are acidic in character and

oxides ofless electropositiye elements like Zn and Pb are amphoteric.

Hydrogen is unique element of the periodic table. Due to similarities in properties it can
be placed at the top of group 1A or IVA or VIIA.
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EXERCISE
Fill in the blanks.

Mendeleev in his periodic table, arranged thl.'; elements according to their
atomic

Vertical columns in modern periodic table are called and horizontal rows are

called

Members of group VIIA are called and alkali metals is the family name
of group members. :
Metals form oxides and non-metals form oxides,

Hydrogen can be placed above the groups of the periodic table.

Shielding effect is actually the due to electrons in between the
nucleus and the outermost shell.

MNoble gases have the values of ionization energy due to their complete
outermost shells.

When a second electron is added to a uninegative ion, the incoming electron is
by the already present negative charge.

Due to having partly filled d-orbitals metals usually show variable
valency.
Melting and boiling points of halogens down the group.

Indicate True or False.

In Mendeleev's periodic table elements Be, Mg, Zn and Cd are placed in the same group.
The second and third periods contain eighteen elements each.

Alkaline earth metals are present in Group ITA.

Metals are present in the top right comer of the periodic table.

Metalloids are present in the lower half of Groups IVA, VA and VIA
Hydrogen forms uninegative ion like halogens.

Oxidation state of an element is related to the number of period it belongs.
Diamondis a good conductor of electricity:

Melting points of halogens decrease down the group.

Zinc oxide is an example of amphoteric oxide.

Multiple choice questions. Encircle the correct answer.

_Keeping in view the size of atoms, which order is the correct one?

a) Mg>Sr b) Ba>Mg c) Lu>Ce . d) Cl>1
Mark the correct statement:

a) Na'is smaller than Naatom b) Na' is larger than Na atom :
c) CI' is smaller than Clatom d) CI (ion) and Cl (atom) are equal in size
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Mark the correct statement.

a) All lanthanides are present in the same group

b) All halogens are present in the same period.

<) All the alkali metals are present in the same group.

d) .  All the noble gases are present in the same period.

Which statement is incorrect?

a) All the metals are good conductor of electricity.

b) All the metals are good conductor of heat.

c) All the metals form positive 1ons.

d) All the metals form acidic oxides.

Which statement is correct?

a) Hydrogen resembles in properties with IA, TVA and VIIA elements.
b) Hydrogen resembles in properties with [I1A, VA and VA elements.
c) Hydrogen resembles in properties with I1A, IVA and VIA elements.

d) Hydrogen resembles in properties with ITA, TITA and VIIA elements.
Mark the correct statement:

a) The ionization éncrgy of calcium is lower than that of barium.

b) The ionization energy of calcium is lower than that of magnesium.

c) The ionization energy of calcium is higher than that of beryllium.

d) The ionization energy of calcium is lower than that of strontium.

Mark the correct statement:

a) Electron affinity is a measure of energy required to remove the electron.
b) Electron affinity is a measure of energy released by adding an electron.
c) Electron affinity is a measure of energy required to excite an electron.
d) Electron affinity is measure uf‘ energy released by removing an electron.
Mark the correct statement.

a) Metallic character increaseg down the group.

b) Metallic character increases from left to right along a peru::d

c) Metallic character remains the same from left to right along a period.
d) Metallic character remains the same down the group.

Mark the correct statement:

a) Melting points of halogen 1s decreased down the group.

'b) Melting points of halogens increase down the group.

c) Melting points of halogens remain the same throughout the group.
d) Melting points of halogens first increase and then decrease down the group.
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(x)

Q4.

Q6
Q7
Q8
QY.

Q10

Qll,
012,

Q14

Mark the correct statement:

a) Covalent character of metal halides increases from left to right in a period.

b) Boiling points of Group IVA hydrides decrease down the group.

c) Ionic character of hydrides increases from left to right in a period.

d)  The basicity of group IIA oxides decreases on descending the group.

What arc the improvements made in the Mendeleev's periodic table?

How the classification of elements in different blocks helps in understanding their
chemistry?

How dao you justify the position of hydrogen at the top of various groups?

Why thefonic radii of negative ions are larger than the size of their parcnt atoms?

Why ionization energy decreases down the group and increases along a period?

Why the sccond value of electron affinity of an element is usually shown with a positive
sien!

Why metallic charactér increases from top to bottom in a group of metals?

Explain the vanation in melting points along the short periods.

Why the oxidation state ofnoble gases is usually zero?

Why diamond is a non-conductor and graphite is fairly a good conductor?

Giive brielreason for the following.

a) d and f-block elements are called transition elements. E
b) Lanthanide contraction controls the atomic sizes of elements of 6th and 7th
periods.

c) The melting and boiling points of the elements increase from left to the right
upto the middle of s- and p-block elements and decrease onward.

d) The oxidation states vary in a period but remain almost constant in a group.

€) The hydration energies of the ions are in the following order:
Al">Mg">Na’ '

f) lonic character of halides decreases from left to the right ina period.

e) Alkali metals give ionic hydrides.

h) Although both sodium and phosphorus are present in the same period of the
periodic table yet their oxides are different in nature, Na,O is basic while P,0,is

. acidic in character.
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L IN THIS CHAPTER YOU WILL LEARN
1. To write the electronic configuration of s-block elements in sequence.
2 The occurrence of group IA and IIA elements and the peculiar behaviours of lithium and
beryllium.
3. The difference in the physical properties of group IA and IIA elements as well as the
differences in the chemical behaviour of their compounds.
4. The commercial preparation of sodium,
5. How sodium hydroxide is commercially prepared.
6. The role of gypsum and lime in agriculture and industry.

2.1 INTRODUCTION

The s-block elements are the metals in Group IA and Group IIA of the periodic table.
They are called the s-block elements because s-orbitals are being filled, in their outermost shells.

The elements of group LA except hydrogen are called “Alkali metals” while those of [IA
are named “Alkaline-earth metals™.

The name alkali came from Arabic, which means 'The Ashes'. The Arabs used this term
for these metals because they found that the ashes of plants were composed chiefly of sodium and
potassium. Alkali metals include the elements, lithium, sodium, potassium, rubidium, cesium
and francium. These are very reactive metals, produce strong alkaline solutions with water. The
alkaline-earth metals are beryllium, magnesium, calcium, strontium, barium and radium. They
are called alkaline-earth because they produce alkalies in water and are widely distributed in
earth's crust. :

The alkali and alkaline earth metals include the most reactive electropositive elements
and a study of their electronic configurations will help in understanding their properties.

2.1.1 Electronic Configurations of s-Block Elements.
Alkali Metal

Alkali metals have only one electron in 's' orbital of their valence shell. All alkali metals
lose their one electron of the valence shell to form monopositive ions M™ because their ionization
energy values are very low. They form ionic compounds and show +1 oxidation state.
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The electronic configurations and some physical constants of alkali metals are given in

Table2.1.

Table 2.1 Electronic Configurations and Physical Constants of Alkali Metals

Properties Li Na K Rb Cs
Atomic number 3 11 19 37 55
Electronic configurations 15'2s' [Ne]3s' | [Ar}ds' | [Kr]ss' | [Xe]6s'
lonization energy (kJ/mol) 520 496 419 403 376
Electron affinity (kJ/mol) 60 53 48 45 47
Electronegativity 1.0 0.9 0.8 0.8 0.7
Atomic radius 152 186 227 248 265
lonic radius of 1+ion (pm) 76 102 138 152 167
Melting points (°C) 181.0 98 63 39.0 28.5
Boiling points (°C) 1347 | 881 766 705 690
Density gm/cm’ at (20°C) 0.53 0.97 0.86 1.53 1.9
Heat of hydration (kJ/mol) 505 475 384 345 ilo

Alkaline Earth Metals

Alkaline earth metals have two electrons in 's' orbital of their valence shell. All alkaline earth
metals lose their two electrons to form dipositive ions M™, because their ionization energy values
are low. They form ionic compounds and show + 2 oxidation state. The electronic configurations
and some physical constants of alkaline earth metals are given in Table 2.2,

Table 2.2 Electronic Configurations and Physical Constants of Alkaline Earth Metals

Properties Be Mg Ca Sr Ba
Atomic number 4 12 20 38 56
Electronic configurations 125" [Nej3s' | [Arlds’ | [Kr]ss' | [Xe]6s'
lonization energy (kJ/ mol) 899 738 590 549 503
Electron affinity (kJ/mol) 240 230 156 168 52
Electronegativity 1.5 12 1.0 10 09
Atomic radius 112 197 215 22 | 198
Tonicradius of 2-+ion (pm) 7 100 118 135 | 148
Melting points (°C) 1287 649 839 "_m: - ‘ 3?
Boiling points (°C) 2500 os | ':3‘“, 135{1 ¥ 1@:
Density, gm/cm’at (20°C) 1.85 174 | 155 | 263, | 362
Heat of hydration (kJ/mol) 2337 1897 1619 | 14 ,ﬁ,% s
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In going down a group the number of shells increases by one at each step and equal to the
number of the period to which the clement belongs.

2.1.2 Occurrence of Alkali Metals

s-Block Eiemn.n

Table 2.3 Common Minerals of The Most
Important Alkali Metals

Due to high reactivity, the alkali metals

occur in nature in the combined state. None of Nameof Mineral Chemical Formula
the alkali metals is found fre in nature, Sodium [ ~/™*"™ o
and potassium are abundant alkali metals and Spodumene LiAI(SIO,),
each constitutes about 2.4 percent of earth's |S°91™
crust. Most of the earth's crust is composed of | ockSalt(Halite) NaCl
msoluble alumino-silicates of alkali metals. Chile saltpeter NaNO,

Lithium deposits, usually in the form DL Na,CO,.H,0
of complex minerals, are widely scattered over Trona Na,C0, 2NaHCO,.2H,0
the earth. An important commercial source of gomk Na,B,0,.10H,0
lithium is the mineral spodumene, LiA1(SiO,),. P“““‘f‘"‘ 1

. Small amounts c:tf rubidium and g::-:::::m igi‘mgc +6H,0

;nr:lﬁmﬂ:a:ﬂ::td l::e?::?:::?::::;:p;:s]:i Alunite(Alum Stone) K,50,.Al,(50,),.4Al(OH),

been prepared artificially in the laboratory and
is very unstable, thus a very little is known
about this metal.

Table 2.4 Common Minerals of the
Alkaline-Earth Metals

2.1.3 Occurrenceof Alkaline Earth Metals Nnmenl‘Minuralﬂ . ry“i::mmal it
Being very reactive, alkaline earth metals |Beryl Be,Al (5i0,),
also do not occur in free state. The compounds of |Chrysoberyl AlBe0D,
these metals occur widely in nature. Magnesium
Magnesium and calcium are very abundant |Magnesite MgCO,
in earth's crust. The outer portion of the earth was |Polomite MgCO,. CaCO,
originally in the form of silicates and alumino- |Camallite KCI.MgCl,.6H,0
silicates of alkaline earth metals. Magnesium and |EPsomsalt MESOLTHO
calcium, with sodium and potassium are present in SR shone (t25) H,Mg,(Si0,),
T Asbestos CaMg,(Si0,),
¢ : X v Calcium
Mngm:‘smrr_l halides are fnum:? In sead cqjcite (Limestone) CaCo,
water. Magnesium is an essential constituent of Gypsum CaSO,2H,0
chiorophy]l. Fluorite CaF,
Calcium phosphate, Ca,(PO,), and calcium |Phosphorite Ca,(PO,),
fluoride, CaF, are also found as minerals. Calcium Strontium
is an essential constituent of many living [Strontionite SrC0O,
organisms. It occurs as skeletal material in bones, Barium
teeth, sea-shells and egg shells. Barite BaSO,
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2.1.4

Radium is arare clement. It is of great interest because of its radioactive nature,
Peculiar Behaviour of Lithium

In many of its properties, lithium is quite different from the other alkali metals. This

behavior is not unusual, because the first member of each main group of the periodic table shows
marked deviation from the regular trends of the group as a whaole.

The deviation shown by lithium can be explained on the basis of its small radius and high

charge density. The nuclear charge of Li' ion is screened only by a shell of two electrons. The so
called 'anomalous' properties of lithium are due to the fact that lithium is unexpectedly far less
electropositive than sodium.

below:
1.
2,

10.

11.

Some of the more important differences of lithium from other alkali metals are listed

Lithium is much harder and lighter than the other alkali metals.

The lithium salts of anions with high charge density are generally less soluble in water
than those of the other alkali metals, e.g. LiOH, LiF, Li,PO,, Li,CO,.

Lithium forms stable complex compounds, although complex formation generally is not
a property of alkali metals. One of the stable complexes formed by lithium is [Li(NH,),]"
Lithium reacts very slowly with water, while other alkali metals react violently.

Lithium salts of large polarizable anions are less stable than those of other alkali metals.
Unlike other alkali metals lithium does not form bicarbonate, tri-iodide or hydrogen
sulphide at room temperature. 3

When burnt in air lithium forms only normal oxide, whereas the others form peroxides or
superoxides.

Lithium hydride is more stable than the hydrides of otheralkali metals.

Lithium compounds are more covalent, that is why its halides are more soluble in
organic solvents and the alkyls and aryls of lithium are more stable than those of other
alkali metals.

Lithium is the least reactive metal ofall the alkali metals.

When acetylene is passed over strongly heated lithium, it does not produce lithium
acetylide, but other alkali metals form the corresponding metallic acetylides.

2Na+ C,H, —— NaC=CNa + H,
Sodium acetylide

Lithium has low electropositive character, thus its carbonate and nitrate are not so stable
and therefore decompose giving lithium oxide. Carbonates of other alkali metals do not
decompose. Decomposition of lithium nitrate gives different products than the nitrates
of other alkali metals,

Li,CO,(s) —  Li;,0(5+COyg)

4LINO,(s) —  2Li,0(+4NO, @+ 0;(s)

2NaNOysi ——  2NaNO,s)+ Oy




13.

14.

15.
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Lithium hydroxide when strongly heated, forms lithium oxide but the other alkali metal
hydroxides do not show this behaviour.

2LiOHE  -fedhety,  LiO@+ H0@
Lithium reacts with nitrogen to form nitride, while the other members of the group do not
give this reaction.
' 6Li)+N,@ —> 2Li,Ns)
Lithium chloride has an exothermic heat of solution, whereas chlorides of sodium and
potassium have endothermic heats of solution.

Lithium carbide is the only alkali metal carbide formed readily by the direct reaction.
Peculiar Behaviour of Beryllium
Beryllium is the lightest member of the series and differs from the other group IIA

elements in many ways. This is due to its small atomic size and comparatively high
electronegativity value.

2.2

The main points of difference are:

Beryllium metal is almost as hard as iron and hard enough to scratch glass. The other
alkaline earth metals are much softer than beryllium but still harder than the alkali
metals.

The melting and boiling points of beryllium are higher than other alkaline earth metals.
(Table 2.2).
Asreducing agents, the group IIA metals are all powerful enough to reduce water, at least
in principle. However, with water, beryllium forms insoluble oxide coating that protects
it from further attack. ,
Beryllium in particular is quite resistant towards complete oxidation, even by acids,
because of its BeO coating.
Beryllium is the only member of its group which reacts with alkalies to give hydrogen.
The other members do not react with alkalies.
Be(s) +2NaOHeg — Na,BeO,(xs + H,(@

_ Sodium beryllate

GENERALBEHAVIOUROFALKALIMETALS

The reducing property of an element depends on the magnitude of its ionization energy.

Reducing agent is a substance which can lose electrons. Since alkali metals have got low
ionization energies, so they are strong reducing agents. They are highly electropositive. They

221
1.

2,

Trends in Chemical Properties of Alkali Metals
Low ionization energies make the alkali metals, the most reactive family of metals.

Very high second ionization energies indicate that oxidation numberhlgher than +1, are
mln:lmthﬂuﬂhhmls
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The cations of alkali metals have low charge and large radii than the radius of any cation
from the same period, so the lattice energies of their salts are relatively low.
Consequently, most of the simple salts of the alkali metals are water soluble. Most of the
salts are dissociated completely in aqueous solution and the hydroxides are among the
strongest bases available.
They react with oxygen and the surface is tarnished due to the oxides formed. Only
lithium burns in air to form the normal oxide, Li,0 (white solid).

4 Li(s)+ O, — 2L1,00) =

Lithium oxide

The exposed metals are oxidized almost immediately by oxygen in air, and in the
presence of moisture. The oxides formed react with CO, in the atmosphere to form
carbonates. =

Li,O+COm — Li,CO, )

Lithiuim oxide Lithium curbonate
Sodium will undergo a similar reaction, but only if the supply of oxygen is limited. In the
presence of excess of oxygen, sodium forms the pale yellow peroxide.

2Nas) + 0, — Na,0, (s)
Sodium peroxide
Potassium, rubidium and caesium react with oxygen to form superoxides (orange
yellow). Caesium explodes spontaneously when it is in contact with air or oxygen.

Kis+0,ie —_— KO, (s)
Potassium superoxide

Very rapid reactions occur when alkali metals react with water. A small piece of sodium
(potassium or lithium) floated on water reacts vigorously to liberate hydrogen and
produce metal hydroxide. The reaction is highly exothermic. The energy produced by
the reaction may eveni gnitf:the hydrogen.

2Na+2H,0n —  2NaOH (aq)+H, i)

The reaction becomes increasingly vigorous from lithium to caesium. Potassium,
rubidium and caesium are so highly reactive that they react with ice even at-100°C.

Alkali metals form ionic hydrides with hydrogen.
2M (s)+H, (2) — 2M'H )
Rubidium and caesium react violently with hydrogen at room temperature. The other

three metals require elevated temperature in order to form the hydride. Lithium and
sodium hydrides are useful sources of hydrogen when treated with water.

LiHs +HOwp — LiOH (aq)+H. (g)

Due to the presence of hydride ion (H'), the ionic hydrides are used as powerful reducing
agents.
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7. Lithium is the only Group IA metal that combines with nitrogen and carbon to form
nitride and carbide, respectively.
6Lim+N,m ——  2Li\Ne)
Lithitm nitride

4Lisy+Cys) — Li,C
Lithium carbide

,Alkali metals react easily with halogens to give halides. Lithium and sodium, for
example, react slowly with chlorine at room temperature. Molten sodium burns with a
brilliant yellow flame in a chlorine atmosphere to form sodium chloride.

2Na+Cligm —— 2ZNaClw

Pqtnssium.,};uhidium and caesium react vigorously with all the halogens, forming metal
halides.

All alkali metals form their sulphides when treated with molten sulphur. The general
reaction is:
2M (s)+ Ss) —— M,S() (M=Li Na, K, etc.)
2.2.2 Trendsin Chemical Properties of Alkaline Earth Metals
1. The alkaline earth metals burn in oxygen to form oxides or in the case of barium, the
peroxide. Beryllium is the least reactive metal in the group. It is resistant to complete
oxidation and stable in air at.ordinary temperature but oxidizes rapidly at about 800°C.
Therefore beryllium is not tarnished by atmospheric attack but the other metal soon loses
the silvery appearance.
2Be(s)+ 0, m ——  2BeOs)
When exposed to air magnesium quickly becomes coated with the layer of MgO. This
layer protects the surface from further corrosion at ordinary temperature.
2Mg(s+ 08 —  2MgOs)
When magnesium is burnt in air a small amount of nitride is also formed along with
magnesium oxide:
When barium is huted in air or oxygen at 500 - 600°C, its peroxide is formed.
Ba+ 0, (g ) Ba0, (s
Barium peroxide

-

2 Hydrides are produced by treating the molten alkaline earth metals with hydrogen,
usually under high pressures.
* Magnesium reacts with hydrogen at high pressure and in the presence of a catalyst
Mfwmsmm:mnhydnde.
Mg+ H, (g :H=ll MgH, (s)
- %ﬁﬁ:ﬂlﬂy © Cam+H, g —— CaH, ()
3.

Aﬂﬁmup I-A elements react with nitrogen on heating giving nitrides. For example,

-~ .-? i
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magnesium reacts with nitrogen to give magnesium nitride.
IMgsi+ Nyt —— Mg,N, s
Magncsimm nitnide
The nitrides hydrolyse vigorously when treated with water, giving ammonia and the
respective hydroxides,
Mg,M,isi+ 6H,0t ——  2ZNH, g1+ 3Mg(OK ), ts)

4. With sulphur, magnesium gives magnesium sulphide, MgS. The other Group 1I-A

metals also react similarly.
Mg+ Sy ——  MgS
Mapgnesium sulphide
5. All group 11-A elements react directly with halogens giving halides of the type MX, e.g.
Catn+Clipg — CaCl.s

6. Magnesium is more reactive than beryllium, even though it is not attacked by cold water.
Magnesium reacts slowly with boiling water and quite rapidly with steam to liberate
hydrogen.

[[LER

Magisi+ H,O —— MgO+H. g
Stedim
Beryllium does not react with water even at red hot temperature but remaining alkaline
earth metals produce hydroxides with water.
M (s)+ 2H,010 —22C,  M(OH), (514 H, (s)
2.2.3  General Trends in Properties of Compounds of Alkali and Alkaline Earth
metals
1) Oxides

Alkali metal oxides dissolve in water to give strong alkaline solutions. Forexample:
LLOm+H.0n ——  2E10H ()
2Na, 0, +2H,01) ——  4NaOH (s + O, 1)

The reaction of an alkali metal oxide with water is an acid-base reaction and not an
oxidation reduction reaction since no element undergoes a change in its oxidation number. The
reaction simply involves the decomposition of water molecule by an oxide ion.

O ag+H,0t) —  20H (aq)
The basic eharacter of alkali metal oxides increases down the group. Potassium
superoxide (KO,) has a very interesting use in breathing equipments for mountaineers and in
space craft. It has the ability to absorb carbon dioxide while giving out oxygen at the same time. :
4KO,m+2C0, —  2K,CO;i+ 30,0

The solubility of alkaline-earth metal oxides in water increases down the group. B BeO
and MgO are insoluble but Ca0, SrO and BaO are soluble and react with water to fj:l'g Itgq
corresponding hydroxides. ot

The basic character of the oxides of alkaline earth metals Imm the : group. The

L3

F




s-Block Elements
tendency for group 1A oxides to form alkaline solution is relatively less than that of alkali metals.
Group I-A ITI_ Group 1I-A
Lithium oxide (Basic) 2 Beryllium oxide (Amphoteric)
Sodium oxide {Bllsir.:] ] Beryllium oxide (Basic)

Potassium oxide (Basic) l Calcium oxide (Basic)

—

BeO is amphoteric in nature since it reacts with both acids and bases.
BeO(s) + HSO,aqp — BeSO,ag)+ H,O (1)

BeOgs) +2NaOH@qg — Na,BeO, 53+ H, 01
Sodium beryllae

ii) Hydroxides

The alkali metal hydroxides are all crystalline solids, very soluble in water except LiOH,
which is slightly soluble. They are generally hygrsocopic and are very strong bases, execpt
LiOH.

The solubility of alkaline earth metal hydroxides in water increases down the group.
Be(OH), is quite insoluble. Mg(OH), is sparingly soluble while Ba(OH), is more soluble. This
increase in solubility is due to low lattice energy of hydroxides which is, in turn, due to higher
ionicsize. ;

Alkali metal hydroxides are stable to heat except LiOH, while alkaline earth metal
hydroxides like Mg(OH), and Ca(OH), decompose on heating.

2LIOH® &, Li0w+H,0wm
Mg(OH), (0 2  MgO 5+ H,0 ()

A saturated solution of Ca(OH), in water is called lime water and is used as a test for CO.,.
A suspension of Mg(OH), in water is called milk of magnesia and it is used for treatment of
acidity in stomach.

iii) Carbonates

The carbonates of alkali metals are all soluble in water and are stable towards heat except
Li,CO, which is not only insoluble but also decomposes on heating to lithium oxide. The
decomposition is made easy because the electrostatic attraction in converting from carbonate to
nndeuuumﬂerahle In case of large cation like K in K,CO,, the gain in electrostatic attraction
lsrﬂahvdy nmdﬂmmdﬂmdwompnslhm isdifficult.

 Sodium carbonate is very important industrial chemical. At temperature below 35.2°C,
Nl:w;mllm out from water as Na,CO,.10H,0, which is called washing soda. Above this
mmmmmum,m H,0. On standing in air, Na,CO,.10H,0 slowly loses water

mﬂmnhdh!.whtn pﬂ"lo"dﬂ' NI,CG,.H,O The solution of Na,CO, in water is basic due to
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Na,CO,(s) +2H,0n  ——>  2NaOH aq)+H,CO, (ag)

Unlike the alkali metal carbonates, the alkaline earth metal carbonates are only very
slightly soluble in water, with the solublity decreasing down the group. They also decompose on
‘heating and the ease of decomposition decreases down the group.

CaCOyi5) . ——  CaOs)+CO,(g)

The ease of decomposition can be related to the size of the metal ion, the smaller the ion,
the more is the lattice energy of the resulting oxide and hence higher the stability of the product.
iv) Nitrates |

Nitrates of both alkali and alkaline earth metals are soluble in water. Nitrates of Li, Mg,
Ca and Ba decompose on heating to give O,, NO, and the metallic oxide whereas nitrates of Na
and K decompose to give different products.

4LINO,isi —— 2L1,06)+4NO, @+ 0,
2Mg(NO,)L 3 —— 2MgO s +4NOug+ O
2Ca(NO,) st —— 2Ca0 )+ 4NO, @+ O, m
INaNO,(ss —>  2NaNO,+0;(g)
v) Sulphates
All the alkali metals give sulphates and they are all soluble in water. The solubilities of

sulphates of alkaline earth metals, gradually decrease down the group. BeSO, and MgSO, are
fairly soluble in water. CaSO, is slightly soluble, while SrSO, and BaSO, are almost insoluble.

Calcium sulphate occurs in nature as gypsum CaSO,.2H,0. When it is heated above
100°C, it loses three quarters of its water of crystallization, giving a white powder called' Plaster
of Paris.

2CaS0,2H,0(ss ——  (CaS0,),.H,0s)+3H,00)
Giypaum Plaster of Paris

2.3 COMMERCIALPREPARATION OF SODIUM BY DOWN’S CELL

Most of sodium metal is produced by the clectm]:.rs:s of fused sod:mn chloride. Since the
melting point of sodium chloride is 801°C, some - .

calcium chloride is added to lower its melting point
and to permit the furmace to operate at about
600°C.

In the electrolytic cell, the large block of “ﬂ? '
graphite at the centre is the anode, above which |
there is a dome for the collection of chlorine. The | ‘3”"*'1
cathode is a circular bar of copper or iron which _Ima <
surrounds the anode but is separated from it by an
iron screen, which terminated in a gauze. The
arrangement permits the electric current to pass -
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freely but prevents sodium and chlorine from mixing after they have been set free at the
electrodes, Fig. 2.1,

_ Sodium metal rises in a special compartment from which it is taken out at intervals. The
cell produces dry chlorine and 99.9 percent pure sodium. The process is carried out at 600°C and -
it has the following advantages.

(a) The metallic fog is not produced.

(b) Liquid sodium can easily be collected at 600°C.

(c) Material ofthe cell is not attacked by the products formed during the electrolysis.
During the process the following reactions take place:

NaClis - Ma'try+Cl
At cathode MNa+ e > Nain
Atanode Clin — 12CL 1+ e
2.4 COMMERCIAL PREPARATION OF SODIUM HYDROXIDE BY
THE DIAPHRAGM CELL _ 3

Chlorine _

Gaz dome

Sodium hydroxide is manufactured on a large :
scale by the electrolysis of aqueous solution of Gﬁzﬂf '
common saltin a diaphragm cell Fig. 2.2 (a). The cell is .
made of steel tank. An oblong perforated steel vessel  (naCH)
lined inside with asbestos diaphragm serves as a
cathode. It is provided with a constant level device to
keep the vessel filled to the specified level with brine. A
graphite anode is held within the U shaped diaphragm Pﬂfamlnd
and it projects into the salt solution. The steam is blown githode
during the process which keeps the electrolyte warm

and helps to keep the perforations clear. Stcel tiak
The chlorine released at the anode, rises into

ydrogen

Asbeslos
diaphragm

basin
the dome at the top while hydrogen released at the
cathode, escapes through a pipe. The sodium Fig.2.2(a) Nelson Cell for the
hydroxide solution slowly percholates into a catch e & il NI'D_H
i T
The Fig. 2.2 (b) shows a simplified version of yriraaice soluion

T oy
0= -1 =T
e | O]

s T T

the cell in order to understand the purpose of
mmwm the electrolysis takes place, chlorine

ﬁvm‘oh‘atthc anode according to the following
th

ECf ap — Clog+2e g compartment

! ]lyldmgm is discharged by the reduction of water.
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2ZH,01n + 2e —  20H g+ H,q (Cathode)
The overall result of the above reactions is that the brine loses its chloride ions and the
solution turns increasingly alkaline in cathode compartment.

We can face two major problems during the working of the cell.

. Chlorine produced can react with hydroxide ions in cold giving hypochlorite ions.
('II.[-L” F20H 1ag) —  OCT taqy +CI (ag+ H!UIIL
2. Hydroxide ions may be attracted towards anode, where they can be discharged releasing

oxygen gas. This oxygen gas may contaminate the chlorine and renders it impure.
The first problem is solved by using asbestos diaphragm. This keeps the two solutions

separate while allowing sodium 1ons to move towards the cathode. This movement of ions keeps
the current flowing through the external circuit.

The second problem is solved keeping the level of brine in anode compartment slightly
higher, this keeps the direction of flow of liquid toward the cathode and thus preventing the
possibility of hydroxides ions to reach the anode.

The solution that flows out of the cathode compatment contains 11% NaOH and 16%
NaCl. Evaporation of this solution crystallizes the less soluble NaCl which is filtered off, the
liquid left contains about 50% NaOH and only 1% NaCl as an impurity. For commercial
purposes this small impurity is not important.

2.5 ROLEOFGYPSUMINAGRICULTUREAND INDUSTRY
(a) Role of Gypsum in Agriculture

Gypsum, a hydrated calcium sulphate, is a mineral that occurs in large deposits
throughout the world.

Gypsum is applied to'the soil as a source of calcium and sulphur. The calcium supplied
by gypsum in fertilizers is of importance in crop production in areas where soils are subject to
extensive leaching,

Sulphur has been recognised as an essential constituent of plants. For centuries, sulphur
compounds had been applied to soils because of their observed beneficial effect on plant growth.
Aside from serving as a constituent of protein and various other compounds in plants, sulphur has
an influence on chlorophyll development in plant leaves. Although not a constituent of
chlorophyll, plants deficient in sulphur exhibit a pale green colour.

The root system of several plants have been observed to be greatly enlarged by the
application of sulphur. It has been reported that good crops are produced by the application of
sulphur containing materials such as gypsum.

, (b)  Roleof Gypsumin Industries

When gypsum is heated under carefully controlled conditions, it loses three quarters of
water of crystallization. The resulting product is called Plaster of Paris. Gypsum must not be
heated too strongly as the anhydrous salt s then formed which absorbs water slowly. Such plaster

— o~
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Plaster of Paris when mixed with half of its weight of water forms a plastic type viscous
mass and then sets to a hard porous mass. This process is completed within 10 to 15 minutes.
During the process expansion about 1% in volume also occurs, which fills the moulds completely
and thus a sharp impression is achieved.

Plaster of Paris is used for making plaster walls, casts of statuary, coins, etc.

It is used in surgery, Plaster of Paris bandages are used for holding in place fractured
bones after they have been set.

Special plasters contain plaster of Paris and other ingredients which vary with the
demands ofthe use to which they are to be put. :

Two varieties of plasters are made.

(1) Cement Plaster.

It is plaster of Paris to which usually glue or other oils have been added as retarders to
prolong the time of setting.

(2)  Hard Finish Plasters

These are made by the calcination of the anhydrous sulphate with alum or borax. These
plasters are set very slowly but give a hard finish.

When mixed with wood pulp and allowed to set in the form of boards, it forms a material,
much used in the construction of buildings as wall boards and partitions. Gypsum is also used as a
filler in paper industries.

: Portland cement is made by strongly heating a finely powdered mixture of clay and
limestone. The final product, known as clinker, is cooled and then ground into a very fine powder.
During the grinding about 2% of gypsum is added which prevents the cement from hardening
toorapidly. The addition of gypsum increases the setting time of cement,

26 ROLEOFLIMEINAGRICULTUREANDINDUSTRY

Lime, (Ca0) is a soft, white compound which is obtained by the thermal decomposition
of CaCoO,.

(a) Roleof Lime in Agriculture

Large quantities of calcium oxide are used in agriculture for neutralizing acidic soils. It
has been found that application of lime to acidic soils increases the amount of readily soluble

phosphorus.
“alcium oxide is also used in large amounts for making lime-sulphur sprays which have

. astrong fungicidal action. The hydroxide of calcium is obtained when the oxide of the calcium is

allowed toreact with water, The process is called slaking of lime and itis an exothermic reaction.
CaO)+H,0y ——  Ca(OH),¢)
Slaked lime

The ?;P"'._.‘;-_!mf ¢ of calcium is essential for the normal development of plants. The quantity

e ——
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of calcium required by different plants varies considerably. An adequate supply of calcium
appears to stimulate the development of root hairs and, in fact, the entire root system.

Calcium is also necessary for normal leave deve'}opme.nt and tends to accumulate in

leaves as well as in bark. An adequate supply of calcium is also essential for the optimum activity
of microorganisms that produce nitrates.

The effect of calcium on the supply of available phosphorus in the soil is of special

significance. Soils containing sufficient calcium are slightly alkaline in nature.

When a deficiency of calcium exists various substances such as aluminium and

manganese may accumulate in plants in harmful concentrations.

(b)

10.

Role of Lime in Industries

Large quantities of lime are used in the extraction and refining of metals.
Lime is also used in paper, cement and leather industries.

The ability of lime to react with sand at high temperature forming calcium silicate
(CaSi0,) serves as an important basis for glass manufacture.

Lime is used in ceramic industry for producing different types of sanitary materials.
Ordinary mortar, also called lime mortar, is prepared by ml.xmg freshly prepared slaked
lime (one volume) with sand (three or four volumes) and water to form a thick paste. This
material when placed between the stones and bricks hardens or sets, thus binding the

blocks firmly together. The equations for the chemical reactions which take place when
mortar hardens are:

CaO)+H,On ——> Ca(OH), (s

Ca(OH), s+ CO, g —» CaCO,s3+H, Ot

Ca(OH),+8i0,s) —— CaSi0,+H,0@
Lime is also used in refining of sugar and other food products.
Lime is used in the manufacturing of bleaching powder, which is used for the bleaching
of the fabric and paper pulp.
A suspension of the calcium hydroxide is called milk of lime and is used as a whitewash.
When lime is heated with coke at about 2800°C in an electric furnace, calcium carbide is
produced, which on hydrolysis yields acetylene (C;H,). \

CaO)+3Ci) —> CaC,s+CO(g) '

Calcium carbide

Lime is often employed as a dehydrating agent, for example, in the preparation of
absolute alcohol and the drying of ammonia gas. A mixture of sodium hydroxide and
calcium hydroxide (soda lime) is often employed to remove both water and m
dioxide from certain gases.
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KEY POINTS

1. The elements of group 1A except hydrogen are called ‘alkali metals' while those of group
ITA are named as alkaline earth metals.

2, Alkali metals have only one electron in s-orbital of their valence shell. They lose one
electron of the valence shell forming monovalent positive ions.

3. Alkaline earth metals have two electrons in s-orbital of their valence shell. They lose
two electrons forming dipositive ions M".

4, Spodumene, Chile saltpetre, trona, borax, camallite, sylvite, alunite, halite, natron, are
the common minerals of alkali metals.

5. Beryl, magnesite, dolomite, epsom salt, asbestos, calcile, gypsum, strontionite and

barite are the important minerals of alkaline earth metals.

6. Lithium behaves different from the other alkali metals.

7. Lithium forms only normal oxide, whereas the others form higher oxides like peroxides
and superoxides. A £

8. Beryllium is the only member of group 11, which reacts with alkalics to give hydrogen.

The other members do not react with alkalies.

9. Nitrates of lithium, magnesium and barium on heating give oxygen, nitrogen peroxide
and the corresponding metallic oxides.

10.  When gypsum is heated above 100°C, it loses three quarters of its water of
crystallization, giving white powder of CaSO,. 1/2H,0 which is called Plaster of Paris.

11. Sodium is prepared by the electrolysis of molten sodium chloride in Down's cell.

12 Calcium is necessary for development of leaves and it tends to accumulate in leaves and
bark. An adequate quantity of calcium is essential for the optimum activity of
microorganisms that produce nitrates.

13. Lime is used in paper and glass industries. Itis also used for refining sugar and other food
products,

EXERCISE
Ql.  Fillintheblanks:
(i) Alkali metals are reactive than alkaline carth metals.
(ii) Alkali metals decompose watervigorouslyproducing ~ and hydrogen.
(i)  When heated in a current of dry hydrogen, alkaline carth metals form white crystals of
the type MH,.

(iv)  Theberyllium oxide, like the oxide ol'aluminium is umphoteric, while the hydroxides of
- theothermembers ofthe group ll-Aare |
(v)  The elements of the group [-A are termed as alkali metals, because their are
alkaline.

(vi)  Spodumeneisanoreof _ melal.
(vii)  Alkalimetal nitrates on heating give thecorresponding_____ and oxygen.
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(viii)
+ (ix)
(x)
Q2.
(i)
(i)
(iil)
(iv)
(v)
(vi)

(vii)
(viii)

(ix)
(x)
Q3.
(i)
(ii)
(iii)
(iv)

(v)

(vi)

(vii)

(viii)

Na,C0,.H,0 is the chemical formula of a mineral of sodium which is known as -

Metallic bicarbonates are decomposed on heating into their carbonates, alongwith
and -

Metal nitrates other than the alkali metals on heating decompose into the corresponding

metal along with the evolution of nitrogen peroxide and oxygen.

Indicate True or False. :

Group I-A elements are called alkali metals becausc their chlorides are alkaline in nature

Alkali metals are very good conductors of electricity.

The hydroxides of alkali metals and alkaline earth metals are soluble in water.

Plaster of Paris is a hemihydrate.

Alkali metals have low melting and boiling puims as compared to those of alkaline earth

metals.

Lithium carbonate is decomposed to its oxide, but the carbonates of the other alkali

metals are stable towards heat.

All alkali metal sulphates are insoluble in water.

Lithium combines with nitrogen to form lithium nitride but other alkali metals do not

react with nitrogen.

Tronais a mineral of lithium.

Alkaline earth metals are stronger reducing agents than alkali metals.

Multiple choice questions. Encircle the correct answer.

Which one of the following does not belong to alkaline earth metals?

(a) Be (b) Ra (c) Ba (dd Rn

The oxide of beryllium is: ' _
(a) acidic (b) basic (c) amphoteric (d) noncofthese
Which ion will have the maximum value of heat of hydration?

(a) Na' b) Cs* (¢) ' Ba® (@) Mg"

Which one of the following is not an alkali metal?
(a) francium (b) caesium (¢) rubidium(d) radium
Which ol the tollowing sulphates is not soluble in water?

(a) sodium sulphate (b)  potassiumsulphate i

(c) zinc sulphate (d)  'bariumsuphate 1|

The element caesium bears resemblance with . 2

(a) Ca (b) Cr

(c) both of these metals (d) none of these metals .
Chile saltpetre has the chemical formula:* : =y
(8  NaNO, ®) KNO, ‘ =
(€  NaBO, (@  NaCOHO o
The mineral (CaSO,.2H,0 ) has the general name: S
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(ix)

(%)

Q4.
Q5.
Q6.

Q7.

Q8.

Ql0.

Q.11.

L e il s-Block Elements
(a) gypsum (b) dolomite (c) calcite (d) epsom salt

Down's cell is used to prepare:
(a) sodium carbonate (b) sodium bicarbonate
(c) sodium metal (d) sodium hydroxide

Which element is deposited at the cathode during the electrolysis of brine in diaphragm
cell?
(@ H - () Na € C, @ 0O

(a) Give the names, electronic configurations and occurrence of s-block elements.

(b) Discuss the peculiar behaviour of lithium with respect to the other members of
alkali metals. .

Discuss the trends in chemical. properties of compounds like oxides, hydroxides,

carbonates, nitrates and sulphates of 1A and ILA group elements.

Compare the chemical behaviour of lithium with magnesium.

(a) Mention the properties of beryllium in which it does not resemble with its own
family.

{hj Why is the aqueous solution of Na,CO, alkaline in nature?

(a) Describe with diagram the manufacture of sodium by Down's cell.

(b) Point out the three advantages of this process.

(a) Compare the physical and chemical properties of alkali metals with those of
alkaline earth metals.

(b) What happens when:

(i) - Lithium carbonate is heated.

(i)  Lithium hydroxide is heated to red hot.

(iii)  Berylliumis treated with sodium hydroxide.

(iv)  Lithiumhydride is treated with water.

Give formulas of the following minerals.

(a) Dolomite (b) Asbestos (c) Halite (d) Natron
(e) Beryl (f) Sylvite  (g) Phosphorite (h) Chilesaltpetre
Answer the following questions briefly. .

Why are alkali and alkaline earth metals among the reactive elements of the periodic
table?

Wh}_rduﬁ lime water turn milky with CO, but becomes clear with excess CO,?

How is gypsum converted into plaster of Paris?

Why is 2% gypsum added in the cement?

Whyuhmeﬂdﬂtu lpqmdie s0il?
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In this chapter you will learn

L. The names, electronic m:l.ﬁgm‘atinns-and occurrence of IIIA and I'VA group elements.
The peculiar properties of boron and carbon in their respective groups.

The preparation and properties of borax and orthoboric acid.

The reactions of aluminium.

Structures and properties of oxides of carbon and silicon, silicates, silicones and their uses.

e b e R

The uses of silicon and germanium in semi-conductor industries and lead in paints.

3.1 GROUPIIHAELEMENTS

The Group IITA of the Periodic Table comprises the elements boron, aluminium,
gallium, indium and thalliom.

Electronic configurations and some. physical properties of group IIIA elements are
shown in Table3.1.

The small size and high nuclear charge make boron non-metallic while all the other
elements of this group are metals. The abrupt increase in metallic character from B to Al is
associated with the increased size of aluminium atom. The increase in the atomic size is not
regular in this group. This is duc to the presence of d electrons in heavier members which have
poor shielding effect than s and p/electrons.

Table 3.1 Electronic Configurations and Physical Properties of Group ITIA Elements
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Group A and Group IVA Elements

| A | G In T

Tonization energy (ki/mol)] 800 571 579 558 589
" Finity(/mol) | -27 45 29 29 30
20 15 1.6 17 1.8

85 143 135 | 167 170

20 54 62 80 150

2180 660 10 157 304

3650 -2445? 2403 2080 1457

235 270 5.90 731 11.85

3.1.1 Uct_:ﬁrrence (Boron and Aluminium)

Boron is not an abundant element.

It occurs in traces in most soils and has been
found to be essential in very small amounts

for the proper growth of many plants,
Boron is always found in nature

combined with oxygen, usually as
oxyborate ions. Boron occurs principally

as salts of various polyboric acids.

Aluminium is the third
most abundant element in the
carth's crust (after oxygen and
silicon).

It occurs primarily as
alumino-silicate minerals found in
the rocks of the outer portion of the
earth.

The other elements of
group IMIA gallium, indium and
thallium are relatively rare and are
obtained as by-products during the
processing of other metals.

Table 3.2 Common Minerals of Boron

Name of Minerals of Boron | Chemical Formula
Borax or Tincal Na,B,0,10H,0
Colemanite Ca,B,0,,.5H,0
Orthoboric Acid H,BO,

Table 3.3 Common Minerals of Aluminium

'Name of Minerals Chemical Formula
~ of Aluminium

Feldspar KAISi,0, orK,0.A1,0,.68i0,
Mica(Muscovite) | KH,AL(SiO,),

Kaolin (Clay) H,A1,(Si0,),. H,0 or Al,0,2Si0,2H,0
Corundum ALO,

Emerald AIF,SiO,

Gibbsite (A1,0,3H,0 orAl(OH),)
Bauxite AL,0,2H,0

Cryolite Na,AlF,

Diaspore AlLO,H,0 or AIO(OH)

3.1.2 Peculiar Behaviour of Boron

Boron is the first member of the Group ITIA, it shows many dissimilarities with the
members of its own group. The difference in the properties of boron and those of the other
members of the series is mainly due to the large difference in their sizes and ionization energies.

1. Boron is the only element in GrouplITA which is non-metallic in behaviour.

2. Iti;ﬂ:?onlxe_lmtwiﬂﬂpmlhmﬁnralamminﬂaemtcnmahcllwhichisnota
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metal.

3. Boron always uses all the three of its valence electrons for bonding purposes and its
common oxidation states are+ 3 and -3.

4. One of the outstanding features of the chemistry of boron is its ability to form molecular
addition compounds.

5. Boron does not form ionic compounds with sulphate, nitrate or. other anions because
boron does not from a stable cation.

3.2 COMPOUNDSOFBORON
3.2.1  Borax(Sodium Tetraborate Na,B,0..10H,0)
Borax is the sodium salt of tetraboric acid. It is the most important of all borates.

Occurrence:

Borax occurs as a natural deposit called tincal in the dried uplakes of Tibet and
California.

Manufacture:

1 Formally borax was manufactured by treating a hot solution of boric acid with the proper
amount of soda ash.
4H,BO,(aq)+ Na,CO,(ss — Na,B,0,(s+6H,0)+CO, (g
Boric acid Borax Borax

I

Mowadays borax is almost exclusively obtained from calcium borate. Finely powdered
colemanite is boiled with Na,CO, solution, when CaCO, precipitates out and a mixture
of borax and sodium metaborate is formed.

Ca,B,0, 9+ 2Na,CO,aq —> - 2CaCO,(s)+Na,B,0,(s)+2NaBO, )
Colemanile
The clear solution from the top is taken off and is then allowed to crystallize, when
crystals of borax separate out. To get more borax, CO, is blown through the mother liquor, the
sodium metaborate is decomposed into borax, which separates out in the form of fine crystals.

4NaBO,(ss + CO,@ —— Na,CO,(s) + Na,B,0,(s)
Sodium metaborate Borax

i Borax may also be obtained from tincal (Na,B,0,.10H,0) by treating tincal with water
and subsequently evaporating the clear solution, when crystals of borax separate out.

Properties: j

I.  Boraxisawhite, crystalline solid. Itis sparingly sSlublein cold water butis more soluble
in hot water: 100 grams of water dissolve 3 grams of decahydrate at 10°C and 99.3
grams at 100°C. If a saturated solution be allowed to crystallize above 62°C, octahedral
crystals of the pentahydrate, Na,B,0,.5H,0 separate out, if the temperature is below
62°C, the decahydrate is formed. Its aqueous solution is alkaline in nature due to
hydrolysis.

et il oo a2 v il
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Na,B,O,s) +7THO(9 —— 2NaOH (aq) + 4H,BO,(s)
Strong alkali Weak acid
The hydrolysis is prevented in the presence of glycerine.

2. When heated, borax loses water and swells up into a white porous mass due to the
expulsion of water: on further heating it melts into a clear transparent glass, which
dissolves many metallic oxides forming coloured beads. This reaction forms the basis of
borax bead test.

Na,B,0,.10H,00 —&5  NaB.0,w+2NaBO,( +B,0,()
Glassy mass

3. Its aqueous solution reacts with HCl or H,SO, to form boric acid:

Na,B,0, (aq)+2HCl(ag) + 5H,0(0 ——  2NaCl (aq)+4H,BO, (s)
Borax : Boric acid

Na,B,0,1ss+H,S0,q) + 5H,0(0) — Na,80,(aq+4H,BO, (s
4. When borax i1s heated with ammonium chloride, boron nitride is produced:

Na,B,0, @ +2NH,Clagg —— 2ZNaCls)+2BN@+B,0,s+4H,0(n
5. Borax when dissolved in water ionizes as: :

NaBO,s) —>  2Na'+B,0, ()
Hydrolysis of B,O,” ions occurs as follows:

B0, w+7H, 019 — 4H,BO, (s+20H (ag)

So, a strong alkali (NaOH) is formed which is highly ionized. On the other hand, boric
acid (H,BO,) is ionized to a little extent, because it is a weak acid. Hence, solution of borax as a
whole is alkaline in nature.

. 6. Borax Bead Test

Prepare a loop at the end of a platinum wire. Heat the wire and take a little powdered
borax on the hot loop. Heat again, borax first swells up and then melts into colourless, glass like
bead on the loop. Now put a few grains of the substance, under examination, on the beads and
re-heat it first in the oxidizing flame and then in the reducing flame.

Chemistry of the Borax-bead Test:

Borax, when fused, is decomposed into sodium metaborate and boric anhydride.

Na,BO,s) —>  2NaBO,(s +B,0,0) :

The metallic oxide formed from the substance, under examination, combines with B,O,
giving the coloured metallic borates. With cupric oxide, the beads are coloured blue in the
oxidizing flame because cupric borates are blue in colour.

Cu0,+B,0,0 —>  Cu(BO,); )
Usesof Borax:
1. Itisusedtoprepareborate glass, whichiis heatresistant.
2. Itisusedinsofleningof water.
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Itis employed in borax bead test, for the detection of metallic cations.

Itis used in metallurgical operations.

Itis used as a flux in welding and in metallurgy.

Itis employed in making washing powders.

Itis used in leather industry for tanning and dyeing.

P05 an s L L0

It is used in cosmetics, soaps, textiles, paints, medicine, match industry and as a
preservative.

J.2.2 BoricAcids :

There are four important boric acids. Out of these orthoboric acid is the most important

and the stable one. The remaining acids are stable in solid state and change into orthoboric acid in
solution:

(i) Orthoboric Acid, H,BO,
(ii) Metaboric Acid, HBO,

(iii)  Tetraboric Acid, H,B,0,
(iv) Pyroboric Acid, H,B,O,

HBO,+H0  I\Z4  HEO,
Metaboric acid Boric acid
H,B,0,+ SH,0 S 4H,BO,
Tetraboric acid Boric acid

H.B,0,+3H.0 _— 4H,BO,
Pyroboric acid Boric acid

Orthoboric Acid or Boric acid (H,BO,)

It is a white crystalline chemical substance (triclinic), sparingly soluble in cold water
(2.6% at 40°C) but dissolves readily in hot water (37% at 107°C). This temperature variation in
solubility forms the basis for its separation and purification.
Preparation of Boric acid on Commercial Scale
1. From Colemanite

On commercial scale, boric acid is prepared from a natural calcium borate called
colemanite (Ca,B,0,,. 5H,0) by suspending it in boiling water while, sulphur dioxide is passed
through it. Boric acid crystallizes out from the solution while, the other product CaSO, remains in
the, su]utmn : ,
Ca,B,0,,.5H,0 (9 +250, (¢ +4H10m —5  2CaS0, (a)+6H,BO; (s)

. Colemanite
2. . FromBorax

A hot concentrated solution of borax is treated with ncalculatodqtnntrtjrﬁfm H.SO0,.
On cooling, crystals of boric acid formed separate out. . n
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Na,B,0,15+H.50, kg +5H.0n e Na,SO,+4H,BO, s

Borax HBoric acid
‘Properties of Boric Acid
1. Boric acid 1s a white lustrous crystalline solid having a soft soapy touch, very slightly
soluble in cold water but fairly soluble in hot.
2. Itis volatile in steam.
3. Itreacts with ethyl alcohol forming ethyl borate.
H,BO,»+3CHOH#n — (C,H,),BO,(n+3H.0)
4. When heated strongly, it swells to frothy mass losing water molecules. It is first
converted into metaboric acid, then to tetraboric acid and finally to boric anhydride.
H,BO, —&L,  HBO,+H,0
Metaboric Acid
§HB0,  ——— ° HBO,+HO
Tetrabaoric acid
HBO, / —*>  2B0,+H0
Boric anhydride
5. Itis a very weak acid and ionizes to a very limited extent mainly as a monobasic acid.
H,BO,isi+H Oy —— [B(OH),] si+H’
6. Its solution has no effect on methyl orange, although it tumns blue litmus red.
7 Itis partially neutralised by caustic soda to give borax.
4H,BO, (aq) + 2NaOH (aq) —> NaBO, ., +7HO(
8. When boric acid is neutralized by soda ash (Na,CO,), borax is obtained.
4H,BO, (ag)+Na,CO, (ag) —> ¢ NaB.0,s+6H,0,,+CO,
3 Bomx
9. Boric acid being a weak acid, cannot be titrated with alkalies in the usual manner. In the
presence of glycerol, however, it can be titrated against a standard alkali using
phenolphthalein as an indicataor.
Uses of Boric Acid
L. Boric acid is used in medicines as an antiseptic, e.g. dusting powder, boric ointment and
boric solution is used as an eyewash.
2. Itis used in pottery as a glaze because borate glazes are more fusible than silicate glazes
and possess a higher coefficient of expansion.
3. Itis also used in candle industry for stiffening of wicks.
3.3 REACTIONS OFALUMINIUM
When a piece of aluminium sheet is exposed to moist air it acquires a thin, continuous
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coating of aluminium oxide, which prevents further attack on the metal by atmospheric oxygen
and water under normal conditions. Because of this aluminium sheets are said to be corrosion
free. However, if the aluminium powder is heated to 800°C and above, the metal will react with
air to form aluminium oxide, Al,0,, and aluminium nitride, AIN. The reaction is accompanied by
the evolution of heat and intense white light. This property of aluminium is made use of in flash
light photography.

4Al i)+ 110 P M — Eﬁigﬂ,isi
2Als+ Ny ——  2AING)
Because of its ability to combine with both oxygen and nitrogen, the metal is often used

to remove air bubbles from molten metals. Salt solutions corrode aluminium badly so aluminium
and aluminium alloys are not suitable for marine use.

2. Reaction with Non-Metals
Heated aluminium combines with the halogens, sulphur, nitrogen, phosphorus and
carbon, accompanied by the evolution of heat.
2Al+3CLE—— 2AICLG)
Aluminium on heating with hydrogen forms aluminium hydride.
2Al(s)+3H,(g) — 2AlH,(9)
Reaction with Acids and Alkalies

Aluminium is amphoteric. It dissolves in both acids and bases with the liberation of
hydrogen gas.

Cad
.

Aluminium reacts slowly with dilute acid and more rapidly with concentrated
hydrochloric acid to displace hydrogen
2Al(s)+ 6HCl(aq) —— 2AICI, (ag)+3H, (g
Aluminium does not react with dilute sulphuric acid. However, it is oxidized by hot
concentrated sulphuric acid to liberate sulphur dioxide gas.
2Al (s +6H,80, cony ——  AL(SO,); (aqr+ 6H Gm+350 (g
Aluminium does not react with nitric acid at any concentration, probably because of the
formation of protective layer of aluminium oxide. The acid is said to render the aluminium:
passive, Nitric acid is, therefore, frequently transported in aluminium containers.
Aluminium dissolves in both sodium and potassium hydroxides to form a- suluhle:
aluminate, with the evolution of hydrogen.
2A1(s)+2NaOH (s +6H,0(n —>  2NaAl(OH), (aq)+3H, (g)
USES .
1. Aluminium lsveryhght{ntaﬂyﬂ:mtmﬁlmdumthmm]bmmms'
tensile strength. These properties account for its extensive use in the transport in ies
in the construction of aircrafts, and cars. _— '
ships - ﬂ*‘!
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2. Itis an excellent conductor of both electricity and heat. Thus, it is used as heat exchanger
in chemical, oil and other industries. Heavy duty electrical cables arc made of
aluminium metal.
3. Aluminium is an excellent reflector of radiant energy. For this reason, it is commonly

used to insulate buildings. Aluminium foil is also used to jam radar.
4. Itis non-magnetic and is thus used in navigational equipment.
5. Itis a good reducing agent and can thus be used for this purpose in the chemical and steel

industries.

6. It is non-toxic and can be used for making food and brewing equipments and in
packaging.

7. Aluminium readily forms alloys with other metals like copper, magnesium, nickel and
zing.

8. At homes, aluminium is found in the form of cooking utensils, window frames and
kitchen foil.

9. Aluminium is used for making petrol and milk storage tanks because it reflects heat and

prevents them of being over heated in the sun,
34 GROUPIVAELEMENTS

Group IVA of the periodic table comprises elements, carbon, silicon, germanium, tin and
lead.

There is a marked change of properties from carbon to lead. This gradation is of such
nature, however, that there are very few similarities between the extreme members. Thus carbon
and lead differ very considerably; far more, for example, than do lithium and caesium in group
IA. The electronic configurations of IVA group elements along with their physical properties are
giveninTable3.4.

Table 3.4 Electronic Configurations and Physical Properties of Group 1VA Elements

Pb
82
[Xe]4f"'5d"6s'6p’
715
-101
19
146
19
=i 27
§ ,rn.--'q‘-f?g-; 2
s d




Carbon and silicon are the only I

non-metals in Group IVA. Carbon has | |
C C

the peculiar property of forming long C C
carbon chains, silicon forms long chains | | |
of alternating silicon and oxygen atoms. Carbon and Carbo
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in nature, / l | |

I Carbon and silicon both form (9]
acidic oxides, whereas the oxides of |
germanium, tin and lead are amphoteric

£ Both carbon and silicon form

covalent bonds. Their oxides are acidic :
and both form hydrides and chlorides. Silicon and Oxygen Linkages

The elements of group I'VA are characterized by a set of four valence electrons, which
form two pairs.

In the first three elements of IVA group, carbon, silicon and germanium, all the four
outermost electrons are used as valency electrons, while in tin and lead either all four (stannic and
plumbic compounds) or only one of the pairs of electrons (stannous and plumbous compound) is
used for bonding.

The pair of valence electrons that do not readily take part in chemical combination is
termed as inert pair. As in other groups, the inert pair effect is most marked in the element of
highest atomic mass, namely lead. The increase in electropositive character from carbon through
silicon, tin, and lead is pronounced. This trend is shown also by the increase in the metallic
character of the elements with increased atomic mass.

The Following are the Common Properties of Group IVA Elements:
1. All the elements of this group show a valency of four.

2. All of them form hydrides, MH,.

3. They form tetrachlorides, MCI,.

4. They also form the diotides, MO,.

3.4.1 Occurrenceof Carbon

Carbon occurs naturally in two states. One is crystalllme. {gmplute diamond) form and
the other is amourphous (coal, charcoal) form.
3.4.2 Occurrence of Silicon

Silicon is very abundant, about 25% of |
the mass of the Earth's crust being due to this
element. .

Silicon, unlike carbon, is not found in | =™
free state. Silicon is found as a major constituent | %
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of rocks either in the form of silica or silicates. Most minerals other than sulphides, sulphates,
phosphates and carbonates contain a high proportion of silicon.
As oxide, itis found as quartz in the following forms:
Rockcrystal, amethyst quartz, smoky quartz, rose quartz and milky quartz.
Sand is largely silicon dioxide (silica). Opal is a hydrated variety of quartz.
3.4.3 Peculiar Behaviour of Carbon
Carbon differs from the remaining members of Group IV-A in the following respects:

1. Carbon and silicon are nonmetals while the other members of the family are metalloids
ormetals.
2. Catenation or selflinkage. Carbon has a tendency to form long chains of identical atoms.

The type of linkage of identical atoms with each other is called catenation or self-
linkage. The property of catenation decreases on moving down the group from carbon to
lead. The maximum tendency of catenation associate with carbon forms the basis of the
carbon compounds which constitute organic chemistry.

3.5 COMPOUNDSOFCARBONANDSILICON
3.5.1 Structure of Oxides of Cirbon

Three oxides of carbon are known:

(i) Carbon monoxide, CO

(i)  Carbondioxide, CO,

(i)  Carbonsuboxide, C,0,

Qut of these, the last one is of little importance.
Structure of Carbon Monoxide (CO)

Carbon monoxide is diatomic molecule having triple bond between the two atoms. It is
very slightly polar. The electronic structure of carbon monoxide can be represented as: :C: 108
Itisusually writtenas: :C= 0O

It might appear from the above structure that the molecule should have a large dipole
moment, butin fact the molecule has a small dipole moment (0.112D).

c’—d"

Structure of the Carbon Dioxide

v Carbon dioxide exists in the gaseous state as
linear molecules. The observed C—O bond distance is
115 pm and is in agreement with the structure shown.
Solid CO, has a face-centered cubic structure. Being N\
linear its dipole moment is zero. ; Skatodiita ot clstérons
3.5.2 Oxides of Silicon
Silicon Dioxide

de, Si0, called silica, is probably the most common and the most important

L]
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compound of silicon. In silica every silicon atom is attached tetrahedrally to four oxygen atoms
and each oxygen atom has two close silicon neighbours.

Vitreous silica possesses the following interesting and useful properties.
High transparency to light.

Very refractory, does not soften below 1500 to 1600°C.

Very low thermal expansion.

Excellent insulator.
Hard, brittle and elastic.
Insoluble inwater and inerts towards many magenu.

=N b B W b=

[t is resistant towards all acids except HE.

Quaru;, the common crystalline form of silicon dioxide, is a hard, brittle, refractor, colourless
solid which differs very markedly from carbon dioxide.

Both carbon and silicon have four electrons in their valence shells and both also form
four covalent bonds. So, why should there be a big difference between CO, and Si0,?

The answer lies in the fact that silicon atoms are much larger than carbon atoms and thus
tend to surround themselves with more oxygen neighbours; silicon forms only single bonds with
oxygen atoms whereas carbon may form double bonds. Carbon, in fact, forms double bonds with
each of the two oxygen atoms to produce a small, symmetrical, linear molecule CO,,which is
volatile and reasonably reactive.

The silicon atom can be approached closely by four oxygen atoms and forms a single
bond with each at tetrahedral angles. This structure can be continued in three dimensions to
produce a continuous giant silicon oxygen network extending out to give the massive silicon
dioxide crystal. ‘

In the interior of the silica network
every silicon atom is bonded tetrahedrally ,@, - '
with four oxygen atoms and every oxygen ,ql —~E 4

atom is bonded to two silicon atoms. The |
overall ratio of silicon to oxygen atoms is | : 2 ;ﬂl o8
and the simplest formula for silica therefore
is 8i0,. The silicon oxygen bonds are strong
and keep the atoms firmly in place. :
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have all their valence forces satisfied, as is shown by the high surface activity of silica.

In each of the various crystalline forms of silica, there is a special pattern which i==
repeated throughout the crystal in a regular definite crystal lattice. The regular tetrahedra
arrangement of four oxygen atoms around each silicon persists in each crystalline form but the
Si-0-Si bond angles and the rotation about each Si—O bond are different in the differenus
polymorphic species.

When crystalline silica is heated sufficiently it melts to give a viscous liquid having 2
random structure, presumably with the silicon atoms still on the average close to four oxygenm
atoms and the oxygen atoms close to two silicon atoms. When this liquid silica is cooled it does=
not crystallize readily, but usually it under supercools tremendously and eventually becomes—
rigid without having undergone orientation into a regular crystal pattern. This rigid, highly under
supercooled liquid is called vitreous silica or silica glass (frequently incorrectly referred to as
fused quartz).

3.5.3 Silicates and their Uses
The compounds derived from silicic acids are termed as silicates.
1. Sodium silicate, Na, SiO,
This is a sodium salt of metasilicic acid H,SiO, It is known as water glass or soluble

glass. It is prepared by fusing sodium carbonate with pure sand. The process is carried out in a
furnace called reverberatory furnace.

Na,CO;+ 8510, —— Na 510, + CO,p

Sodium silicate

Properties:

Sodium silicate is soluble in water and its solution is strongly alkaline due to the
hydrolysis.

Chemical Garden
A Wﬂmmmlﬁﬂdm , ferrous sulphate, copper sulphate
\’mm o m‘m"fmmﬂm’pmdmu very beautiful

Mﬁﬂﬂ'ﬁm‘lmwm
Uses of Sodium Silicate:
] Itis used as afiller forsoap in soap industry.

2. Itis usedin textile as a fire proof agents,
3 Itis used as furniture polish.

4.  Itisalsousedincalico printing.

2: Aluminium Silicate

Many important silicate rocks contain aluminium. The weathering of these rocks results
in the disintegration of the complex silicates which they contain. The boiling and freezing f
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water in the rocks, and the chemical action of water and carbon dioxide convert these compounds

into potassium carbonate, sand and clay. The following reaction explains the weathering of
potassium feldspar.

K,0.AL0,.68i0, (s) + H,CO, tag) + H,O (1 — K,CO, i5) +4Si0, (5) + ALO,(Si0,),.2H,0 (5}

Pure clay, which has the formula shown above, is white and is called kaolin, It is used to
make porcelain and china wares. Ordinary clay contains compounds of iron and other metals and
ithas a yellow or reddish yellow colour.

Impure clays can be more easily fused because they contain oxides of iron, calcium,
magnesium and other metals which form easily fusiable silicates with sand. Such clays are used

to make bricks, tiles, and stonewares. Due to the presence of ferric oxide, the articles of this clay
turn reddish when heated in a kiln.

Stoneware is usually glazed to give it a less porous surface by throwing salt (NaCl) upon
the articles while they are hot. This treatment produces sodium aluminate and sodium aluminium
silicate, which melt readily and cover the entire surface, When the article cools, the covering
solidifies, producing a compact; smooth, waterproof surface. China wares are made from a
mixture of kaolin, bone ash, and feldspar;, the mixture fuses when heated and fills the pores
between the grains ofkaolin.

The use of clay in making pottery and other ceramic articles depends upon the plasticity
of the paste. When soaked in water the clay progressively hydrates, and the paste becomes more
plastic. When the clay is heated the water of hydration is lost, and a hard rock like mass is formed.

3. Talc or Soapstone

The magnesium silicate, Mg,H,(Si0,),, is commonly known as talc or soapstone. It is
physically greasy to touch. Therefore it is used in making cosmetics. It is also used in making
household articles.

4. Asbestos

Asbestos is hydrated calcium magnesium silicate CaMg,(Si0,),. Itis commonly used in -
making incombustible fabrics and hardboard, etc.

3.5.4 Silicones .

The chemistry of silicon is, in many respects, very much like the chemistry of carbon.
Just as carbon forms the compounds carbon dioxide (CO,), carbon tetrachloride (CCl,), and
methane (CH,), similarly silicon forms silicon dioxide (S10,), silicon tetrachloride {SiCIg! Ian:i
silane (SiH,). '

The silicon atom holds four methyl groups, Si(CH;), , justas the carbon atom, C(CH,),. If
a compound of silicon containing chlorine atoms and methyl groups, SiCl,(CH,),, is allowed to
react with water, hydrogen chloride (HCI) comes out, and the silicon ltqmﬁ.l“!ﬂw ..
oXygen atoms. ———- g -
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CH, CH,

H—O—H + Cl—Si—Cl+ H—0—H ——> OH—Si—OH + 2HCl

| |

CH, CH,
(‘?H, TI, Tﬂﬁ (‘?H,
OH— Si—OH + OH—Si—OH —— -0—Si— 0—Si—0- +H,0

| | [

CH, CH, CH, CH,

By this reaction we can make synthetically the silicon oxygen chains found in the
mineral silicates, which we have just been discussing. A difference is that here we have -CH,
groups instead of oxygen atoms joined to silicon as side chains. Such a compound is called a
silicone; this particular one is a methyl silicone. Other alky| groups may also be substituted for
the methyl groups and the molecular chain can be made of various lengths.

Properties and Uses of the Silicones.

Some of the methyl silicones are oily liquids and they become more viscous as the chain
length increases. They are used as lubricants, either incorporated in greases or as oils, in bearings,
gears, etc. They are also used in hydraulic brakes and other hydraulic systems. The outstanding
physical attribute of silicone oil is its very small change in viscosity with change in temperature,
compared with the behaviour of other oils of similar viscosity.

If the temperature is dropped from 100°C to 0°C the viscosity of petroleum oil may
increase about one hundred folds, whereas that of silicone oil will increase less than four folds. In
the presence of air or oxygen at temperature as high as 300°C, silicone oils remain free from acid
formation, oxidation and similar phenomena, which frequently limit the usefulness of petroleum
pmdur:lsmdmhn'synth:tic: organic liquids.

Methyl silicones of high molecular mass resemble rubber and are used in making rubber
like tubing and sheets.

Silicone molecules can be made in such a way that bridges, or cross linkages bind one
long molecule to another at several points along the chain. These compounds have resinous

pri:p&lieundmoxtnmwelyusedm electrical insulation.

Another interesting and important application of silicones is their use in the treatment of
tfnianlmrﬁusihmlkeﬂ:m water repellent. A silicone film covers the surface and repels water
:Muaboflhn luknfﬂuclnmty thmughﬂmmohmﬁlmuncmc electrical
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silicone film.

3.6 SEMICONDUCTORS

A semiconductor is a substance
that has different’ resistances to the
passages of an electric current under silicon
different circumstances. Semiconductors ;
include the elements germanium, 5Y°
selenium and silicon, and the compounds
lead sulphide, silicon carbide, cadmium

sulphide, lead telluride, gallium arsenide
Load

and indium antimonide. (ESiecken o

Semiconductors conduct electricity
better than insulators, but not as well as good
conductors like metals. This gives them their
name, which means “half conductors. " How well they conduct electricity depends upon their
temperature. When a metal is heated, its resistance increases, when a semiconductor is heated its
resistance decreases.

Semiconductors are also sensitive to light. The greater the intensity of the light that
shines on them, the better they conduct electricity. The effects that light and heat energy have on
semiconductors make them extremely useful. They are used in photoelectric cells and in solar
batteries. The electrons of semiconductors do not carry electric current as readily as the electrons
of good electric conductors like metals. However, when the atoms of the material absorb heat or
light, the electrons become less tightly bound to their atoms. They can now conduct electricity.

Another special property of semiconductors is the way they behave when they are joined
to another material, which may be a metal or a different semiconductor. The junction between the
different materials forms a boundary. It allows electricity to pass more properly and is used in
transistors. Transistors are much smaller and less complicated than old fashioned electronic
tubes. They are used in radio, television, computers and calculators.

3.7 USESOFLEAD COMPOUNDSIN PAINTS

Varoius oxides of lead, basic lead carbonate and lead chromate are oummunly used as

Fig. 3.2 A photovoltaic (solar) cell nsing
silicon-based semicondductors

pigments in paints. o u:
1. Lead Suboxide, Pb,0 ..:u

Itis black powder, obtained on heating plumbous oxalate in the absence of air.
IPHC,0,0 ——  Pb0(9+3C0O,m+COE
Pb,0 is decomposed by heat into Pb and PbO. : * "-“
Other than pigment, it is also used in the manufacture of lead: storage ba ' :

2, Lead Monoxide (Litharge, Massicot) PbO
Llﬂmgu varies mmlou:ﬁampnlbyéll:ﬁwiu’ .

.
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existence of two forms, a rhombic (yellow) and a tetragonal (red). [t is slightly soluble in water. It
15 usually used in preparing flint glass and paints. Litharge is used in preparing oils and varnishes.
If litharge is boiled with water and olive oil, lead oleate which is a sticky adhesive mass is formed
and glycerine passes into solution.
3. Triplumbic Tetraoxide, (red lead, minium), Ph,0,

When lead is heated in air al about 340°C, it absorbs oxygen and forms a bright scarlet
crystalline powder of red lead.

3Pbis+ 20, — PbO,

Trplumbic tetraoxide

Itdecomposes at470°C.
2Pb,0,i55 —>  6PbO s+ 0, g

Red lead is used for a variety of purposes. Its principal uses are in the manufacture of
storage batteries, as a pigment in paints applied to steel and iron to retard corrosion, and as an
ingredient in the manufacture of flint glass, matches and ceramic glazes.
4, Lead Dioxide, PbO,

When red lead is treated with concentrated nitric acid , it is decomposed into lead nitrate
and lead dioxide.

Pb,0, (5) +4HNO, sy —>  2Pb(NO,), (s) + PbO, () + 2H,0

Lead dioxide is a reddish brown powder. It is not very soluble in water, but it does
dissolve in alkaline water to yield soluble plumbates. It is not affected by dilute acids.
5 White Lead

Basic lead carbonate 2PbCO,.Pb(OH), is an amorphous white pigment. It mixes readily
with linseed oil and has a good covering power. If improperly prepared, it becomes crystalline
and its covering power is reduced.

White lead is not suitable for use as a good pigment since it is darkened by the hydrogen
sulphide which is frequently present in the atmosphere.
6. Lead Chromate (PbCrO,) ;

It is used as a pigment under the name of chrome yellow, Orange or red basic lead

chromates are formed when lead chromate is boiled with dilute alkali hydroxide and are used as
pigments. The stable yellow modification of lead chromate is monoclinic. Mixture of lead

chromate with lead sulphate orbarium sulphate are also used as yellow pigments.
KEY POINTS

I Boron occurs in traces and has been found to be important for the growth of many plants.
2. Borax (N2,B,0,:10H,0), colemanite (Cs,B,0,,,5H,0), orthoboric acid (H,BO) are the

3. Aluminium, after oxygen and silicon, is the third most abundant element in the earth's
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10.

11l.

12.
13.
14.

A mnaﬁhsunoe&m‘rhas"

crust. Feldspar (K,0.Al,0,.65i0,), corundum (Al,0,), bauxite (Al,0,.2H,0) and
cryolite (Na,AlF,) are the common minerals of aluminium.

The pair of outermost electrons that does not readily take part in chemical combination is
termed as inert pair.

When heated, borax fuses, loses water of crystallization and swells up into a white
porous mass. [tis employed in borax bead test for identification of coloured salts.

When a hot concentrated solution of borax is treated with a calculated quantity of cone.
H,S0,, on cooling crystals of boric acid are produced.

When aluminium is burnt in oxygen a brilliant light is produced.

The electronic configuration of group [VA elements shows that they have four electrons
in their valence shells, two of which are in s-orbital and the remaining two are in
p-orbitals.

Feldspar, potash mica and zircon are the famous minerals of silicon.

Silica has a net work structure in which cvery silicon atom is bonded tetrahedrally to four
oxygen atoms and every oxygen atom is bonded to two silicon atoms..

Sodium silicate, aluminium silicate, tale and asbestos are commercially important
compounds of silicon and oxygen called silicates.

Methyl silicones can be used as lubricants and for water proofing.
Semiconductors conduct electricity better than insulators. They are also light sensitive,
Oxides of lead are used as pigments.
EXERCISE
Fill in the blanks.
acid has the chemical formula HBO,. .
Aluminium normally occurs as minerals found in the rocks of outer

portion of the earth.
Aluminium gives gas with hot concentrated H,SO,.
Boron forms bond in its compounds.

The chemical formula of white lead is

is the only element with less than four e!nclrons in the outer
that is not a metal. Y
In the Group TIIA of the periodic tablé ________isa semi-metal.
Borax that occurs as a natural deposit, is called )
Cryolite is an important mineral of aluminium an

uluctuc curmjtunder dlﬂ'mnt irc
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Q.2. Indicate True Or False
i} = Boron always uses all the three of its valence eletrons for bonding purposcs.
ii)  Diasporeisanore of carbon.
iii) Emerald is an ore of aluminium that has the chemical formula Al,0,:2Si0,- 2H,0.
iv)  Anaqueous solution of borax is feebly acidic in nature.
v) In case of borax bead test, of cupric oxide, the beads are coloured blue in the
reducing flame.
vi)  Boric acid can be titrated with sodium hydroxide.
vii)  Carbon and silicon are the only non-metals in Group IVA.
viii)  PbO is commonly known as litharge.
. ix) Basic lead carbonate is a reddish brown pigment.
E x) Aluminium oxide (AL0,) is also called bauxite.
: . Q3.  Multiplechoicequestions. Encircle the correctanswer.
| i) Which metal is used in the thermite process because of its reactivity:
(a) Iron (b)  Copper (c) Aluminium (d) Zinc
ii) Aluminium oxide is:
(a) acidicoxide (b) basicoxide (c) amphotericoxide (d) noneofthese
iii)  Chemical composition of colemanite is :
@  CaB0,SHO ()  CaB0,4H,0

: ¢)  NeBO,4HO (d) ~ CaNaB,0,8H,0
J _iv)  Whichelement formsanion with charge +3:
. : [g] Beryllium (b) Aluminium  (c) Carbon - (d) Silicon

i’j ‘e MdmmcmnﬁmWhmﬂmmtuf&wp-HMofﬂw periodic

(b)  1s',2s'2p 35’ 3p'ds’

. @ 1s',25",2p"35",3p’

ongs to Group IVA of the periodic table? 4

L () Lead (d) Oxygen




Chm.l'.my.!ﬂ'! A

X)

Q.4
Q. 5.

Q.6.
Q.7.

Q.8.
Q.9.

Q. 10.
Q. 11.
Q.12.
Q.13.
Q. 14.
Q. 15.

Q. 16.

Q.17.

Q.18.

Q.19.

Q.20.

The chiefore of aluminium is:
(a) Na,AlF, (b) ALO,2HO (c) ALDQ, (d) Al,O,H,0

What is the action of an aqueous solution of borax on litmus? )

Give equations to represent the following reactions.

(a) Borax is heated with Ca0. (b) Al,0, is heated with NaOH solution.
Why is aluminium not found as a free element? Explain the chemistry ofborax bead test.
How does orthoboric acid react with:

(a) Sodium hydroxide (b) Ethyl alcohol

How will you convert boric acid into borax and vice versa?

Why are liquid silicones preferred over ordinary organic lubricants?
Explain:

(a) CO, is non-polar in nature. (b) CO, isacidicin character.
Why is CO, a gasat room temperature while Si0O, is a solid?

Give the names and the formulas of different acids of boron.

What is the importance of oxides of lead in paints?

Give the names, electronic configurations and occurrence of Group-I11A elements of the
periodic table.

Discuss the peculiar behaviodr of boron with respect to the other members of

Group- [1IAclements.

(a) Whatis borax?

(b) Describe its commercial preparation.

(<) Qutline the principal uses of borax. - -
(d) How does borax serve as a water softening agent? ,
(a) What is boric acid? / -
(b) How is boric acid prepared in laboratory? o o =
(c) Give properties and uses of boric acid. ‘ y

(a) Give the names alongwith the formulas of three impo: an
(b) How and under what conditions dmahmimmmwtm th
i) Oxygen i) Hydrogen iii) Halogens iv) Acids
Give the names, electronic configurations and occurrence of Gre
periodic table. 2

Discuss the peculiar behaviour of carbon with W {
Gmup-l\fh ofthe penud:t: tnbla :

@
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CHAPTER

4

GROUP VA AND
GROUP VIA ELEMENTS

In this chapter you will learn

l. The names, electronic configuration and general characteristics of group VA and VIA

clements.
2. The preparation and properties of oxides and oxyacids of nitrogen, phosphorus and
halides of phosphorus.
3 Comparison of’ pl;op'cﬂics of oxygen and sulphur.
4. The manufacture, properties and uses of sulphuric acid.
GROUPVAELEMENTS

4.1 INTRODUCTION

~ The elements of group VA of the periodic table comprise nitrogen, phosphorus, arsenic

- antimony and bismuth. .
Table 4.1 Electronic Configurations and Physical Properties of Group VA Elements
- Properties N : P As Sb Bi
tomic number 7 15 33 51 &3
Electronicconfiguration | [He]2s'2p’ | [NeJ3s'3p® [[Ar)3d"as'ap’|[Krjad"ss'sp’ [Xe]5d"6s'6p’
Physical appearance Colourless Black Metallic Metallic Metallic
gas - solid solid sohd solid
Ionization energy (kJ/mol) 1402 1012 947 834 703
Electron affinity (ki/mol) 7 < 77 -101 -110
Electronegativity 3.0 2.1 2.0 1.9 1.9
Atomic radius(pm) 75 110 120 140 150
Ionic radius of 3" ion (pm) 146 212 222 245
44.1 816 631 271
280 615 1587 1564
. 1.82 578 6.70 9.8
+3, +5 +3, +5 +3, 45 +3,+5
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4.1.1 General Characteristics

Nitrogen and phosphorus of group VA show the typical properties of non-metals. For
example, they are poor conductors of heat and electricity and give acidic oxides. Their
compounds are predominantly covalent. Arsenic and antimony are metalloids. However bismuth
at the bottom of the group shows definite metallic properties. The metallic character increases
going down the group. Nitrogen has the greatest tendency to attract the electrons, antimony and
bismuth have the least. The trend down the group also shifts from covalent bonding to ionic
bonding. Phosphorus, arsenic and antimony have allotropes. Allotropes of phosphorus, i.e., red .
and white phosphorus are more important.

Phosphorus and other members of the group can make use of d orbitals in their bonding.
This is because the energy of these orbitals is not much greater than those of the other valence
shell orbitals. For example, phosphorus can make use of its 3s, 3p and the empty 3d orbitals
during bonding with other elements.

In phosphorus one of the 3s electrons can be promoted to a vacant 3d orbital giving 5
unpaired electrons in the valence shell. Phosphorus can thus make three or five covalent bonds.
Indeed three and five are the common valencies of the group VA elements.

4.2 NITROGENANDITS COMPOUNDS

4.2.1 Occurrence

Nitrogen is present in free state in air as a major constituent (78% by volume). It is an
inactive gas in comparison with oxygen which is the next major constituent of air. Inorganic
compounds of nitrogen are not commonly found as minerals.

In combined state nitrogen is found in all living matter including, animals and plants in
the form of proteins, urea and amino acids.

4.2.2 Oxides of Nitrogen

Nitrogen forms several oxides with oxygen. Common o:udu of mtmgen are N,O, NO

and NO,. Italso forms N,O, and N,O,.

[N=N=0 <> N=N— 0]
Dinitrogen Oxide, N,0 :

N=0,
Nitrogen Oxide, NO
(Nitric oxide)
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1 Dinitrogen Oxide (N,0)
Preparation
13 Dinitrogen oxide can be prepared by the action of dil, HNO,, on metallic zinc.
4Zns) +H10HNO, @ity —— 4Zn(NO,), (aq)+ N, 0@+ 5H,0n
2} Itis usually prepared by heating ammonium nitrate to about 200°C.
NHNO,s) —— N,Ow+2H,0w)
To avoid the danger of explosion, ammonium nitrate can be replaced by a mixture of
sodium nitrate and ammonium sulphate.
Properties of Dinitrogen Oxide
Dlmtmgsn oxide is a colourless gas with a faint, pleasant smell and a sweetish taste. It is
fairly soluble in cold water, Its mixture with a little oxygen, if inhaled for a sufficiently long time,
produces hysterical laughter, hence itis also known as “laughing gas”.
Reactions
1.  Itisnotcombustible but resembles oxygen in rekindling a glowing splinter. Similarly, it
supports combustion if burning substances, such as sulphur, phosphorus, etc. are taken
in the cylinder containing this gas.
S®+2N,0@ —— SO, +2N,m
P.»+ION,O@m — PO,,=+10N,wp
2.  WhenN,0 is passed overred hot copper, itis reduced to nitrogen.
Cu+N,Om — CuO+N, )
‘Nitrogen Oxide (NO)

oxide can be prepared by the action of il HNO, on copper
: _{m —  3Cu(NO,), (ag)+2NO () +4H,0 (1)
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2NO@+Cl,0 —> 2NOCl@
4, It forms a brown coloured addition compound with FeSO,.This test is used to confirm
the presence of nitrates (Ring Test).
4Fe50, (o) + NO (g — FeSO,.NOaqg)
3. With reducing agents, it is reduced to nitrous oxide or nitrogen.
2H,S () +2NO (g — H,0(g)+N,0g)+S (s)
2ZH, S0, + 2NOwy —— H,S0, tag) + N,O (g}
6. Oxidizing agents can oxidize NO to NO, or HNO,.
2ZHNO, (aq)+NO (@@ —— H,0(n+3NO, (g
6KMnO,aq)+ 12H,80(aq)+ 10NO (g —>  6KHSO,(aq)+ 6MnSO,(aq) + |0HNO,(aq) +4H,0(0)
Nitrogen Dioxide (NO,)
Preparation
1. It can be prepared in small quantities by heating lead nitrate.
2Pb(NO,),s5 —— 2PbO(5)+4NO, i+ 0,
2. It can also be prepared by reacting conc. HNO, with copper.
Cus)t4HNO, (conc) —=  Cu(NO,), (aq+2H,0 6+ 2NO, (g)
Properties of Nitrogen Dioxide
Nitrogen dioxide is a reddish brown gas with a pungent smell. It dissolves readily in
“water to form a blue acidic solution.
Reactions

1. On cooling, NO, is converted into a yellow liquid which can be frozen to a colourless.

solid dinitrogen tetraoxide (N,0,). If this solid is heated to 140°C, the mixture contains

NO, and N,0, but at above 140°C, Nﬂ,mcunvenodtuﬂﬂ mdo,muhmﬂuwmehm_

colourless: 'I'hlsdcmmwsmoms completeatﬁ!ﬂ“c =
No, (g — NO,9) —> N,0,() S END,W ..,—_—1 2NO(g + ﬂ;lﬂ
Pale yellow Colaarless Reddishbrown ~ Colourless '

2 Elements like phosphorus, potassium and carbon mnhnuehunlﬁ"ﬁlw,giﬁiﬂuﬂ), j
on decomposition. x- o i E

INO, w1 — 2NO @ +0,1m
2P + SND,m — PO.{:}+5ND{;}
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i 2NaOH (aq) +2NO,im  ——  NaNO,(ag)+ NaNO, g+ H,0n
¢ 2KOH (aqt +2NO; () ——>  KNO, (aq)+KNO, tag) + H,O' (1)
.:; 5. It is a strong uxl;ilzmg agent and oxidizes H,S to sulphur, ferrous sulphate to ferric
' sulphateand KItol,.

H;Sg+NO, i) —  H,O0(n+S=+NOg
2FeSO0, (sq) + H,S0, (ag) + NO, (g) —>  Fe,(SO,), (aqy+ H,0 (1 +NO ()
2K (aqy+2NO, () —— 2KNO, aq)+ 1, (5

4.2.3 Oxyacidsof Nitrogen

¥ Thm‘ean: two important oxyacids of nitrogen, nitrous acid and nitric acid.
| &

. y - : O:
il i A - 0z + =5
| 5 Hes 0.
1l i ] a () (1] - ) tD:
. Nitr Sapacid (HNO,) Nitric acid (HNO,)

1.  NitrousAcid (HNO,)
Preparation
1. Itcan be prepared by dissolving dinitrogen trioxide in water at 0°C.
© NO,@+H,0( —> 2HNO,q
2. Pure nitrous acid solution can be prepared by reaction between ice cold barium nitrite
solution and ice cold dilute sulphuric acid.
e~ ‘*Mﬂmquwﬁ SO,e) —> BaSO, o+ 2HNO,

@*’ ¥ & . 3
m;mﬂ‘ﬂl% formofm,sﬂtsmdm mbletummeextentm adilute solution.
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HNO, (sg) + Br, faq)+ HO (1) —— HNO, (ag)+ 2HBr (ag)

4, As an acid it reacts with alkalies producing salts.

NaOH g+ HNO, 10y —— NaNO, tagy+ H,O 1)
5. Italso reacts with organic compounds containing NH, group and produces nitrogen.

2ZHNO, (aq) + SD[NH,],!uq: — 2N, @+ CO,+3H,0w) i

rea
HNO, gy + CHNH oy —  CHOH@+ Ny +H,0)
Aminobenscne Fhenol

Nitric Acid (HNO,)
Preparation

In the laboratory, nitric acid is prepared by heating potassium nitrate crystals with
concentrated sulphuricacid.

KNO, 5+ HSOytcanc). —> KHSO, (sq) + HNO, sq)

Manufacture of Nitric Acid Birkeland and Eyde's process
This process consists of the following steps:

(i)

(1)

Formation of nitric oxide

Atmospheric niu:ngen and oxygen are combined to give nitric oxide in an electric arc

(3000°C). : ' '
Ny@+0, 2C, 2NO

NO formed is cooled quickly to 1000°C atwhich it does not decompose.

At 600°C, NO combines with O, to form NO,.
INO (g +G=Eg] 600, 2NO, g

y

= RgR THh PR R IR B

..Eitﬁi-z; e
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(1)

(1v)

—— - o .

Niungmdimiﬁaisahsorbedinwntertngivedilutel-ﬂlﬂ,almgwithni&ma:id.
2NO, g+ H,0() —— HNO,(aq) + HNO, (ag)
Nitrous acid is oxidized to nitric acid and nitric oxide which is re-oxidized to NO,.
JHNO, g —— HNO,aq) +2MO @+ H,O0qn

Properties of Nitric Acid

Concentrated nitric acid is a colourless volatile liquid which fumes strongly in air. It has

apungent smell, Its specific gravity at 15°Cis 1.53.

Reactions

(i)

(i1)

(iii)

Nitric acid is decomposed in the presence of light even at ordinary temperature.

AHNE o) —  2H,0in+4NO,ip+ O,

It is a very strong acid. It exhibits all the usual general properties of acids in all reactions

where its oxidizing properties are not shown. It reacts in normal way with basic oxides,

hydroxides and carbonates forming respective salts.

FHNO, iy + Cal My »  H.O i+ CalNO), g

HNO, (sq)+ NaOH ahd) £—> H,O 1)+ NaNO, ()

IHUNO, sy + Na,CO, A 2NaNOup+ HO+ COup

It acts as a strong oxidizing agent due to the ease with which it is decomposed.

HNO, sy —H, 01 +2NO, [ [O] ()

It oxidizes non-metals to their corresponding oxides.

Cis+4HNO, (conc) —>  CO, 4O +2H,0(0

S )+ OHNO, jconc.) o 2H,0 i+ 6NO g + 2H,50, (aq)

SHNO, (agy+ Pis) —3 H,PO, taqy+ H,0 (1 SNO, (o)

Metalloids like arsenic and antimony can be oxidized to their corresponding acids.

Asis)+SHNO, (s —— H,ASO, s+ SNO, (g} HH.@ 0
Sh+ SHNO, (sgg ——  H,SbO, (aqy+ INO; (2} + H.C

Nitric acid behaves differently with different metals.

(a) Gold, platinum, iridium and titanium do not react.

(b) Iron, cobalt, nickel, chromium, aluminium are rendered passive by acid due to
the formation of a film of their oxides over them .

(c) Tungsten and uranium are changed into their oxides.

(d) Magnesium, calcium and manganese give hydrogen with dilute nitric acid.
Mg (si +2HNO, @ity — Mg (NO,), (aq) + H; (sg)
Mn (s} + ZHNO, @din —— Mn (NO,), a0+ H, ()

(e) Copper and lead give nitric oxide with dilute acid and nitrogen dioxide with
concentrated acid.
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3Cus)+ BHNO, (il — 3Cu(NO,), (aq)+2NO g +4H,01n
Cu sy +4HNO, (cone.) — Cu(NO,), (aqi+2ZNO, (g1 +2H,01n)
(f) Mercury gives mercurous nitrate and nitric oxide with dilute nitric acid.
6Hg 1+ BHNO, il ——  3Hg,(NO,), (aq)+2NO (g) +4H,0 (1)
With concentrated acid, it gives mercuric nitrate and nitrogen dioxide.
Hg(+4HNO,fconc) —— Hg(NO,), (aq)+2NO, g1 +2H,09)
(g) Silver reacts with nitric acid to give silver nitrate and nitric oxide.
JAg (s +4HNO, (ag) ——  3AgNO,aqg+NO@+2H,0n
(h) ~ Dilute nitric acid gives ammonium nitrate, when it reacts 'mth tin. With
concentrated acid meta-stannic acid is produced.

45n(s) +10HNO, i) —— 45n(NO,),(aq)+NH,NO,@aq+3H,0(n
Snis)+HNO,cone) —  H,SnO,(aq) +4NO, (g + H,O 1)

(i) Zinc gives different products depending upon the concentration of acid and
temperature. Very dilute nitric acid gives NH,NO,. Moderately dilute nitric acid
gives nitrous oxide while concentrated nitric acid gives NO,.
4Zn(s)+10HNOwdily —— 4Zn(NO,),(sq) + NHNO,(aq)+3H,0 (1)
4Zn s+ 10HNO, ity ——  4Zn(NO,), (s + N, 0@+ 5H,0 0
Zn(s)+4HNO(cone) —— Zn(NO,),q) +2NO,@+2H,0()

4 Reducing agents like FeSO,, H,S and HI are converted to Fe,(SO,),, S and I, respectively,
when they react with conc. HNO,
6FeS0, (ag) +3H,S0, (agqy + ZHNO, (conc)——3 Fe,(S0,), tap + 2NO)+4H, 00
2HNO, (conse.)+ 3H,S (9 — 4H,0 (0 +2NO (g)+35 s
6HI (aq)+2HNO, (conc) ——> 4H,0(n+2NO m+311{s}
5 Aqua Regia
When one volume of concentrated HNO, is mixed with 3 volumes of mnnentrlted HCI,

aqua regia is formed. It is employed to dissolve gold and platinum. S5
HNO, (cone)+ 3IHCI (a) — NOCI (agF Cl, ) +2H,0 (1) g -r' \ \‘:.
NOCI formed is decomposed giving NO and Cl,. — 4 R}

'NOCl(ag) —> NO@+[Cl]@
This liberated chlmmmm “thwmhuguldmd“
water soluble chlorides. :
Au@+3[Cl]eg —> AuCl,q) £ i
6.  Nitric acid reacts with glycerine, toluene and phenol
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in the manufacture of nitrogen fertilizers.
in the manufacture of explosives.
for making vamishes and organic dyes.
43 PHOSPHORUSANDITS COMPOUNDS
4.3.1 Occurrence
Phosphorus is the second member of group VA. lts name comes from Greek word
meaning “Light bearing”..Unlike, nitrogen it docs not oceur in frec state in nature. Most of the
phosphorus is found in deposits of phosphaterock, i.e., impure Ca,(PO,), and apatite Ca,F(PO,),.

S

As a constituent of plant and animal tissues, it is essential for their normal growth. It
occurs especially in seeds, the yolk of eggs, the nerves, brain and bone marrows, usually in the

. form of lecithins. In the form of calcium phosphate, it is an essential constituent of bones. Bone

ash (80% calcium phosphate) is an important source of phosphorus.

+ 43.2 Allotropes of Phosphorus

Phosphorus can exist in at least six different solid allotropic forms, of which we will
mention only three.

White phosphorus is a very reactive, poisonous, volatile,
waxy, )rnllowi.sh white substance, which is soluble in benzene

‘and urbon disulphide. It exists in the form of tetraatomic

molecules (P,) which have a tetrahedral structure, Fig. 4.3. It
boils at 280°C to P, vapours which dissociate above 700°C to  Fig4.3 White phosphorus

form P, molecules. Red phosphorus is much less reactive and less poisonous than white

phmphms. It is. prepa.rod by heating white phosphorus in the presence of a little iodine or

mllph_ur as. a mtaljst npto 251]“0 in vacuum. The tetraatomic molecules of red phosphorus
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CO, and current of dried chlorine is passed over it. The vapours of PCI, are collected ina
flask kept in an ice-bath.

WMa+ 30,y — 2PCl
2. [t may also be prepared by the action of phosphorus with thionyl chloride.
2P5)+4S0C1, () —> 2PCl,(n+2S0,(e+S,Cl, )
Properties of Phosphorus Trichloride '
Itis a colourless fuming liquid which boils at 76°C and freezesat—112°C.

Reactions

1. It combines with chlorine to form phosphorus pentachloride
PCIS s _f.‘l,:g: — PCl,is)
2 [t combines with atmospheric oxygen slowly to form phosphorus uxychluridm

2BPC1, )+ Oy —— 2POC] ;13)
3. Itis soluble in organic solvents, but readily reacts with water to form phuarphorusamd.
PC1,n+3H,01) ——+H,PO,(ag)+3HCI (aq)

4 It reacts with alcohols and carboxylic acids forming the respective chloro derivatives
and H,PO,,

3CH,OHn+ PCl,1) — 3CH,Cl)+H,PO, 1)
3CH,COOH () +PCl, (1) —> 3CH,COCI ¢/ +H,PO, (1)
Phosphorus Pentachloride (PC1,)
Preparation y
1. By passing dry chlorine through phosphorus trichloride.
PCLin+Clyign —— PClgis)
2! It may alsnbel:mparedbypassmgdrychlonnum a well cooled solution ofpmmu

in carbon disulphide. '

2P (1) +5C1, (9 — 2PCl,s) a7 4 Yy iy
Properties of Phophorus Pentachloride ] - '
L. 1::sayeuomshwhnecrysnihnesnhdwmcasuhhmmtqbout1%5@

moist air withanirritatingsmell. 1 oAb TS
Reactions - P

1. Itdecmnpomunhmhngpmdumngmlgandch]m st i S
PC1,5 — PCLin+Cle - - : -
2. X g 1] ( -. y* _--. ] orming pl n . Ky w i '-.'. _-.-;"_-,,I'_-:.;._.

FCL-.I:]-PH;ﬂ[ﬁ_ * _.;
l’ugl,un’r‘-’rli;ﬂm S=FPe
pcl,;,w#}{,é"ﬂ; -

g J =

¥ e o
. . —t‘f"l |
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3. Itconverts metals into their chlorides.
Znm+PClisy —— ZnCl,in + PClyn

4.3.4 Oxidesof Phosphorus
Phosphorus Trioxide, P,O,(P,0,)

. Preparation

1. P,O, can be prepared by bumning white phosphorus in a limited supply of air.
P,+30, - — 2P,0,09°

Pmpemu of Phoshorus Trioxide
Itis a white waxy solid with garlic like odour. It melts at 22.8°C and boils at 173°C. Itis °

ﬁighlypﬁ‘iaunuus in nature.

Rencﬁunscﬁ
1k Whmﬂéntqd in the presence of air or oxygen, itis converted into phosphorus pentoxide.

PO LVaMS — PO,
2! Itreacts with midwatm'tn give phosphorus acid.

" P,0,®+3H,00) —> 2H,PO, ()

'With hot water, it forms phosphine and phosphoric acid.

' 2P0, +6H,0() —> 31'13?0. {ag)+PH, (g)
-‘Phniphoms Pentoxide, PO, or F 0,
ration
Itlsprepmudbyl:urnmg phusphonls mexnmss ofdry air.




Group VA and Group VIA Elements : 3 ] l

2CH,COOH (ag)+ POy ) ——  (CH,CO),0 114 2HPO, (sq)

St anbinsirske
CHOH+P,0,90 —> C;H,(g+2HPO, (sq)
4.3.5 Oxyacidsof Phosphorus
Phosphorus Acid (H,PO,)
Preparation
. Itis prepared by dissolving phosphorus trioxide in cold water.
P,0,+3H,00n —— 2H,PO,(aq)
2. Itis also obtained by the hydrolysis of phosphorus trichlonide.
PCl,m+4H,01n —— H,PO,(aq+3HCI (ag)
l"rnpcrilir:«. ol Phosphorus Acid
Itis a white crystalline solid, which melts at 73.6°C.
Reactions
1. [t decomposes into phosphine and orthophosphoric acid on heating.
4H,PO, (s ——» 3H,PO, (sq) + PH, (g)
2. Itisa powerful reducing agentand reduces CuSO,, AgNO,, etc. to the metallic sﬁtﬁ.
H,PO, (5 + CuSO, (ag) + H,O (1h —— 3H,PO, a1+ H,SO, (ag +Cus)
H,PO, s)+2AgNO, (aq) + 2NH,OH (ag) — H,PO, (aq) + 2NH,NO, (ag)+ H D{fﬁmm

. Itreactsw:thuxygentnfnrmorthuphusphuncamd 3 ¥ - ._F:. ~
2H,PO, s)+0,(g) —> 2H,PO, (5 3 : , ' b o
4, Nascenthydrogen produced by Zn/HCl reduces H,PO, to phosphine " _“q b
H,PO, (s) +6[H] (@ — PH,@+3H,0() , | : ' “'1;4 A 1
Orthophosyhoric Acid (H,PO,) e "*!I

Preparation ; J :
1. Itis prepared by dissolving phosphorus pentoxide in hotwaler;" i
PO, +3HOW —> 2H,PO, @) Jf 4

2. Rwulsuohﬁmedbyhmhngmdphosphmwﬂh ncentrate

P(s)+ SHNO, (conc) —  H,PO, {uq1+5N0,;g}+H;6m s

3. Hydrolysis of phmphoms penhchlnn&ealso E!"’H o1 rt ol
PCl s +4H,0(0 —> HPOeq+5HCI g

On Iargescnle.ltcmbepregﬂed hﬁ
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Properties of Orthophosphoric Acid
Itis a colourless, deliquescent crystalline solid which melts at 41°C. It is soluble in water.

Reactions

1 Itis a weak tribasic acid. It reacts with NaOH to give three series of salts.
i “H,PO, (a3) + NaOH (aq) —  NaH,PO,(x)+H,0 )

ii. Nall,PO o+ NaOH g ——  Na,HPO, tap+ H,0
1il. Na,HPO, )+ NaOHegg ——  Na,PO,aq+H,01)

2. On heating, it loses water and converted into pyro and metaphosphoric acid.
2H,PO, 2z, HPO, -5 2HPO,
Orthophosphoric I Pyrophosphoric Metaphosphoric

acid acid acid
GROUPVIAELEMENTS

44  Group VIAElements
The group VIA of the periodic table consists of oxygen, sulphur, selenium, tellurium and
polonium. These elements are called chalcogens from the Greek for “copper giver”, because they
are often found in copper ores. The electronic configuration and physical properties of group VIA
elements are shown in Table 4.2.

Table 4.2 Electronic Configuration and Physical Properties of Group VIA Elements

0.7 3. S Se Te Po

8 16 34 52 84
Electronic configuration [He]2s2p' | [NeJ3s'3p' | [Ards'p’ | [Kr)ss'sp' | [Xe]6s'6p'
Tonization energy (k}/mol) 1314 999 941 869 813
Electron affinity (kJ/mol) -141.1 -200.42 -195 -183 -180
Electronegativity : 3.5 2.5 24 2.1 2.0
Atomic radius(pm) 73 103 119 142 168
Ionic radius 2-ion (pm) 140 184 198 221 94
Melting points (°C) 219 113 217 452 254
Boilingpoints(°C) -183 444.6 685 990 962
Density (g/cm’) || 0.00143 2.06 4.28 6.25 9.14
4.4.1 General Characteristics

All the elements of group VIA are non-metals except Po which is a radioactive metal.
Atomic radii, density, melting and boiling points generally increase with increase in atomic
number down the group. lonization energies of the group members are very high which shows
their reluctance to lose electrons. Oxygen is the most electronegative element after fluorine. All
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these elements show the property of allotropy. Oxygen has two allotropic forms (O, and O,),
sulphur has 3(a, B, ¥), Se has two (red and grey), Te has two (metallic and non-metallic).

They also show the property of catenation. This property decreases down the group. All
the elements are polymeric in nature (they form poly-atomic molecules). They attain the
electronic configuration of the nearest noble gas by gaining 2 electrons forming O*, S*, Se™, ete.
Except oxygen the other members of the group show a covalency of +2 ,+4, and +6, for example,
SCl,, SCl,, SCI,. +2 oxidation state is shown due to 2 unpaired electrons in the p-orbitals, +4
oxidation state is shawn when 1 electron from p-orbilal is promoted to the next vacant d-orbital,
while + 6 oxidation state is shown when another electron from s-orbital is also promoted to the
next vacant d-orbital.

4.4.2 Occurrence

Oxygen is the most widely distributed and common of all the elements, comprising
about 50% of the earth's crust. About one-fourth of the atmospheric air by weight consists of free
oxygen and water contains nearly 89% of combined oxygen.

The calcium carbonate which occurs as chalk, limestone, marble etc, contains 48%
oxygen. Silica which is found in flint, quartz, etc, contains more than 53% oxygen by weight.

Sulphur is also widely distributed in nature both as free and in combined forms. Many
important metallic ores are sulphides, e.g, galena (PbS), Zinc blende (ZnS), cinnabar (HgS),
stibnite (Sb,S,), copper pyrite (Cu,S.Fe,S,), iron pyrite (FeS,), etc. Some important sulphates are
also found in nature, e.g. gypsum (CaS0,), heavy spar (BaS0,), etc

Sulphur also occurs in organic compounds present in animals and vegetables. Onions,
garlic, mustard, hair, many oils, eggs and proteins consist of compounds containing sulphur in
them. It also occurs as a constituent of coal and petroleum.

4.4.3 Comparison of Oxygen and Sulphur

Similarities:

1. Both oxygen and sulphur have same outer electronic cunﬁgﬂfﬁﬁﬁrﬁ‘ﬁfns’np‘.'

2 Both oxygen and sulphur are usually divalent. :

3 Both oxygen and sulphur exhibit allotropic forms.
4

Both have polyatomic molecules. Oxygen has diatomic O,, while mdphm‘ﬁtﬁ.“i’nﬁﬁ 4

molecules. . . bapdie .,,_ )
5. Bnﬂlcﬁmhmemthmtalsmthefunnuf(l" andS"mthoxldnhmm-z. w
6 Both combine with non-metals and furm mvnlentmmpmmﬂsﬂ,%ﬂiu s - .
and C5, ,etc. j e
: Boﬂim‘ctypi‘nalnun—meﬂts Fo0 W LAAE SRS S el
. Bothare foundinfrecardcombinedsa tesoearth, e

A0 L S --J*nlWﬁ‘ﬂﬂtq ]
et (AR & I.LL--lqu 5!"-’.!-“!‘ <




170l Chemistry XIT

Dissimilarities:
Sr.# Oxygen Sulphur
I. |There are two allotropic forms of|There are 3 allotropic forms of sulphur, rhombic,
Oxygen-0,and O, monoclinic and plastic.
2. |Itisgasatordinary temperature. Itis solid at ordinary temperature.

3. |Oxygen is sparingly soluble in water. | Sulphur is not soluble in water.

4. |Oxygen helps in combustion. Sulphur is itself combustible.

5. |Itis paramagnetic in nature. It is diamagnetic in nature.

6. |Itdoesnotreact with water. When steam is passed through boiling sulphur a little
hydrogen sulphide and sulphur dioxide are formed.

7. |Itdoes not react with acids. Itis readily oxidized by conc. sulphuric acid or nitric acid.

8. |Itdoes notreact with alkalies, It reacts with alkali solution and forms sulphides and
thiosulphate,

9. It '_a'huws -2 oxidation state. [t shows oxidation states of -2, +2, +4 and +6.

45 SULPHURICACID(H,SO,)

Sulphuric acid was first prepared by a Muslim scientist Jabir bin Hayyan in 8th century.
In Europe, in 14* and 15" centuries, its preparation on commercial level was started due to the
awareness of its properties and uses. [t was called “oil of vitriol”.

It does not occur as such in nature, however, small quantities of H,SO, are found in the
waters of some springs and rivers. E
4.5.1 Manufacture of Sulphuric Acid ;

Sulphuric acid is being manufactured commonly by contact process.

Contact Process |
This method was developed by Knietsch in Germany. Basically, it involves the catalytic
combination of sulphur and oxygen to form SO, which is then dissolved in water to form H,SO,.

Principle -
SO, obtained by burning sulphur or iron pyrites is oxidized to SO, in the presence of V,0,

* which acts as a catalyst. The best yield of SO, can be obtained by using excess of oxygen or air

SO, formed is absorbed in concentrated H,SO, and “Oleum” (H,S,0,) formed can be
converted to sulphuric acid ofany strength by mixing adequate quantities of water.

T
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The process is completed in the steps given below.
a. Sulphur Burners .

Sulphur or iron pyrites are bumnt in excess ofair to produce SO,

Sint Oy —3 500w
4FeS, s+ 110, ——>  2Fe,0,(5+8S0,g)
b. Purifying Unit

S0, is purified from impurities like dust and arsenic nxlde, to avoid poisoning of the
catalyst. Purifying umtmnsnstsut"the following parts.
(i) Dustremover
Steam is injected to remove dust particles from the gases.
(i) Cooling Pipes
The gases are passed through lead pipes to cool them to 100°C.
(iii) Scrubbers
The cooled gases are washed by a spray of water, as SO, is not soluble in water at high |
temperature. '
(iv) Drying Tower
The moisture of gases is removed by concentrated H,SO, trickling down through the
coke filled in this tower. ;
(v) Arsenic Purifier
Arsenic oxide is then removed by passing the gases through a chamber provided with
shelves packed with freshly prepared ferric hydroxide. !
(vi) Testing box

In this box a beam of light is introduced which mdmates the presence orabsence of solid
particles. If present the gases are sent back for further punﬁcauon.

c. Contact Tower & '
Preheated gases at 400-500°C are passed through vertical Imnoolumms pm:k@d wuhtha
catalyst V,0,. Here SO, is oxidized to SO,. ‘ .
280, g1+ Oyt TS:'C% 280, AH=-269.3k/ m

The reaction is highly exothanmcsu no hmtmg is required once the mummm
d. - Absorption Unit.

The SO, obtained from the contact tuwer is dissolved in 8%
pyrosulphuric acid (oleum), H,S,0,. It can be d:luted mﬂi’"ﬁam? - get
concentration of sulphuricacid. "

H,80,(aq+SO,m —> !H',S,-Oim
HS.0,0+HO00 —> 2HSO)




- e - -
.I Ln Cﬂfﬂ‘fiﬁﬂ? Xlr
J i 98%
ne, . H,50
Arsenic Contact Iy
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i Bumer Testing box 100%
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Fig4.5 Contact Process

4.5.2 Properties
Physical Properties

1. Pure sulphuric acid is a colourless oily liquid without an odour.

2. Its specific gravityis 1.834 at 18°C. '

3. It freezesat 10.5°C.

4. Its boiling pointis 338°C.

5. It dissolves in water liberating a lot of heat which raises the temperature of the mixture
up to 120°C. H,SO, should always be poured in water in a thin stream to avoid any
accident.

6. Pure acid is a nonconductor of electricity but the addition of a little water makes it a good
conductor.

74 Itis extremely corrosive to skin and causes very serious burns to all the tissues.

Reactions

1. Itis stable at ordinary temperature but on strong heating it dissociates into SO, and H,0.

H,S0, —25 S§0,+H.0
2. It 15 a strong acid. In an aqueous solution it completely ionizes to give hydronium and
sulphate ions. The dissociation take place in two steps.
H,SO,aq)+H, 01 —— H,0 tag)+HSO, (ag)
p HSO, st HO0  —> SO ) +H,0 (s
3. Reaction as an Acid
{!} Reactions with alkalies

'H,S0, tap+NaOHwg) = ——  NaHSO, g +H,00)
NaHSO, e +NaOHeg —  Na;SO, ) +H,0 ()

—
X P
.* &
# - i m ’-
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(ii) Reactions with carbonates and hydrogen carbonates _
Na,CO, aq + H, 50,69 —  Na,SO, (aq+H,0 1)+ CO, g
2NaHCO, s+ H.SO, tag —>  Na,S0, taqr+ 2H,0 11+ CO, 1)
(ili) Reactions with salts
INaClis+H.SO, onc) —25  Na,SO,6q)+2HCl(g)
KNO, s+ H,S0, concy ——  KHSO,faq+HNO,(g)
(iv) Reaction with metals t
(a) Cold dilute acid reacts with almost all metals to produce hydrogen gas and sulphate salts.
Fewm+H,S0, g — FeSO, o+ H,yie
s+ 11,80, 09 —>  ZnSO,taq+H, (2
Me s+ HS0 g —  MgSO, g+ H,
Stita EHSO0, tagp —>  SnSO, (agq) + Hyie f "
(b) Cold concentrated H,SO, does not react with mmtnfﬂ:emctnlshkeﬂu,hg,ﬂg,?b,ﬂu.
(c) With certain metals hot concentrated sulphuric acid gives metal sulphates, water
and SO,.
Cuts)+2H,S0, (conely” o— CuS0, g+ 2H,011+ 80,2
IAg 0+ 21,50, o) TS ALSO, e+ 2H,000+ 50,1
Hg i+ 2H,80, wone)  —=> -~ HgSO, tag) +2H,0 (1) + S0, () ~adl "
4. Reactions as a Dehydrating Agent

H,S0, hasagrcntaﬂimtyfurwater,smtacfsasdﬂhydﬂhngagmlmdehmmmﬁ .
from different compounds. &P gt SN ot

(i)  Withoxalicacidit forms CO,and CO. 4 Ve .-‘-'*’-n%lm_._‘_; .
" 4 *

COOH Kd L gy U

| . Lone S0, CO, (g Cﬂm+% o RN .
’ 5.

COOH (ag) i . X, ﬂ*ﬁ'ﬁ?ﬂ iy -

(i)  Withformicacid, COisformed. ﬂ#w

HCOOH oo S0, CO@+HOM :‘i'lf“- :f.?.-a
(iii) Wthethﬂalmhuhtthmeﬂwkm. A" 2

.I“.\'h 5 %y
B R

(iv)
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5. As an Oxidizing Agent
H,S0, acts as a strong oxidizing agent.
(i) Itoxidizes C and S giving CO, and SO,, respectively.
C)+2H,S0, (o) —>  CO@+ 280, +2H,0 )
S+ 2H,S0, (conc) —— 350,z +2H,0 (1)
(i) H,Sisoxidized to Sulphur.
H.Sg+H,S50, ey —  Ss3+ 50,21 +2H,01p
(iii)  Reactions of H,SO, with HBrand HI produces bromine and iodine respectively.
2HBr(aq)+ H,80,sq) — Br,(g) + 80,2+ 2H,0(g)
2HI(agr+ H,SO,aqp —— Ligy+8S0,g)+2H,0g
6. Reactions with Gases
(i) It absorbs 50, and forms oleum.
H,50,uq+ S0, —— H,5,0,11
({ii) Itreactswithammonia forming ammonium sulphate.
INH, (@1 + H,80, (sg) — (NH,),SO, (sq)
T Reaction with Benzene
Benzene sulphonic acid is produced when conc. H,50, reacts with benzene.
- CH,(9+H,50,(onc) — CHSO,0Hn + H O
Benzene sulphonic acid
8. Precipitation Reactions
White precipitates are produced when H,SO, reacts with solutions of BaCl,, Pb(NO,),

and Sr(NO,),.
BaCl, (aq) e H,50, (sq) ——  Bad0,(s | +2ZHC] (ay)

PB(NO,), ()  + HSO,eq)  —> PbSO, ()| +2HNO, (s

9. Reactions with Oxidizing Agents :
It reacts with oxidizing agents like KMnO, and K,Cr,0, to liberate oxygen which may oxidize
other compounds.

2KMnO, +3H,S0, — K, SO,+2MnS0, +3H,0+5[0]
__10FeSO,+5H,80,+5(0] — S5Fe(S0,),+5H.0

2KMnO tuq)+ 8H,SO,(agi+ 10FeSO,1aq—K,SO,(uq) + ZMHSUJuq}'i- 5Fe, (S0, ),taqi+ 8H,01n)
4.5.3 Usesof Snlph uricAcid

Itisused:

1 in the manufacture of fertilizers like ammonium sulphate and calcium superphosphate. :

7 inmmmmmniﬂmmdndphurmmpmnds
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4,

9 kiGN LA

10.
11.

12.

13.

14,

in the manufacture of many chemicals, dyes, drugs, plastics, disinfectants, paints,
explosives, synthetic fibres, etc. ,

in electrical batteries and storage cells.

as a dehydrating agent for drying gases.

as a laboratory reagent. :

in textile, iron, steel, leather and paper industries.

KEY POINTS

In group VA the metallic character increases down the group. Nitrogen and phosphorus
are non-metals, arsenic and antimony are metalloids while bismuth is a metal.
Phosphorus and other members of VA group can make use of d-orbitals in bonding.
Common oxides of nitrogen are N,0, NO, NO,, N,0, and N,O,.

Nitrogen forms two oxyacids, HNO, and HNO,, HNO, is an unstable acid and exists only
in solution. "

HNO, is not only a strong acid but it also acts as a strong oxidising agent.

Aqua regia is a mixture of one volume of concentrated HNO, and three volumes of
concentrated HCL.

Phosphorus exists in six allotropic forms. White phnsphnrus is very reactive as
compared to red phosphorus.

Phosphorus forms two types of chlorides PCl,, PCl, and two types of oxides P;0, and
P,0,.

Just like nitrogen, phosphorus also gives two types of oxyacids; phosphorus acid
(H,P0,) and phosphoric acid (H,PO,).

Phosphoric acid is a weak tribasic acid and it gives three series of salts with strong base.
Group VIA of the periodic table contains only one metal, polonium, the rest of members
are non-metals. All these elements show the property of allotropy nndtheympulymﬂic
in nature,

Oxygen and su]phur are the most abundant elements of groupVIA. Oxygen is the most
widely distributed of all the elements. Sulphur is widely distributed in nature in both free
and combined forms.

Sulphuric acid is commercially prepared by oxidation of SO, mﬂn'. pmmoe ofacatalyst
to SO, in a process called Contact Process.

H,S0,isavery strong acid. Itacts nsndahydmnngagentnsweﬂumuxmm
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4 & EXERCISE

Q.I  Fillintheblanks.
(i) The elements of group VA are called metalloids.

(ii) In Birkeland and Eyde's process is prepared from atmospheric
oxygen and nitrogen.
(ili)  The tendency to form long chain of atoms is called ,
(iv)  Alltheelements of group VIA show the property of .
S (v) Selenium sl:_mws two allotropic forms which are called ___ forms.
vi) Specific gravity of H,SO, at 18°Cis .
vii) . H.is produced by reacting H,SO, with metals, like
viii)  The elements of group VA exhibit maximum oxidation state of
ix) > The outermost shell of group elements contains six electrons.
x) Oxygenshows  behaviour due to the presence of unpaired electrons.
xi)  Conc.phosphoricacidactsasa
: xii)  Nitrogenisagaswhile other elements of the same group are
xiii) Noblemetals like gold and platinum are dissolved in
- xiv) Sulphurisdifferent from oxygén because it shows oxidation states. -
_ Xv)  HNO,isused in the manufacture of fertilizers.
Q2  Indicate True or False. |
- 1) The metallic ::hnrncter in groups VA and VIA elements increases down the
I B bl -_W F
ii) The elements of group VA exhibit maximum oxidation state of +5.

Tmhmwﬂfphoshonts :sgreaharthan that of nitrogen.

= v it - B -
e T T T e i :
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Q.3

(vi)

vii)

_ix)

x)

Q4

Q.5

Multiple choice question. Encirele the correct answer.

(i) Out of all the elements of group VA, the highest ionization energy is possessed
by: '

(@ N by P ¢c) Sb (d Bi

ii) Among group VA elements, the most electronegative element is:

(a) Sb (b) N (c) P (d) As

i)  Oxidation of NO in air produces:

(a) N,O (b) N,O, (c) N,O, (d) N,O,

iv) The brown gas formed, when metal reduces HNO,to:

(@ NO, (b NO, (9 NO, (d NO

v) Laughing gas is chemically:

(@@ NO . (® NO () NO, (d NQO,

QOut of all the elements of group VIA, the highest melting and boiling points is shown by

the element:

(a) Te (b) Se () 8 (d) Pb

S0, is not absorbed in water directly to form H,SO, because:

(a) the reaction does not go to completion.
(b) the reaction is quite slow.

(c) the reaction is highly exothermic.

(d) S0, is insoluble in water.

Which catalyst is used in contact process?

(a) Fe,0, (b) -~ V0, (c) SO, (d) ¢ &&g0

Which of the following species has the maximum number of un]IJaired electrons?

(a) O;< . (b)) wO L L ey O I i) IO

Shortanswer questions.

(i) How does nitrogen differ from other elements of its group?

i) Why does aqua regia dissolve gold and platinum? ' D ¢

iii) Why the elements of group VIA other than uxygnn shnw mnre ﬂﬁn two
oxidation states?

iv) Write down a comparison of the properties of: uxygmmdsulph{n:
V) Write down the equation for the reaction between conc. H,SO

explain what type of reaction isit.
(a)  Explainthe Brikeland and Eyde's process formemanﬂfnmm -

(b) Which metals evolve hydrogen upon mauttm with '_
alongmthr.hem;mlaqnanm T

N
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(¢)  Whatis meant by fuming nitric acid?
@a&a-:-..«,gajﬂ Jirﬂtﬂphl.lnﬂ acid is said to act as an acid, an oxidizing agent and a dehydrating
ugent, describe two reactions in each case Lo illustrate the truth of this stalement.

(b} Give the advantages of contact process for the manufacture of sulphuric acid.
Q.7 (a)  Describe the chemistry of the industrial preparation of sulphuric acid from

sulphur by the contact process.
(b)  WhyisSO,dissolved in H,SO, and notin water?
”{c} Explain the action of sulphuric acid on metals alongwith chemical equations.
Qﬁ Describe the preparation ol NO, gas. Also give its reactions.
Q. ow PCl, and PCl. can be used for the preparation of other chemical compounds.
Q.10 rthc following questions.
| i) ribe “Ring test™ for the confirmation of IhL presence of nitrate ions in

W restptls - ?‘g"
: i) NOjisa strong oxidizing agent. Prove the truth of this statement giving
| I.::lmmf.tlﬁ.‘?‘h
| iii) Wnt:duwnﬂg iemical equations and names of the products formed as a result
b of the reacti QFHNO, with ars-:nlcand antimony.
‘ : . _- ~iv)  Givethemethods of preparation of PCI,.
E v)  P,O,isapowerful dehydrating agent. Prove it giving example.
= Completeand balance the following chemical equations.

03 q;agdexpl'mnusmlmns. 4
VIA t-lq-f}
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CHAPTER

5

THE HALOGENS AND
THE NOBLE GASES

In this chapter you will learn

1. The electromic conbiguritons and the occurrence ol halogens. the peculiar behan wour of Muorine,

1

The volatility of halogens and its explanation in terms of van der Waal's forces. ™

G

The velative resctis ities ol halogens as oxidizing agents.

The propertics ol hydrogen halides, ogides and ox yacids of halogens.

The comparizon ol thermal stability ol hydndes interms ofbond energics.
Retiction ol chlonne with sodium hydroxide thov'cold).
Phe prrepartion s resction of blebching pow der

The commercial uses of halogens and their compounds as bleaches, refrigerants, acrosols and anaesthetics.

9. Theelectronie conligurations, physical propertics. inenness and isolation oFnoble gases [rom air.

e R R

10, The properties of oxides, Auondes and oxyfuorides of xenon

5.1 INTRODUCTION

The elements fluorine (F), chlorine(Cl), bromine(Br), iodine(I)and astahm:(ﬁnt} are
called halogens. These elements are called the halogens from Greek hals, "salt" and gennan, "to
form or generate", because they are literally the salt formers. The halogen elements form a group
of very reactive non-metals and are quite similar to each other in their chemical properties. First
four clements are the common elements of the halogen family but astatine is a rare halogen. Itis
radioactive and its most stable isotope has a half life of only 8.3 hrs. ;

Halogens exist as discrete dintomic molecules in all phases (gas, liquid or
solid).Fluorine and chlorine are gases of pale yellow and greenish yellow colours respectivelyat
room temperature and pressure. Bromine is a liquid of red-brown colour and iodine is a metallic-
appearing shiny greyish black solid. The halogens have irritating odours, a.ud theyattack thm
skin. Bromine in pﬂrucula: causes burns that heal sluwly The outer shell of hals
configuration ns’ np’ (one electron short of the stable octet of the noble gases). The r.lecm
configurations and the important physical properties of the halogens are given in the Table 5.1.

- —_—
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The ionization energy data of the halogens shows that the fluorine atom holds its electrons tightly
whereas the electrons are least tightly bound in iodine. The trend can be correlated with the sizes
of the halogen atoms as shown in the Table 5.1.

The electron affinity values of halogens are large and negative, that is why halogens gain
electrons readily. They have large, positive standard electrode potentials and their
electronegatvities are also fairly high.

The intermolecular attraction 1s greater in the larger molecules having greater massces.
Due to their large size, the van der Waal's forces in iodine molecules are stronger than in the
smallermolecules of'the other halogens.

Table5.1 The Electronic Configurations and the Important Physical Properties of the Halogens.
Properties Fluorine Chlorine Bromine lodine =8
Atomic number 9 17 35 53
Electronic configuration [He)2s2p® [Ne]3s'3p® | [Ar]3d"as’ ap® | [Kr}4d",5¢’ 5p°
Physical appmmnce. Pale Yellow | Greenish yellow [Red-brown Shiny greyish
. Eas gas _ lliquid black solid
lonization energy(kJ mol™) 1681 1251 1143 1009
Electron affinity, (kJ mol") =322 349 =325 —295
Electronegativity 4.00 3.00 28 2.5
Ionic radius (pm) 133 181 196 220
Covalent radius (pm) 72 100 114 133
Melting point (°C) -219 -101 -7.2 114
Boiling point (°C) ~188 -34.1 59.5 185
Density (g/cm”) 0.00181 0.00321 3.12 493
Oxidation states -1 =] A3 A5 4T |t #2345, 47 | )+ 43 +5,4+7
Bond energy (kJ mol™) (X-X) 154.80 242.67 192.46 150.6

5.2 OCCURRENCE

Elements with the higher values of electronegativity usually exist as negative ions, and
those with the lower values of electronegativity exist as positive ions. Elements with
intermediate values of electronegativity are often found as ions or molecules or in free

(elemental) form.

None of the halogens is found in free form in nature, The halogens exist in nature
primarily in the form of compounds. Their most common state is the halide ions F~, CI, Br and
I'. These halides are soluble in Water and are found in sea, in salt lakes and as underground beds

of salt.
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Fluorine Chlorine
Fluorospar  CaF, *|Halite NaCl
Cryolite MNa,AlF, (Salt beds, brine wells, sea water)
Fluoroapatite CaPO,)F Camallite KC1.MgCl,.6H,0
Bromine Todine
Brine wells, sea water, NaBr, KBr. MgBr,, | NalO,, NalO, deposits in Chile brine wells.

5.3 PECULIAR BEHAVIOUR OF FLUORINE

The halogens form a homologous series but fluorine differs from the other halogens in

many respects which is due to: -

(i) Small size of F atom and of F ion.

(ii) High first ionization energy and electronegativity.

(iii)  Low dissociation energy of F, molecule as compared to Cl, and Br,.
(iv)  Restriction of the valence shell to an octet.

(v) Direct combination with inert gases.

Due to the small size of the F atom (or F~ ion), there will be a better overlap of orbitals
and consequently leads to shorter and stronger bonds with elements other than O, N and itself.
lonic fluorides have higher lattice energies than the other halides and these values are
responsible for the insolubility of the fluorides of Ca, Mg, Ba, Srand lanthanides in water. Due to
the low dissociation energy of fluorine molecule, it is highly reactive. The other halogens react
slowly. under similar conditions, The fluorides are, however, more stable with respect to
dissociation into elements.

Due to the restriction of valence shel\to an octet, many fluoro compounds show
inertness, e.g. CF, and SF,. Also due to this restrictien, fluorine remains restricted to—1 oxidation
state. . X
Fluorine is the only element that combines directly willrnoble gases like Kr, Xe,and Rn
forming their fluorides.

54 OXIDIZING PR’DP‘ERTIES
Relative Reactivities of the Halogens as Oxidizing Agents

All the free halogens act as oxidizing agents when they react with metals or nunmmia..
The reactant elements acquire positive oxidation state in the compounds formed.

On forming ionic compounds with metals, the halogens gain clectrons and are.
converted to negative halideions. : : ' canieg

- 2Na+Cl;, — 2Na'Cl . ; (SF=1 0 |

The oxidizing power of halogens decreases with increase in atommnﬁmbu'. Elum :

has the highest oxidizing power and iodine the Imt. The order of dacrmnng ‘power as an

nxldmngagean,}CI,ﬁ-Br =Ll ol et d f ‘ ity e

—— ——— e——
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The oxidizing power of halogens depends upon'the following factors:
(i) Energy of dissociation
(ii) Electron affinity ofatoms
(iii)  Hydration energies ofions
(iv)  Heatsofvapourization (for Brandl,)
If a halogen has a low energy of dissociation, a high electron affinity and a higher
hydration energy of its ions, it will have a high oxidizing power.

Oxidizing power of F, is higher, because it has low energy of dissociation and higher
hydration energy of its ions. Due to the relative strength as oxidizing agents, it is possible for
each free halogen to oxidize the ions of other halogens next to it in the family. Standard electrode
potential measures oxidizing power,

F, Cl, Br, I

Standard reduction potential, [E2(V)] 287 | 4136 .07 +0.54
X426 — 2X

Fluorine can oxidize all the halide ions to molecular halogens. (A reaction will occur if
the value of E®is positive) lodine being a weak oxidizing agent cannot oxidize chloride or
bromide ion. -

s € WU E°= 287V
20 ————=ClL+2e E®= —1.36Y
F,(g) + 2Cl (aq) —Cl,(g) + 2F (ag) E°=+ 151V

In the similar way, chlorine will oxidize both bromide and iodide ions, while bromine _
can oxidize only iodide ion.

CLw+2Brsg) — Br,(aq) +2C1 (g
Brytag+2ltaqg —— [ (aq)+2Br(ag)

Fluorine and chlorine can oxidize various coloured dyes to colourless substances, e.g.
litmus and univeMsal indicator can be decolourized when exposed to fluorine r.& chlorine. When
used for bleaching, chlorine acts as an oxidizing agent.

5.5 COMPOUNDS OF HALOGENS
5.5.1 ' Hydrides (hydrogen halides, HX)

All halogens react with hydrogen forming hydrides. The reaction of molecular
hydrogen and fluorine is very fast and explosive. With chlorine, molecular hydrogen reacts in the
presence of sunlight. Bromine and iodine react with molecular hydrogen ata higher temperature.
The reaction with iodine is very slow and reversible. Direct combination is used as a preparative
method only for HC1 and HBr. Hydrogen fluoride and hydrogen chloride can also be obtained by
the action of concentrated sulphuric acid on fluorides and chlorides, but analogous reactions
wnhbrmuidumdlﬁdu resultin partial oxidation of the hydrogen halide to the free halogen.

e
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' INaClis)+H,S5@,(conc) —— Na,S0,aq)+2HCl(g)
3 2NaBrs) +2H,50, (conc) —— Na,50,(aq)+Br, 1)+ 50, (g +2H,0
Properties of Hydrogen Halides
HF is a colourless volatile liquid whereas other hydrogen halides (HC1, HBr, HI) are
‘colourless gases at room temperature. They give fumes in moistair. They are strong irritants.

Hydrogen fluoride attacks glass and has found applications as a non-aqueous solvent, It
can be handled in teflon (polytetrafluoroethylene) containers or if absolutely dry, in copper or
stainless- steel vessels kept under vacuum. Pure liquid HF is

strongly hydrogen bonded and is a viscous liquid. Its viscosity is F o

less than that of water due to the absence of a three-dimensional b £ BN
network of H-bonds which occur in H,0. Hydrogen bonding is H” H" H:\
also responsible for the association of HF molecules in the \ / F*

vapour phase. Various test results indicate that gaseous HF Fig52 Hydrogen bon ding in HF
consists of an equilibrium mixture of monomers and cyclic hexamers, Fig.5. 5

6HF¥y=s=—= (HF),

Chain polymers may also exist under certain conditions. Chains and rings of HF are of
various sizes, some of these persist in the vapour phase as well. Some of the physical properties
of hydrogen halides are given in Table 5.2,

Table 5.2 “Shn_m Physical Properties of Hydrogen Halides

Properties - "'J_" : HF HCI -~ HBr \ ];l
Melting points(°C) -83.8 -114.2 -869 —50.8
Boiling points (°C) L 19.5 -85.0 —66.7 353
Heat of fusion at M.F. (kJ/mol) 4.58 1.99 241 2.87
Heat of vaporization at B.P. (kJ/mfol) 303 1620 17.6 19.7
Heat of formation /kJmol™ AH;) -270.0 -92.0 -36.0 +26.0
Bond energy (k! /mol ) 566 431 366 299
H-X Bond length (pm) : 924, sos| ol 28 141 160
Dissociation into elements at 1000°C (%) 0 0.014 0.5 33,
Dipole moment (Debye) v 1.8 11 0.8 0.4

Melting points, boiling points, heats of fusion and heats of vapourization generally
increase regularly from HC1 to HI. The HF has much higher values for these pruperties due to
hydrggen bonding, A very high bullmg point of hydrogen fluoride is a major evidence of
presence of hydrogen bonding among its molecules. The relative volatility of HC i,fIBl"*nndHI
reflects the strengthening of the van der Waal's forces due to increasing size of halogens. Since
the dipole moment of molecules decreases from HC1 to HI, probably dlp-ulﬁ-‘indmédﬂ;pgic
forces play an important role in the intermolecular binding of the heavier HX molecules: -

The strength of the hydrogen halogen bond is very high in HF. It mm ;

%
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increasing size of the halogen atom. The bond strength is reflected in the case of dissociation of
hydrogen halides at elevated temperatures.
HF, HCI, HBr and HI act as reducing agerits in the following order:
HF < HCI < HBr < HI
Hydrogen iodide is a strong reducing agent. In redox reactions the hydrogen halides are
oxidized to elemental halogens, e.g.
2HI+S =—— I, + H,;8
In water, hydrogen halides give hydrofluoric, hydrochloric, hydrobromic and
hydroiodic acids. Hydrofluoric acid is a weak acid due to limited ionization. The other three
acids are very strong acids. The acidic strength increases in the order:
HF <HCl<HBr=<HI
5.5.2 Oxidesof Halogens
The halogens do not react directly with oxygen. With the help of some indirect methods,
following oxides of group VIIA elements have been made.
i Table 5.3 Oxides of Halogens

FLUORINE CHLORINE BROMINE IODINE

Cygen difluoride, OF, Dichlorine monoxide,CLO Bromine monoxide,Br,0 lodine tetraoxide, 1,0,

Dioxygen diflucride. O.F, | Chlorine dioxide, C10, Bromine dioxide, BrO, lodine iodate, 1,0,

Trioxygen difluoride,O.F, | Chorine hexaoxide, CLO, Bromine trioxide,BrO,, (Br,0,) | lodine pentoxide, 1,0,
- " | Chlorine heptaoxide,Cl,0,

Oxides of Fluorine

Trioxygen Difluoride, O,F,
This oxide can be prepared when a mixture of fluorine and oxygen is subjected to
electric discharge. At 363 °C, it is a dark red viscous liquid but turns to reddish brown solid at

350°C. On decomposition it gives oxygen and other oxide of fluorine. F
20,F,in — 20,F,in+ O,@ 13. | 5 ‘
O,F, reacts with F, in the presence of electric discharge to F F {I‘{)\

produce F
Oy (OF) (OF)
20,F;0 +F, 0 —> 30,F0 Structure of OF, and O,F,

OXIDES OF CHLORINE
"~ The oxides of chlorine are generally unstable. It is not possible to synthesize them by
direct combination of! the elements Cl, and O,. They have extensive industrial use as commercial
bhn:hmglgmtsﬁ:;wmd,papm' pulpmdfurwuermnnent
1.  Chlorinedioxide, ClO,
~ Itisapaleyellow gas. It is prepared by mdmmg NaClO, with NaCl or SO, or CH,OH in
strongly acidic solution,
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2C107,(aq) + 2C1 ap + 4H'1aqp —— 2C10,(m+Cl,m+2H,0n)
ClO, can also be prepared by the action of concentrated H,SO, on KCIO,. This reaction
is violent. To control the reaction oxalic acid should be added.
2KCI10,+H,C,O+H,S0, — K80, +2H,0(+2CO, @ +2C10,(g)
C10, explodes into Cl, and O, on warming. It is soluble in water and is stable in dark. It

decomposes slowly in H,O to HC1 and HCIO,. It is a paramagnetic substance. It is used as an
antiseptic, for purification of water and to bleach cellulose material.

2.  Chlorine Heptaoxide, C1,0,

CL,0, is an anhydride of perchloric acid (HC10,). It can be obtained at —10°C by
dehydration of HC10, with P,0,.
1

2HCI104+P,0;, ——  CLO;+ 2HPO,
OXIDES OF BROMINE
Oxides of bromine are dark volatile liquids with low thermal stability.
Bromine Monoxide Br,0O

It can be prepared by the reaction of bromine vapours with mercuric oxide.
L1

HgO + 2Br,, —— HgBr, + Br,0
Br,O can also be prepared by treating the suspension of mercuric oxide in CC1, with
bromine. It is stable in dark in CC1, at-20°C. It has oxidizing properties.
OXIDES OF IODINE

Out of all the oxides of iodine only iodine pentaoxide (I, D,} is important. The other
compounds, [,O, and [,O, are salt like and are considered as iodine-iodates. .

lodine Pentoxide 1,0,
It can be prepared by heating iodic acid at 240°C.
2HIO, -2¥% 1,0, +H,0
It is a white crystalline solid, stable up to 300°C. It has a polymeric structure. It is
insoluble in organic solvents. It forms iodic acid with water. .
LOs+H,0(0 ——  2HIO, (ag)
It reacts with H,S, HCI and CO as an oxidizing agent. It is usod for the qlmtltanw
analysis of CO.

5CO(@ + 1,0,s) —— Lo+ 5CO,@
5.5.3 Reactions of Chlorine with Cold and Hot NaOH

The reactions of chlorine with cold andbnt NaOH areaxamples of "Dmpmpommum
reactions”,

A reaction in which a species (mnlaculﬁ, atom or mn}tg almultnlml} mmiun_d |.n;.
reduced, iscalleda "dmpmpuruunamn reaction”,
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In cold state 15°C chlorine will react with NaOH (aq) to form hypochlorite and a -
halide.
2NaOH () +Clat)  ——— NaCl(ag)*+NaClO e+ H,0aq)  (a)

Sod. hypochlorite
The reaction is a disproportionation reaction, because the zero oxidation state of
chlorine atom in Cl. is converted to -1 in chloride and +1 in hypochlorite. ;

Sodium hypochlorite which is produced in cold state in the above reaction, decomposes
forming sodium chloride and sodium chlorate at 70°C. 4

INaClOaq = €5  2NaCl{aq)+NaCl0,(aq) (b)
The reaction (b) involves the disproportionation of hypochlorite ion. To balance overall
reaction in hot state, multiply equation (a) with 3 and then add (a) and (b).
6NaOH(eq) +3C1, 1) —»  3ANaCl (ag)+ 3INaCl O (aq)+3H,O (1)
INaC 1O ay) —+ 2NaCliaq) +NaClO,aq,
6MNaOH (aq)+ 3CL, (g) — SNaClug+NaCl0O, (aq) +3H,0
The above two reactions (a) and (b) show that chlorine atoms are both reduced and
oxidized.
5.5.4 Oxyacids
An important class of the compounds of the halogens is the oxygen containing acids and
their salts.
No oxygen containing stable acid of fluorine is known (HOF is prepared recently, but it

is highly unstable). Other halogens form oxyacids though most of them cannot be isolated in
pure form and are stable only in aqueous solutions in the form of their salts.

A system of nomenclature for these acids and their salts is based on the oxidation state of
the halogen atom. According to this system, characteristic prefixes and suffixes are attached to a
stem that is derived from the name of the central nonmetal (halogen) atom. The system is as
follows:

1. Some common acid is orbitrarily called the ic acid (e.g- HC10, is designaf‘n,ad as

chloric acid). The name of'a salt of this acid ends in ate,
2. ﬁfnm:id whose parent atom has an oxidation state next lower thanthe - ic acid (one
less oxygen atom) is called ous acid and the name of the salt of this acid ends in

ite. For example, chlorous acid (HC10,). - '
3 The acid in which the oxidation state of the parent atom is higher than it is in the ic
acid (one more oxygen aiqm) is called per ic acid. A salt of this acid is a per
~______ atesalt Forexample, perchloricacid (HC10,).

4.  Anacid in which the oxidation state of the parent atom is lower than it is ja-the
~ ___ ousacidiscalledhypo us acid and a salt of this acidisahypo_____itesalt.

=L S0
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Forexample, hypochlorous acid (HCIO).

3. The root of the name of the acid or the salt indicates the parent atom.

Table 5.4 showsthe oxyacids of halogens (other than fluorine)

Table 5.4 Oxyacids of Halogens

Oxidation Formulae of the oxyacids of halogens General names of
state
of halogen Chlorine Bromine lodine Oxyacids Salts of oxyacids
+1 HCIO HBrO HIO Hypohalous acid | Hypo__ite
+3 HCIO, | —- - Halous acid ite
+5 HCIO, HBrO, HIO, Halic acid ate
+7 HCIO, HIO,. H,IO, | Perhalic acid Per ate

It is evident from the above given formulae of the oxy acids that the halogen servesasa
central atom to which one or more oxygen atoms are covlently bonded. These bonds are polarin
character due to the electronegativity difference between halogen and oxygen.

The increase in the oxidation state of the halogen from +1 to + 7 is accompanied by:

(a) an increase in the thermal stability of the acid
(b) the decrease in oxidizing power of the acid
(c) the increase in acidic strength of the acid

The more the number of oxygen atoms in the series of oxyacids of a halogen, the greater
is the thermal stability.

The acid strength increases with the increase in the number of oxygen atoms. As the
oxidation state of the halogen increases, the bonding electrons are shifted away from the H-atom
and the tendency of the molecule to lose a proton increases. This accounts for the change of
strength of oxyacids. The oxyacids of halogens show their strength in the order given below:

HXO,>HX0,>HX0,>HXO0

An oxyacid molecule contains hydrogen linked to the halogen through an oxygen atom.

The oxyacids of chlorine are stronger than the corresponding oxyacids of bromine
which are, in turn, stronger than the corresponding oxyacids ofiodine. Itis due to decrease inthe
electronegativity and increase in the size of the halogen.

We will discuss perchloric acid (HC10,) only at this stage.

PERCHLORICACID (HC10)' -

Perchloric acid (HC10,) is commonly obtained in aqumus solution. Pllrn anh e lro P,
compound can by prepared by distilling a mixture of potassmm pemhlmtﬂ'[KCLﬂq ! %-' ; 0 ’ﬁ »
H,S0O, under reduced pressure. e

KC10, (s + H,SO, (conc.) ——5'—4 KHSU*;q + qu‘ m —

Perchloric acid is a colourless h}'g;rmuplc hqmd. A{ normal pmm;tm&
-112°C and boils with decomposition at 90° C.
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In the cold and dilute state,perchloric acid is a very weak oxidizing agent but when hot
and concentrated its oxidizing power is enhanced. Dissolving power of perchloric acid is
enhanced due to its oxidizing strength. Perchloric acid is the strongest of all the acids in an
agqueous medium.

Pure perchloric acid decomposes explosively when heated. That is why it is stored and
used as 67% solution in water. Perchloric acid reacts with organic substances violently.

Due to its oxidizing effect, acidic strength and solubility of its salts, it is considered as a
valuable analytical reagent.

5.5.5 Bleaching Powder, (Ca(OCI)Cl)

Bleaching powder can be manufactured by the action of chlorine on dry slaked lime

using any one of the following methods:

- (@)  Hasenclever's method (0ld method)

(b) Beckmann's method (modern method)

The reaction in both the cases will be:

Ca(OH),+Cl, —— Ca(OCl)Cl + H,0

Slacked lime Bleaching powder
{1) Hasenclever's Method

The apparatus used in this method consists of 4 to 8 iron cylinders placed one above the
other horizontally. They are interconnected and provided with stirrers. The slaked lime is added
in through a hopper in the upper cylinder and is transported from one cylinder to the other with
rotating stirrers. Chlorine introduced into the lowest cylinder rises up and reacts with slaked lime
to form blmhmg powder, which is cullactcd through the outlet in the lowest cylinder.

(2) Beckmann's Method

In this method a cast iron tower with eight Slacked lime with
horizontal shelves is used. In each shelf there is a ¢ o s
rotating rake. O°PET_ Chilorinating

Powdered slaked lime' is introduced
through hopper at the top with/compressed air. A
mixture of hot air and chlorine is introduced from the °
base of the tower. The slaked lime is pusheddownby  Rake
the rotating rakes while chlorine rises up. Reaction
between slaked lime and chlorine produces
blnwhmg powder which is collected at the bottom of
ﬂluuiw . Fig.5.3.

E'hqappmtns works on the counter-current
pmdph.‘.ﬂms maximum reaction of slaked lime , :
' ..ﬂwtm with very little loss of Fig. 5.3 Beckmann’s Method
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chorine. Bleaching powder 5hould always be packed in air tight containers to avoid the loss of
chlorine.

Bleaching powder is a yellowish white powder with strong smell of chlorine, Some of
its chemical properties are given below.
1. It is an oxidizing agent. This property is due to the generation of hypochlorite ion
(OCT) in water.

CaOCl, (aq) — Ca’(aq) + Cl (aq) + C10 (ag)
2. With dilute acid it gives hypochlorous acid.
2Ca0Cl,+dil. H,S0,(aqg —— Ca,S0, (ag+ CaCl, (aq) +2HC10(aq)
3. If excess of an acid (weak or strong) is added to bleaching powder, chlorine is
givenout.
CaOCl, )+ H,S0,(aqg —> CaSG,uq}+H,0{r;+C1,rga

{excess)

The amount of chlorine thus set free is called "available chlorine". The activity of
bleaching powder is measured in terms of available chlorine. The average percentage of
available chlorine in bleaching powder is 35-40 percent. The bleaching action of bleaching
powder is due to its oxidative character.

4. It oxidizes HC|, HBrand HI giving the corresponding halogens.
CaOCl, (3+2HCl(aq) —> CaClm,ﬁH 0 ., +ClL

3. [toxidizes ammonia to nitrogen
3CaO0Cl, (s)+2NH, gy — 3CaCl,(s)+3H,0()+N, @

6. Calcium hypochlorite reacts with carbon dioxide to form calcium carbonate and release chlorine.
CaOCl,(+CO,@ ——> CaCO;m+Clig)

Uses

Bleaching powder is used:

(i) for the laboratory preparation of ch!unm: and oxygen. It is also used in the

manufacture of chloroform. %
(ii)  asadisinfectant and in the sterilization of water.
(iii)  formaking un shrinkable wool. =
(iv)  for bleaching cotton, linen and paper pulp. (Delicate fabrics like wool, silk etc. cannot
be bleached with ttasthmcuul&bedmnagudhychlunm}
56 COMMERCIALUSES OFHALOGENSAND THEIR COMPOUNDS /
Fluorine is used for the preparation of freons. Freon is the commercial name of low
- molecular mass fluorochlorocarbons, CC1,F,, CC1F,. Thescarebeing
used as refrigerants and aerosol propellants. =
Fluorine is used to prepare Teflon (-CF,— CF-),. Itisa
polymerized tetrafiuoro ethylene compound. It is a valuable plastic
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which resists the action of oxidants, acids and alkalies. Corrosion proof parts of machinery are
made of it. It is used for coating the electrical wiring. Teflon is also used as a non-stick coating for
cooking pans. Halothane is used as an anaesthetic. A

Fluorides in toothpastes build a protective coating on teeth.

Chlorine is used in the manufacture of bleaching powder. It is used as a disinfectant in
swimming pools and water treatment plants. A number of antiseptics, insecticides, weedkillers
and herbicides are manufactured from chlorine. It is also used in the manufacture of

drochloric acid, which is the cheapest industrial acid. Chlorine is also used in the manufacture
polyvinyl chloride (PVC) plastics. Chloroform and carbon tetrachloride are prepared from
chlorine which are used as solvents.

Ethylene dibromide (C,H,Br,) is added to leaded gasoline to save the engine from lead
oxide and lead sulphate deposits. Bromine is also used as fungicide. Silver bromide is used in
photography.

The major applications of iodine are in pharmaceutical industry. It is used as disinfectant
and germicide. Tincture of iodine and iodex are popular preparations of iodine.

Diet with insufficient iodide ions leads to an enlargement of the thyroid (Goiter). To ensure the
presence of iodide ion in the diet, sodium or potassium iodide is added to the common salt which
is known as iodized salt.

5.7 NOBLE GASES

5.7.1 Introduction

The elements helium (He), neon (Ne), argon (Ar), kiypton (Kr), xenon (Xe) and radon
(Rn) are placed in the zero group or group VIIIA of the periodic table. All the elements of this
group are colourless and odourless monoatomic gases which can be liquefied and solidified.
These are called noble gases or sometime known as rare gases. The noble gases occur as minor
constituents of the atmosphere (about 1%). The electronic configurations and some physical
properties of noble gases are given in the Table 5.5.

Table 5.5 Electronic Configurations and Physical Properties of Noble Gases
e ETE He | Ne | Ar Kr Xe Rn

ic number ' T T R i 36 54 86

icconfigurations | 1s*  K(He) 25"2p°|(Ne)3s'3p' | (Ar)3d"4s'ap* |(Kr)4d"5s'sp" [(Xe)Sd"6s'6p'
Tzation energy (Kmol) | 2372 | 2080 | 1520 1351 1170 1037
ton = 3 7 98 12 131 140
246 | 249 | -189 0157 =) 7
269 [ 246 | -186 | -Is3 108 =)
C[ 138 | 147 379 73.00 110.9 by
mor) [ 008 | 177 | 65 |97 137 150
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The noble gases are isolated from air, either by fractional distillation or by some
chemical method. The principal commercial source of Ne, Ar, Krand Xe is air.
Helium is present on earth as a result of radioactive decay. After hydrogen, it is the
second most abundant element in the universe. a-Particles are doubly ionized helium atoms

He™. It is simple and economical to isolate the helium gas from certain natural gases by
liquefaction method.

Argon is a colourless and odourless gas. It is very inert and not known to form any true
chemical compound. It is obtained as a by-product during the liquefaction of air.
Neon is 1/65000" part of the atmosphere and it is also isolated during liqucfa'-:tiun of air. Ina
discharge tube, neon glows reddish (of all the noble gases, the discharge of neon is the most
intense at ordinary voltage and current). Liquid neon has over 40 times more refrigeration
capacity than liquid helium.

Traces of krypton are present in air. Itis a colourless, odourless and fairly expensive gas.
It is characterized by ‘its brilliant green and orange spectral lines. Its compound krypton
difluoride (KrF,) can be prepared by various methods.

Xenon is present in the atmosphere to a very small extent (0.08 ppm). It is obtained as a
by-product during the fractional liquefaction of air, Xenon is available commercially in
cylinders at high pressure. It reacts with fluorine but not with water. However it is slightly
soluble in water to the extent of about 110 ml/litat 20°C.

Radon is the a-decay product of the radium. Radon is present to a very small extent in
the atmosphere and it could be obtained as a by-product from the liquefaction of air. However,
the small quantities of this gas which are usually needed can be collected from the radioactive
decay of radium isotopes.

Ra —> 'uRn-+ jHe

The noble gases have valence shells which are complete octets (except He). Due to
complete shells their ionization energy values are very high. They have low boiling points. The
boiling point of helium is the lowest of any known substance. Their boiling points increase with
increasing atomic number down the group.

The very low values of melting and boiling points and low heats of vapourization show
that noble gases have weak forces of attraction between their atoms. As there are no ordinary
electron pair interaction, these weak forces must be of the van der Waals’ type. -

The solubility of the noble gases in water increases with increasing atomic number. This 15
because the bigger atoms are more readily polarized by water molecules.
5.7.2 Compoundsof Xenon

Xenon reacts directly with fluorine only. The known oxidation state of Xenon in its
compounds ranges  from +2 to#8, These compounds are stable and can be obtained in ]mgc
quantities. Some important nnmpnunds of Xenon are given in the Table 5.6.

—
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Table 5.6 Compounds of Xenon

_Oxidation state| Compound | Physical form Melting Point (°C)

+2 XeF, Colourless crystals 140

+4 XeF, Colourless crystals 114

+4 XeOF, Colourless crystals 50

+6 XeF, Colourless crystals 48

+6 XeOF, Colourless liquid -28

+6 Xe0, Colourless crystals 25 (Explodes)

+8 XeO, Colourless gas —39.9 (Explodes, on warming)
5.7.3 Fluorides of Xenon

Three known fluorides of Xenon are XeF,, XeF, and XeF,.

XeF,, can be prepared by direct interaction of the elements. The compound formed
should be removed immediately from the reaction zone, otherwise further reaction with F, will
give XeF,. The reaction is completed in about 8 hours. XeF, is a crystalline solid. It is stored in
nickel vessels. XeF, is amild fluorinating agent. '

XeF, can be prepared by heating a mixture of Xe and F, in 1:5 ratio in a nickel container
under 6 atmospheric pressure for a few hours. It can be stored in nickel vessels. Its properties are
similar to that of XeF, but it is a strong fluorinating agent.

XeF, requires more severe conditions. Xe and F, are taken in 3:20 ratio in a stainless
steel vessel and heated to 300°C at 50 atmospheric pressure. More than 95% conversion to XeF,
takes place. XeF, is a crystalline solid. It is colourless in the solid state but yellow in liquid and
gaseous forms. 4
' Xe@+F,m) —— XeF, ()

XeF,s)+F,(g) —— XeF s

XeF, s)+F,(g) —> XeF,s)

Chemlul Reactions

Fluorides of xenon can be reduced with hydrogen at 400°C, giving xenon and hydrofluoric acid.
XeF,tn+H,(n — Xeg+2HFy
XeF, s+ 2H (el — Xeg+4HF(g)
XeF,(m+3H,(m —> Xe(p+G6HF (g

Xenon tetra-fluoride is a good fluorinating agent and can be used to prepare metal
fluorides as follows:

XeF,(s+2Hg() — Xeig+2HgF, (s)

Reaction occurs with explosion when XeF, is brought in contact with liquid ammonia.

3XeF, (s +4NH,(® —— 3Xe(@+ 12HF (g+2N,

Hydrolysis of XeF, with small amount of water gives XeOF,

XeF, s+ H,0(0 —> XeOF, (sq)+2HF (sq)
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5.7.4 Xenon Oxyfluorides
Xenon oxytetrafluoride, XeOF, is also formed by a rapid reaction of XeF, with silica
(quartz).
2XeF, 5 +8i0,s5 — 2XeOF, s+ SiF, (g
XeOF, is a colourless volatile llquld It can be kept in nickel vessel. It reacts with water
to give XeO,.
XeOF,(Nn+2H,Q() ——> XeO,(nq) + 4HF (g)
Xenon oxydifluoride, XeOF, is obtained when xenon reacts with oxygen difluoride in an
electric discharge.
Xep+F,O —— XeOF, (s
5.7.5 Oxidesof Xenon
There are two oxides of xenon
1. Xenon trioxide
2. Xenon tetraoxide
1. Xenon Trioxide Xe(, E
Xenon trioxide can be obtained when XeF,is hydrolysed slowly.
XeF,+3H,0 — XeO 4+ 6HF
It is a crystalline solid. It explodes at very low temperature. It is weakly amdm and its
aqueous solution is almost non-conductor.
2. Xenon Tetraoxide XeO, ‘)
Itis obtained by the addition of barium or sodium perxenate to conc.H,50, ,
Ba,XeO, + 2H,SO, —— XeO, + 2BaSO, + 2H,0
NaXeO, + 2H,S0, —— XeO, + 2Na,S0, + 2H,0
5.7.6 Applications of the Noble Gases
1% Helium is used in weather balloons, in welding and in traffic signal li ghl:-:

2 A mixture of 80% helium and 20% oxygen is used for breathing by the sea divers.

3 Helium is used as a cooling medium for nuclear reactors, \

4 Neon is largely used in making neon advertising signs, in high voltage indicators and TV
tubes. ' :

Neon and helium arc is used in making glass lasers.
Argon is used in electric light bulbs, in fluorescent tubes, in radio tubes, and in Geiger
counters (used to detect radioactivity). \ %
7. Argon is also used for arc welding and cutting.
Krypton is used to fill fluorescent tubes and in flash lampsforhtghspwdphutngmphy
9. Xenon is used in bactericidal lamps.
10.  Radon being radioactive is used in radm&:ernp}' for cancer md f‘m— m'lh quake

prediction.

o
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The Halogens and The Noble Gases

KEY POINTS

The halogens are very reactive. Intermolecular forces in halogens increase down the
group, fluorine is a gas but iodine is solid.

They form ionic compounds with s-block metals, covalent compounds with p-block
elements and complex ions with d-block metals. Fluorides are usually ionic.

They show oxidation states -1, +1,+3, +5, +7 but fluorine shows the oxidation state of-1
only.
Oxidizing power of halogens decreases down the group in the following order:

F,> Cl, > Br, >1,
Redncing power of halide ions decreases from I" to Br™. Chloride and fluoride ions are
nol reductants.
Chlorine, bromine and iodine form their respective oxides and oxyacids.
Halogens and their compounds are used for bleaching, refrigeration and as acrosols, etc.
Noble gases are placed in zero (VIIIA) group of periodic table.
They have valence shells which are closed octets (except helium).
Very low values of melting and boiling points show that there are very weak forces of
attraction between their atoms.
Oxides, fluorides and oxyfluorides of xenon can be prepared.

Moble gases have multi-dimensional uses.

EXERCISE

Fillin the blanks.

(i) The halogen with the highest electronegativity is -

(i1) Hl is agent. :

(iii) . The only halogen acid which is not a strong acid is

(iv)  Tinctureof isa common antiseptic.

(v)  Thehalogen with the lowest melting aﬁiﬁ:iling points is A

(vi)  Bleaching powderis prepared from and

(v) isthe ha]agewﬂ:ch causes burns on the skin which heal slowly.
(viii) is used for making unshrinkable wool.

(ix)  Amixtureof and __isused for breathing by the sea divers,
(x) Nublﬂgas usedtofill fluorescenttubesis .

Q2 Indicate True or False.
, % HFuusadforctdungglass : :
of -.v

L iy ]

wﬁkm-mducmg agent as compared to HF,

r T =
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Q3.
(i)

(i)

(iii)
(iv)
(v)

(vi)
(vii)
(viii)

(ix)

(x)

(iii)  Bleaching powder is completely soluble in water.
(iv)  The formulaof perchloric acid is HCIO,,
(v) On warming, aqueous KOC1 disproportionates as follows.
3KOCl — 2KCI +KCIO,
(vi) a-particles emitted by radioactive elements are ions of radon.
(vii)  Radonisthe only one ofthe noble gases that is radioactive.
(viii) The molecules of the noble gases are all monoatomic.
(ix)  Argonisused to fill electric bulbs.
(x) The noble gas which is present in the largest amount in atmosphere is krypton.

Multiple choicequestions. Encircle the correct answer.

Which of the following hydrogen halide is the weakest acid in solution?
(a) HF  (b) HBr (c) HI (d) HCI
Chlorine heptaoxide (C1,0,) reacts with water to form:

(a) Hypochlorous acid (b) Chloric acid

(c) Perchloric acid (d) Chlorine and oxygen
Hydrogen bond is the strongest between the molecules of:

(a) HF (b) HCl (<) HBr (d) HI

Which halogen will react spontaneously with Au(s) to produce Au?
(a) Bry (o)l (c) L d Cl

The anhydride of HC10, i5:

(8 Clo, (b) ClO; (o) CLO NGRS CIO:
Bleaching powder may be p:i.mdu::ed by passing chlorine over:

(a) calcium carbonate (b) hydrated calcium sulphate
(¢) anhydrouscalciumsulphate (d) calcium hydroxide

() magnesium hydroxide

Which is the strongest acid? X

(@ HCIO (b) HCIO, (c) HCIO, (d) HCIO,

Which halogen occurs naturally in a positive oxidation state?

(a) Fluorine (b) Chlorine (c) Bromine (d) Iodine
An element that has a high ionization energy and tends tu be t:hmumlly inactive
would most likely to be:

(a)  analkali metal ~ (b) atransition element |
(c) anoble gas vy 4 ' Balogem i A5k F6T RS (e v
Which of the following represents the correct electronic configuration of the
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outermost energy level of an element of zero (VIILA) group in the ground state.
@ sp @® sp' () sP @ sp

. Whatis bleaching powder? How is it prepared commercially? Give its uses.

(a) Discuss the oxides of chlorine.

(b) What are disproportionation reactions? Explain your answer with
an example.

Discuss the system of nomenclature used for oxyacid of halogens. Support your answer

with examples.

(a) How thehalogenacids are ionized in water?

(b) Why HF is weaker acid than HCI?

In the following sets, arrange the substances in order of the property indicated. Give

reasons.

(a) Increasing acidic character
HCIO, HClO,, HCIO,, HCIO,

(b) Increasingoxidizing powerF,Cl,, Br,, .

What happens when bleaching powder reacts with the following reagents dil.

H,SO,, excess ofcone. H,SO,, NH,, Hl and CO,.

Discuss the various commercial uses of halogens and their compounds.

What are noble gases? Explain their inertness on the basis of their electronic

configuration.

Write notes on the followings.

(i)  Oxyfluorides of xenon. -

(i)  Applications of noble gases.
Short questions.

(i)  Whatis"lodized Salt"? -

(i) Whatare Freons and Teflon?

(iii)  Arrange the following ions in order of increasing size:
F Gl owlr, <Br

(iv)  Whyiodine has metallic Iuster?

(v)  Whichhalogen sublimes to violet vapours?

. (vi) Whichhalogen is used as an antiseptic?

(vii) - Which halogen is used in water treatment to kill becteria?
(viii) Name the gas, which is used for earthquake prediction.

_ (ix) Namethegas, whichisusedinbactericidal lamps.

=%
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CHAPTER

6

TRANSITION ELEMENTS

In this chapter you will learn

l. Thedefinition and classification of transition elements.

2. The electronic configurations and the general characteristics like colour binding
encrgies, elc.

3. The definition of a complex compound and the related terms like ligand, coordination
number, etc.

4. Thenomenclature and the geometrical shapes of simple complex compounds.

5. Abriefdescription of the manufacture of wrought iron and steel from iron ore.

6. How corrosion is caused and the ways to preventit.

7. The important methods of preparation of potassium chromate, potassium dichromate,
potassium permanganate and their properties. r

6.1 INTRODUCTION

Transition elements may be defined as those elements which have partially filled d or
f-subshells in atomic state or in any of their commonly occurring oxidation states.

The d-block and the f-block clements are called transition elements because they are
located between the s and p-block elements and their properties are in transition between the
metallic elements of the s-block and nonmetallic elements of the p-block.

The electronic configurations of three series of d-block elements are givenin Table 6.1.

The detailed electronic configurations of the valence shell of the first transition series is
shown in Table 6.2. You will notice that in chromium one electron from s-subshell has been used
to halffill d-subshell. Similarly, in copper, one electron from s-subshell has gone to d-subshell to
fill it completely. This appears to be due to a certain measure of stability associated with a half
filled d* shell and a full d" shell.
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Table 6.1 Electronic configurations of three series of d-block elements

3d-block elements 4d-block elements Sd-block elements
Elemehts Electronic Elements Electronic Elements Electronic
configuration configuration configuration
Sc (21) [Ar] 3d" 4s? Y (39) [Krj4d'sst | La(57) | [Xe]5d'6s?
Ti (22) [Ar] 3d*4s? Zr (40) [Kr}4d? 55 HE(72) | [Xe] 4f" 5d* 65
V(23) | [Ar]3d4s Nb (41) [Kr}dd* 55! Ta(73) | [Xe]4f"5d® 6s?
Cr24) | [Af3d%ast | Mo(42) KddSss' | w(74) | [Xe]4f* 56
Mn (25) [Ar] 3d54s? Te (43) [Kr}4d® 55 Re(75) | [Xe] 4f" 5d56s?
- Fe(26) | [A)3d%4s® | Ru(44) [Kr]4d? 55! O0s(76) | [Xe]df* 5d¢ 652
-' Co@@7) | [Ar3d74s* | Rh(45) [Kr}ad®5s! r(77) | [Xe]4f* 5d7 6s?
51 Ni (28) [Ar] 3d* 4s? Pd (46) [Kr]4d' Pt (78) [Xe] 4" 5d° 6s!
Cu(29) | ' [Ar] 3d" 4s! Ag (47) [Kr]4d'® sy Au(79) | [Xe]4f" 5d' 6s!
Zn(30) |  [Ar]3d" 4s Cd (48) [Kr]4d'® 5s? Hg (80) | [Xe]4f* 5d" 6s?

6.1.1 Typical and Non-Typical Transition Elements

Group IIB elements (Zn, Cd and Hg) do
Table 6.2 Detailed electronic configurations

uot have a Pmﬁall}f filled d-.subshell cither-as of the valence shell of first series of
elements or in any of their ionic state. Neither do transition Elements

they show typical properties of transition 3d 4s
elements to any appreciable extent (except Sc @anl[1 1
complex formation). Similarly, I1IB (Sc, Y and Ti anl[1 [ 1
La) is another group of elements which do not v @l 1117 1
show many of the properties associated with | cr (an|| 1 |[1][11[3 1 1]
typical transition elements. They are transition LUGHHERIERIERIERE 1
elements by definition, as there is one electron in Fe (AN 4 (1 (L1 11 01 1
the d-subshell of each atom. In compounds they | €0 (A1 |1 ] |[1 |1 !
mostly occur as the tripositive ions, having no E; ﬁrﬂ} % T :l E ‘ ;d,
d-electron (the atom having lost its only one |z fﬁl‘} T [l 1

d-electron), hence they do not exhibit properties
of transition elements and behave like main group elements, In order to maintain a rational
classification, the elements of group 1B and group I11B are referred to as non- typical transition
elements and the elements in the remaining transition series are called t]l'plcal transition

Mm'ﬁ.ﬂ.
We treat the coinage metals Cu, Ag and Au as traition metals, since Cu™ has a 3d"

E X =
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+ configuration, Ag" a 4d"and Au™ a 5d" configuration.

: f- Block elements, i.e., Lanthanides and Actinides are also called inner transition
metals, whereas d-block ¢lements are called outer transition metals.
6.2 PROPERTIES OFTRANSITION ELEMENTS
Because of a similar electronic configuration, the d-block elements closcly resemble one
another in their physical and chemical properties.
Some of the points of their resemblance are given below.

1. They are all metals in true sense, some of which play important role in industry, e.g. Ti,
Fe, Cr, Ni, Cu, Mo, W, Zr, Nb, Ta, Th, etc.

2 They are all hard and strong metals with high melting and boiling points. They ure also
good conductors of heat and electricity.

3. They form alloys with one another and also with other elements.

With few exceptions, they show variable valency or oxidation state.

- Their ions and compounds are coloured in solid state as well as in solution form at least
in one ifnot all the oxidation states.

6.2.1 General characteristics

(a) Binding energies

Transition metals show good mechanical properties. They are tough, malleable and
ductile. Thetoughness of these metals indicates strong metallic binding. This is because, apart
from s-electrons of the outer most shell, the electrons of underlying half-filled d-orbitals also
participate in binding.

In moving from left to right in any transition series, the number of unpaired electrons
increases up to groups VB and VIB, after that pairing takes place and number of unpaired
electrons goes on decreasing until it becomes zero at group I1B, Table 6.3.

Therefore, binding is stronger upto »
group VIB and weakens progressively upto
group IIB. This trend of vaniation in binding
energies is shown in Fig. 6.1. In the first
transition series the general increase in
binding energy ends at vanadium. This is due
to changes in metallic structure, e.g. Mn, In
the third transition series, the increase in = & gl S
bindiog enersycncs atsungsten wheniall e SUCNRRIRREC LS
Sdelectrons contribute fo binding. Table 6.1 Binding energies of the elements

(b)  Melting and Boiling Points of the first and third transition series

Transition metals have very high melting and boilingpoints due to strong binding forces
present between their atoms. Melting points increase up to the middle of the series and then
B -




decrease to a minimum level at the end of the
series.

This trend in melting points
correlates well with the sirength of binding
forces as is clear from the Figs. 6.1 and 6.2.

c) Covalent Radii and Tonic Radii

The covalent radii decrease rapidly
al the start of the series, then become almost
constant and finally begin to increase at the
end of the series, The increase in covalent
radii is possibly due to the fact that the filled
3d orbitals have contracted into the electron
core and so shield the outer 4s electrons
more effectively from the nucleus, Fig. 6.3.

Changes in the ionic radii along the
series are much iess regular, so thal periodic
trends in the properties of these ions are
difficult to rationalize.

(d) Paramagnetism

Substances which are weakly
attracted by a strong magnetic field
ar¢ called paramagnetic substances.

Those substances which are weakly repelled =

by a strong magnctic field are called
diamagnetic substances.

Paramagnetic behaviour is caused
by the presence of unpaired electrons in an
atom, molecule or ion because there is a
magnetic moment associated with the

2000 b

Covalent and fonie radii (units of nm)

1000

At number Atomic mh':r-

Fig. 6.2 Mclting points of the elements of the first
and the third iransition series

180

' 60 == , { '1-»:- : '-._..a-'-- .a'l Sr Wil
Ly i N
Fig 5_1 Cnvaltnt radii (—4} and jonic radii (for

M") (— u) of first transition series elements

Table 6.4 No. of Unpaired electrons in the
First Series of Tr:nsltiuu Elements
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spinning electron. It increases with increase |[gg*  fif

in the number of unpaired electrons.
When the electrons are paired in an
orbital, then magnetic moments are
cancelled out and the substances become
diamagnetic.
The paramagnetic behaviour is the
strongest for Fe™* and Mn™ and decreases on

both sides of the first transition series. The
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reason is that both Mn* and Fe™ have 5
unpaired electrons each. The number
of unpaired electrons decreases
gradually to zero on both sides, as it is
clear from the Table 6.4. Fig.6.4 shows

the variation in the paramagnetic

effect of the ions belonging to the first
transition series.

(e) Oxidation State

One of the most important
properties of the transition elements is
the fact that they exhibit variable
valency or oxidation state. They show
variable valencies because of the
involvement of the unpaired d
electrons in addition to s electrons in
bond formation. All 3d series elements
show an oxidation state of +2 in
addition to higher oxidation states.

+2 oxidation state is shown when Ti(Ar) 3d'4s’
E:;m!he Iihe!ectrnns are involved in V(Ar) 3d'4s
ing. In the highest oxidation states of 5,1

the first five elements all the s and d S Gn e
electrons are used for bonding. After Mn,
the number of oxidation states decreases as
the d-subshells fill up and fewer unpaired = Co(Ar)3d'4s’
electrons are available for borid formation | Ni(Ar) 3d"4s’

asshown in Table 6.5.
(M Colour

 Transition E fﬂ;um-s

E |
E b
gL
g |
g 1 1 1 1 1 1 1 1 1
5" v Mn" Fe" Ni” Zn'
™ cr o Fe* . Ca” " -
Atomic number

Fig 6.4 Variation in the paramagnetic effect shown by
the selected ions across the first transition series

Table 6.5 Commonly Occurring Oxidation
States of the 1st Series of Transition Elements
Oxidation states

Oxidation states
| 1

Sc(Ar)3d'4s’ 23
23 4
7 R e
AL 5 6
Mn(Ar)3d4s' 1 2 3 4 5 6 7
Fe(Ar)3d4s’ -1 2 3 4. 5 6
B3 .4 .5
Q98- 4
Cu(Ar)3d*4s' 1 2 3
. Zn(Ar)3d"ss' 2

In transition elements, the d orbitals are responsible for the colour development in their
compounds. When these orbitals are involved in bonding, they splitup into two energy levels, one
sethas a higher energy than the other. The electrons residing in low energy d-orbitals absorb a part
of the visible light and jump to high energy d orbitals. The process is called d-d transition,
Fig. 6.5. The energy difference of d-orbitals varies from ion to ion. Thus, every ion absorbs a
different wavelength and transmits the remaining set of wavelengths that gives different colours

to the ions.

h*- —
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O O O O absorption of AE AE

Fig. 6.5 Absorption of yellow light by [Ti(H,0),]" ion.

In [Ti(H,0),]", yellow light is absorbed, while most of the blue and red lights are
transmitted, therefore the solution of [ Ti(H,0),]"ions looks violet in colour.
() Interstitial Compounds

When small non-metal atoms like H, B, C, N enter the interstices of transition metals and
impart useful features to them, they are called Interstitial compounds. These are
non-stoichiometric compounds. Sometime they are also termed as interstitial alloys.

(h) Alloy Formation ;

Owing to the similarity in their sizes, some transition metal atoms are able to replace one
another in the metallic lattice and form substitutional alloys among themselves. Alloy steels are
an important example of this type of material in which iron atoms are substituted by chromium,
manganese and nickel atoms, etc. to give the steel more useful properties. Other examples are
brass, bronze, coinage alloys, etc.

6.3 COMPLEXCOMPOUNDS

It has been observed that when the aqueous solutions of Fe [CN}: and KCN are mixed ’
together and evaporated, a new compound is obtained, which in aqueous solution does notionize - »
as Fe™ and CN " ions but ionizes as K' ion and [Fe(CN),]" ion (Ferrocyanide ion). On this basis it
has been given a formula K,[Fe (CN),]. :

Fe(CN), + 4KCN — K[Fe(CN)] —nZton, 4K*+ [Fe(CN)]"

Here [Fe (CN),] ™ is called a complex ion.

Such compounds containing the complex molecules or complex ions and capable of
independent existence are called coordination compounds or complexes.

A complex compound may contain

1. - asimplecationandacomplexanion

2. acomplex cation and a simple anion
6.3.1 Componentsof Complex Compounds

Itwnemsmymmdemanddlﬁmmmmsusadmﬂl;smdyofmmm .
These are as follows: _
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(a) Centr_'al Metal Ion
A metal atom or ion (usually a transition element) surrounded by a number of ligands is
called a central metal atom or ion, e.g. K,[Fe(CN),], [Ag(NH,),]CL
In the above examples, Fe™ and Ag'* are the central metal ions, respectively.
(b) Ligand
The atoms or ions or neutral molecules, which surround the central metal ion and donate
electron pairs to it, are called ligands. They may be anions or neutral molecules, e.g. K [Fe(CN) ],
[Ag(NH,),]CI.
In the above examples, CN  and NH, are the anionic and neutral ligands, respectively.
Ligands having two donor atoms are called bidentate ligands, e.g.

Oxalate ion ?GD is a bidentate ligand and its coordination with the metal ion occurs
: COoO"
through its both negatively charged oxygen atoms.
(c) Coordination Number
The number of lone pair of electrons provided by the ligands to the central metal atom or

ion s called the coordination number of the central metal atom or ion, e.g.

K. [Fe(CN) ], [Cu(NH,),]SO,

Inthe above examples, coordination number of iron is 6 and that of copperis 4.
(d)  Coordination Sphere 2
The central metal atom or ion alongwith ligands is called the coordination sphere. It is

. usually placed in square brackets. It may be anionic, cationic or neutral, e.g.

K.[Fe(CN),], [Cu(NH,),JSO,, [Ni(CO),]

In the above examples, [Fe(CN),]* , [Cu(NH,),]*" and [Ni(C0Q),])’ are anionic, cationic
and neutral coordination spheres, respectively.
(e) Charge on the Coordination Sphere

Itis the algebric sum of the charges present on the central metal ion and the total charge

onthe ligands, e.g;

[Fe(CN)J"
C’harg:ommn =+2
‘Ihinlchqrseonslxcy ions =—6

=—6+2=—4
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When two oxalato ligands C,0,” (bidentate [0 =c—0- D‘—
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ligand) get coordinated with Pt" ion, dioxalato . pgl(
platinate (II) ion is obtained. Each oxalate ligand 0=C D.i' “Ng._.t?é'
forms a five membered ring with the cation. '

em ring with the cation or [Pt(C,ﬂJ.]"J 1:'";
6.3.3 Nomenclature . Dioxalato - platinate (II) |

The nomenclature of complex compounds is based upon the recommendations by the

Inorganic Nomenclature Committee of IUPAC.
The rules for naming the complex compounds are as follows:

L. Cations are named before anions.

2, In naming the coordination sphere, ligands are named in alphabetical order regrad!uss of
the nature and number of each, followed by the name of central metal ion.

3. The prefixes di, tri, tetra, penta, he:fa, etc, are used to specify the number of coordinated
ligands.

4. The names of anionic ligands end in suffix O, e.g, hydroxo, (OH") carbonato (CO,").

< The names of neutral ligands are usually unchanged, e.g. for NH,, ammine and for H,0,
aqua and for CO, carbonyl.

6. The suffix 'ate’' comes at the end of the name of metal if the complex represents an anion,
otherwise it remains unchanged.

7. The oxidation number of the metal ion is represented by a Roman numeral in parenthesis
following the name of the metal. _

Examples: K [Fe(CN),] Potassium hexacayno ferrate (II) .

[PtC1(NO,)(NH,),]SO, Tetraammine chloronitro-platinum (IV) sulphate
. [Co(NO,),(NH,),] Triammiine trinitrocobalt (I11)

[n writing the formula of a complex ion, the usual practice is o place the symbol of the
central metal atom first, followed by the formulas of the anionic ligands mjlphahehcal order,
then neutral ligands in alphabetical order and the formula of the whole complex ion is enclosed i in
square brackets as is clear from the above exmnpi&u
6.3.4 Geometry of Complexes

The geometry of complexes depends upon the  type of hybridization tnkmg ;gm in the
valmce shell of lhu central m:tnlmm A : !

rrrrrrr
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64 IRON

. _g'Ihu important ores of iron are rﬁagnmite (Fe,0,), haecmatite (Fe,0,) and limonite
Fe,0,.3H,0 etc. Iron has been known since prehistoric days. It was used in Egypt in 1500 B.C. It
is known that the Chinese also used iron as carly as 2500 B.C. In the subcontinent, iron was
produced around 600B.C.

6.4.1 Commercial Forms of Iron
Iron is available commercially in the following three forms. They differ in carbon
contents as follows:
1. Pigiron orcastiron2.5to4.5% carbon
2 Wrought iron 0.12 to 0.25% carbon
3. Steel 0.25 to 2.5% carbon
6.4.2 Wroughtlron
Composition
__ Itisthe purest form of commercial iron and contains the lowest percentage of carbon and
upto 0.3% of impurities like 5, P, Siand Mn, etc.
$=0.2t00.15%, Mn=upto0.25 %, P=0.04t00.2%
6.4.3 ?Mul‘anhrre of Wrought Iron from Cast Iron
Itis manufactured from cast irori by puddling, i.e., by heating cast iron in a special type of

 reverberatory furnace called puddling furnace, Fig. 6.6. This furnace has a low roof fo deflect the

hot gases and flames downwards and to melt cast iron. The hearth of the furnace is lined with
haematite (Fe,0,). The castiron is placed on the hearth, melted by hot gases and stirred or puddled
with long iron rods called rabbles through the doors to bring it in thorough contact with the lining
ofthe hearth, 1.e.Fe,0,.

The haematite (Fe,0,) lining supplies oxygen, necessary for the oxidation of carbon,
sulphur, silicon, manganese and phosphorus present in the cast iron. Oxides of carbon and
sulphur, being volatile escape out athigh temperature.

3C+Fe,0, —> 2Fe+3CO i

3S8+2Fe,0, —> 4Fe+350,

Wlnle those of mnngmeu, silicon
38i+2Fe,0, —>  4Fe+3Si0,

Flt- “ Plddlhgflnm for the
mﬂmﬂthl
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With the removal of impurities, the melting point of the metal rises and it becomes a
semi-solid mass. At this stage, it is taken out in the form of balls or blooms on the ends of rabbles.
While still hot, these balls are subjected to hammering to squecze out, as much of slag as possible.
The product so obtained is known as wrought iron.

6.44 Steel

Steel is an alloy of iron containing 0.25 to 2.5% of carbon and traces of S, P, Siand Mn.
Classification of Steel
I. Mild Steel (0.1-0.2 % C)

It is fairly soft, malleable and ductile, can be forged (shaped by hammering and pressing
while hot). It is used in making tubes, nuts, bolts, bars and boiler plates.
2. Medium Carbon Steel (0.2-0.7 % C)

It is harder than mild steel. It is also malleable and ductile. It is used in making rails,
axles, castings.
3. High Carbon Steel (0.7-1.5 % C) ;

It is hard and can be forged, when containing less than 1.0% carbon. Steel containing
more than 1.0% carbon cannot be forged. It is used to make hammers, taps, dies, cutting tools,
machine tools, hard steel parts of machinery and all sort of engines. - -

Steel is intermediate in carbon content between cast iron and wrought iron, it can be
produced from:

(i) Cast iron by removing some carbon alongwith sulphur, phosphorus and silicon.

(ii) By adding the required amount of carbon to wrought iron, then adding some special
constituents, e.g. tungsten, chromium, vanadium, molybdenum, manganese, nickel and
cobalt which impart desired properties to the steel. At present most of the steel is
manufactured from cast iron.

6.4.5 Manufacture of Steel
In can be manufactured by the following processes.

Open hearth process (using cast iron, wrought iron or steel scrap)

2, Bessemer's process (using castiron only)

Some other processes are also used to prepare special type of steel from pure wrought

6.4.6 OpenHearthProcess
This lsthemostmudemmethud for the manufacture of steel. Itlsumadmnm;n open

iron.

Open hearth process is of two types.
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1. Furnace with acidic lining like Si0O, | Plnst of air
is used when the impurities are Mn,
Si, etc.

2. Furnace with basic lining like

dolomite (CaO, Mg0) is used when
the impurities are Pand S, etc.

Process '

A mixture of cast iron, scrap steel and quick
lime is charged into the furmace. At about
1600°C Si, Mn, C, 5, and Pare bumt out and ! Koot e

removed according to the following b —— Cr
Fig. 6.7 Open Hearth furnace for the

Hot gases Hot gases

reactions.
manufacture of sice! Tom cast iron
C+1/20; — cCO
Si+0, ———n Si0,

Mn+1/20, — . MnO

CO escapes in the flue gases. Silica (Si0,) combines with CaO, MnO and FeO to form
silicates (slag) which float on the surface of the maolten metal.

Si0,+Ca0 —— CaSiO,

SiOf-MnO  —  MnSiO,

Si0, + FeO ——  FeSiO,

Phosphorus and sulphur react with Fe,0, io form P,0,and SO,.

2Fe,0,+35 —— 4Fe +380,

SFe,0+#6P —— 10Fe+3P0,

These oxides react with calcium oxide to form slag.

P,0,43Ca0 —— Ca,(PO,), (Fenilizer)

SO, +Ca0O — CaSO, .

Samples are taken at intervals and the percentage of carbon in the steel is determined
regularly. When this is reduced to about 0.1%, the calculated weight of ferromanganese (Fe, Mn,
C) is added. Manganese desulphurises the steel. Carbon raises the carbon contents to the required
values. After giving time for mixing, a little more ferromanganese is added and the charge is
allowed to run into moulds where it solidifies to ingots.

The whole process takes about 10 hours. Slag contains calcium phosphate. It is ground to
powderand sold asa fertilizer.

6.4.7 Bessemer's Process.
The furnace used in this process is called Bessemer's converter which is a pear shaped
vessel made of steel plates. At the bottom the converter is provided with a number of holes
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through which hot air can be introduced. The [ ___________ F
converter is held wii & central axis so thatit | °
can be tilted in any desired position for | Lzbid &)
feeding and pouring out the finished | NS
materials, Fig.6.8.

Refractory

. : cach it " Brick
; Molten pig or cast iron (25 to 30 Lir:.ing
tons) from the blast furnace is fed nto the
converter and hot air blast is injected through

the perforated base. This oxidizes carbon,

silicon, and mangancse. —> Air
C *+ 120, — Co Trunnion &
Si+0, — 5i0,
2Mn+0, — 2MnO

These oxides form a slag of MnSi0,.
The heat evolved during the oxidation is

enough to keep iron in the molten state. Fig 6.8 Bessemer's converter for the
MnO+Si0, —— MnSiO; manufacture of steel from cast iron.

CO produced burns at the mouth of the converter with a blue flame. Iron is partly
oxidized to ferric oxide (Fe,0,) which also extracts carbon from cast iron to form CO.

4Fe+30, —  2Fe,0,

Fe,0,+3C —— 2Fe+3CO

Within 10 to 15 minutes the flame due to CO subsides indicating that the carbon is
completely oxidized. At this stage ferromanganese is added to correct the proportion of carbon to
obtain the desired qualities. A blast of air is continued for a moment to ensure thorough mixing.
The addition of Mn imparts increased hardness and tensile strength.

In order to remove entraped bubbles of gases (blow holes), such as O,, N,, CO,, a little
aluminum or ferro-silicon is also added. Aluminum removes nitrogen as nitride.

2A1+N, — 2A1IN

At the end of the operation, the molten steel is poured out into mouldes for casting. Such
casting are free from any defect.

6.5 CORROSION

Any process of chemical decay of metals dug to the action of surrounding medium is
called corrosion.

The simplest case of corrosion occurs when metals come into contact with gases of the
atmosphere. The surface of metals becomes coated with compounds such as oxides, sulphides
and carbonates. Such compounds sometime form a compact layer on the surface protecting the
metal from further attack.
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The case would be different when the metal is in contact with water. The compounds
formed in this case may dissolve in water, ﬁliﬂwing the corrosion to penetrate further into the
metal. Besides dissolving the compounds, water also promotes electrochemical process which is
one of the main causes of mﬁid corrosion.

6.5.1 Electrochemical Theory

Pure metals are not easily corroded, even iron hardly gets corroded if absolutely pure.
The impurities present in the metal promote corrosion. !

To understand why impurities accelerate the corrosion of metals, consider what happens
when two different metals come in contact with one another in moist air. Suppose, Cu is brought
in contact with Al. After sometime, we will notice that aluminium gets corroded while copper
remains intact. This can be explained by the electrochemical theory.

According to this theory, moisture and CO, are present on the surface of the metal. Water
ionizes into H  and OH " ions. CO, dissolves in water forming H,CO, which ionizes as follows:

[H,CO, ===¢(H'+ HCO;

Copper and aluminium
are, in a sense, immersed in the
solution containing H', OH™ and

HCO ions. This forms a galvanic || ==sm=========-==-- :

cell in which aluminium releases L ST T

electrons and changes to A" ion e £ 0

(being more reactive than Cu) i.e ~

it acts as positive electrode and

Cu acts as a negative electrode, Fig.6.9 Diagram of the corrosion of

aluminium in contact with copper

Fig.6.9.
Aluminium ions attract OH ion to’ form, Al(OH), i.e it starts disselving. The H' ions

_ present on the Cu receive the electrons and release as H,. In this way, aluminium corrodes
rapidly when in contact with copper which is lower in electrochemical series. From this, we can

conclude that when an active metal Al (higher in the electrochemical series) comes in contact
with less active metal Cu (lower in the electrochemical series) a galvanic cell is established. In
this process active metal corrodes rapidly, while the other remains intact.

6.5.2 Prevention from Corrosion

It has been observed that the amount of iron destroyed each year by corrosion equals to
about one fourth of its annual production. It is therefore necessary to prevent such a damaging
process and avoid this loss.

Different methods are used to prevent corrosion. The simplest of them consists of
protecting the surface of the metal from coming in direct contact with the surrounding by coating
it with oil, paint, varnish or enamel. It can also be prevented by alloying the metals or by coating
the metal withathin layer of another metal.
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6.5.3 Tin Plating or Coating Iron with Tin (cathode coating)

The process of tin plating consists of dipping the clean sheet of iron in a bath of molten tin
and then passing it through hot pair of rollers. Such plates are used in the manufacture of tin cans,
oil containers and other similar articles.

Tin itselfis very stable and protects the metals effectively as long as its coating on the iron
i5 intact.

If the protective coating is damaged, then iron comes into contact with moisture. A
galvanic cell is established in which tin acts as a cathode and iron as an anode. The electrons flow
from iron to tin, where they discharge H' ions, leaving behind OH' in the solution. These
hydroxide ions react with iron forming Fe(OH),, which dissolves rapidly in water. From this, it
can be concluded that plated iron gets rust more rapidly when the protective coating is damaged
than the non-plated iron.

6.5.4 Galvanizing or Zinc Coating (anode coating)

Galvanizing is done by dipping a clean iron sheet in a zinc chloride bath and heating. The
iron sheet is then removed, rolled into zinc bath and air cooled.

In this case, if a protective layer of zinc is damaged a galvanic cell is established in the
presence of moisture. Iron serves as a cathode and zinc as an anode. Electrons flow from zinc to
iron, as a result of which Zn decays while Fe remains intact. This is called sacrificial corrosion.

Fe*+Zn .~—— Zn" +Fe

This is the way galvanizing helps protecting iron from rust. This process is used in water
pipes, etc.

6.6 CHROMATESAND D[CHRDMATES

Chromates and dichromates are the salts of chromic acid, H,CrO,, and dichromic acid,
H,Cr,0, respectively. Both acids exist only in aqueous solution and when attempts are made to
isolate them from solution they decompose immediately into chromic anhydride (CrO,) and
water. Their salts are, however, quite stable. '

6.6.1 Potassium Chromate (K,CrO,)
Preparation
1. The chromates of alkali metals, which are soluble in water are obtained by oxidizing
trivalent chromium compounds in the presence of an alkali.
2KCrO,+3Br,+8KOH — 2K,CrO,+6KBr+4H,0
2, Chromates can also be produced by fusing Cr,O, with an alkali in the presence uf an
oxidant, such as potassium chlorate.
Cr,0,+4KOH+KCIO, —> 2K,CrO,+KCl +2H,0
3. Chromates are usually prepared from natural chromite (Fe0.Cr,0,), if the latter is
strongly heated with potassium carbonate in the presence of the oxygen. The resulting
fused mass will contain potassium chromate, which can be extracted with water, .

= -
e i

-
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4FeCr,0,+8K,C0,+70, — BK,CrO,+2Fe,0,+8CO,
6.6.2 Properties
Structure of Chromate [on

Almost all the chromates are yellow in colour. Some of them

are used as pigments. For instance, insoluble lead chromate, PbCrO,, is
employed for the preparation of yellow oil colour called yellow crown.

-

N
LA
K,CrO, and K,Cr,0, show similar properties, because in an

aqueous solution Cr,0; and CrO;” ions exist in equilibrium.
2Cr0,"+2H" =—= Cr,0," +HO

If an alkali is added to such a solution the hydroxyl ions will bind the hydrogen ion in
solution, the equilibrium will shift towards left and, as a result, dichromate ions will be converted
into chromate ions. Similarly on adding an acid the equilibrium will shift towards right and

dichromate ions will be formed.
6.6.3 Potassium Dichromate (K,Cr,0,)
Preparation

I K,Cr0, is converted to K,Cr,0, by using the above mentioned equilibrium. In an acidic
medium, the equilibrium will shift in the forward direction, i.e, changing chromate ions

into dichromate ions. )
2K.CrO,+ HSO,  —  K,Cr0, + K80, + H,0

2. Sometimes sodium dichromate is converied into potassium dichromate by reacting it

with KCl.
Na.Cr,0,+2KCl — & K.Cr,0, + 2NaCl

684 Properties
Physieal Properties

It is an orange red crystalline solid which 0 0
meltsat 396°C, itis fairly soluble in water. \ /

Dichromates are very powerful oxidizing | g =—cy 0 Cr =—
agents. Oxidation is carried out in an acid solution.
In this process, hexavalent chromium ion is mduoed
to trivalent chromium ion,

(8)  Reaction WithH,S
KCr0,+4HS0,  — KSO,+Cr(S0), +4H,0+3(0]
_ 3HS+3[0) —> 3H,0+38

(b)

ate oxidizes ferrous sulphate to ferric sulphate in the presence of

—
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sulphuric acid. ;
K.Cr.0, +6FeSO,+TH,850, — IFe(SO,)+ K,SO,+Cr(S0,), +7TH.O
(c) Reaction with Potassinm lodide
Potassium dichromate also oxidizes KI in the presence of H,SO,,
K.Cr,0,+6KI+TH.S0, —> 4K.S0,+Cr,(SO,),+3L+7H.0
(d) Chromyl Chloride Test . -
When solid potassium dichromate is heated with solid metal chloride in the presence of
concentrated sulphuric acid chromyl chloride is produced.
K.Cr.0,+4NaCl +6H,S0, —— 2KHSO,+4NaHS0,+2CrO0.Ci.+3H.0

hromyl chloride
Uses
1. K,Cr,0, finds extensive use in dyeing.
2 Itis used in leather industries for chrome tanning.
3 Itis used as an oxidizing agent.

6.7 POTASSIUM PERMANGANATE (KMnO,)
This compound is the salt of permanganic acid, HMnO,. It is an unstable acid and exists
only in solution.
Preparation ;
Itis prepared by acidifying the solution of potassium manganate, K,MnO, by H,SO,.
3K,MnO,+2H,80, — 2K,SO,+2KMnO,+MnO,+2H,0
On a large scale it is prepared from the mineral pyrolusite, MnO,. The finely pnwdemd
mineral is fused with KOH in the presence of air or an oxidizing agent like KNO, or KCIO,, etc.
This treatment gives us green coloured potassium manganate, K,Mn0O,, in fused state.
2MnO+4KOH+O, — 2K,Mn0O,+2H,0
MnO, + 2KOH+KNO, — K,MnO,+KNO,+H,0
3MnO, + 6KOH + KC10, —, 3K,MnO,+KCI+3H,0.

" The fused K,MnO, obtained as above is extracted with water and the solution, after S

filtration, is converted into potassium permanganate (KMnO,) by any o.f the following methods.
(a)  Stadeler's Process

hlthlsmtthodCl,m passed through the green solution ofl{,MnD.unhltthecnmuspurple .

_duc:tul the formation of KMnO,. Here, Cl, oxidizes K,MnQO, into KMnD
. 2KMnO,+Cl, —> 2KCl+2KMnO,
(b)  In this process CO, wmedmuughﬂmmsolumufmﬂ untﬂ:tbimm
' purple.
3K,MnO, + 2H,0 +4co§, L m.ino thoﬁil{ﬁ@” L

“Sree N ol
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(c) Electrolytic Oxidation Process

In this process, manganate is converted to permanganate by electrolytic oxidation.
During electrolysis of an aqueous solution of K,;MnO,, water is decomposed to evolve hydrogen
gas at the cathode and oxygen gas at the anode. Oxygen liberated at the anode oxidizes manganate
ion(MnO,)" into'pennanganatp ion(MnO,)", while hydrogen is liberated at the cathode.

2K.MnO,+H,0+ [0] — 2KMnO,+2KOH

The purple solution of KMnO,, obtained as above is filtered through asbestos,
concentrated and allowed to crystallize when KMnO, deposits as deep purple-red rhombic
prisms.
6.7.1 Properties

Potassium permanganate forms dark purple lustrous

crystals giving deep pink colour in solution. Its solubility in Q\e f
water at 20°C is only about 7%, while it dissolves more at
higher temperature (25% at 63°C). f \

_Potassium permanganate is a powerful oxidizing
agent. Oxidation is usually carried out in an acid solution.

(a) Reaction with H,S

Structure of
permanganate ion

[toxidises H,S to sulphur. -
2KMnO, + 3H,S0, —> K;SO,+ 2MnSO, + 3H,0 +5[0]
5HS + 5[0] '-——> SH,0 + 58

2KMnO, + 3H,SO, + SHS —> K,SO, + 2MnSO, + 55+ 81,0
(b)  Reaction with FeSO,
Itbi:i&izm!-‘esu.tu'f-‘e,(so‘},
. 2KMnO, + 10FeSO, + 8H,SO, —» K,SO, + 2MnSO, + 5Fe,(S0,), + 8H,0
(¢) - Reaction with Oxalic Acid
Itoxidizes oxalicacid to CO, and H,0
_ 2KMnO,+5H,C,0,+3H,S0, —> K,SO,+2MnSO,+10C0,+8H,0
(d)  Reactionwith KOH :
Whena:}alkalmﬂ solution of KMnO, is heated, O, is evolved.
4KMnO,+4KOH  —  4K,MnO,+2H,0+ O,
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KEY POINTS

Transition elements have partially filled d or f-subshells in atomic state or in any of their

commonly occurring oxidation states.

[1B and I1IB group elements are called non-typical transition elements.
Binding energies, melting points, paramagnetism and ‘oxidation states of transition

metals increase with increasing number of unpaired electrons.

Such compounds containing the complex molecules or complex ions and capable of
independent existence are called coordination compounds or complex compounds.

When a complex ion absorbs a wavelength from visible light, it transmits a set of
radiation that impart colour.

Wrought iron contains 0.12% — 0.25% carbon, while steel contains 0.25% — 2.25%

carbon.
Chromate and dichromate ions exist in equilibrium in an aqueous solution.

Chemical decay of metals under the action of their surrounding medium is called
corrosion. [t can be prevented by tin plating and galvanizing.

EXERCISE
Fillin the blanks. v
(i) The property of paramagnetism is dueto the presenceof  electrons.
(ii) MnO, ion has colourandCr,0;" has colour.
(iil)  When potassium chromate is treated withanacid____is produced.
(iv)  Thed-block elementsarelocatedbetween  and__~blockelements.
(v) Oxidation number of Fe in K,[Fe(CN),] is while in K,[Fe(CN),]
it is
(vi)  Thepresenceof _ inametal promotes corrosion.
(vii)  Ifcopperisin contact with aluminium gets corroded.

(viii) Complexes havingsp'd’ hybridization have shape. -
(ix) In naming the mmpiexns,nll the ligands are named in
(x) In an aqueous solution;, CrO,” and Cr,0," exist in the form of

lnd:-::atc true or false. y

(i) A substance which is attracted into amagnetic ﬁeldlssmdtohndlamngum

(1) Cumpnunds of the transition elements are mostly coloured.

(ii) F ¢ ions are blue when hydmtad. s — R —
(iv) . Anextreme case of paramagnetismis calledmmmnm - :
(v) Tin plating is used to protect iron sheets from corrosion. T
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(vi) . In galvmiﬁng, zinc prevents corrosion of iron.
(vii)  Tinplated iron gets rusted more rapidly when the protective coating is damaged
than the unplated iron.
(viii) Thename ofanionic ligands in a complex ends in suffix 'D'
(ix)  Pigironcontains greater percentage of carbon than steel.
(x) Complex compounds having dsp’ hybridization have tetrahedral geometry.
Q3. Multiple choice questions. Encircle the correct answer.
(i) = Whichofthe following is a non-typical transition element?
(a) Cr (b) Mn (c) ‘Zn (d) Fe
(ii) Which of the fullowing isa typical transition metal?
(a) Sc (b) Y (c) Ra (d) Co
(i) fblockelementsarealsocalled:
(a) non-typical transition elements. (b) outer transition elements.

(¢) normal transition elements, ~ (d) none is true
(iv)  Thestrength of binding energyoftransition elements depends upon:
(a) number of electron pairs (b) number of unpaired electrons
(c) number of neutrons (d) number of protons
(v) Grm.tp VIB of transition elements contains:
" .(a) - Zn,Cd,Hg . ()  Fe,Ru,Os
©) Cr,Mo, W (d) Mn, Te,Re
(vi)  Whichis the formula of tetraammine chloro-nitro-platinum (IV) sulphate?
(@  [PYNH,),(NO,)]ISO, - (b) [PINO,CI(NH,),]SO,
(¢)  [PtCI(NO,)(NH,)]JSO, (d)  [Pt(NH,),(NO,CI]SO,

~ (vii)+ Thepercentage of carbon in different types of iron products is in the order of :
: (a) - castiron>wroughtiron>steel (b) wrought iron > steel > cast iron
(<) cast iron > steel > wroughtiron (d) 'mtimn=steel}w_mughtirun..
(viii)  The cololuroftransition metal complexes is due tn
~ .(a)  d-dtransitionofelectrons.
(b)  paramagnetic nature of transition elements.

".{GJ 1 {d] 6
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The total number of transition elements is:

(a) 10 (b) 14 (©) 40 (d) 58 -

How does the electronic configuration of valence shell affect the following properties of
the transition elements? :

(a) Binding energy (b) Paramagnetism

(c) Melting points (d) Oxidation states
Explain the following terms giving examples.

(a) Ligands (b) Coordination sphere

(c) Substitutional alloy (d) Central metal atom
Describe the rules for naming the coordination complexes and give examples.

What is the difference between wrought iron and steel? Explain the Bessemer's process
for the manufacture of steel.

Explain the following giving reasons.

Why does damaged tin plated iron get rusted quickly?

Under what conditions does aluminium corrode?

How does the process of galvanizing protect iron from rusting?

How chromate ions are converted into dichromate ions?

Describe the preparation of KMnO, and K,CrO,.

Give systematic names to following complexes.

(@)  [Fe(CO)] (b) [CoNH)JICL - (o) [Fe(H;0)J"
(d Na[CoF] (¢) KICu(CN)] (0 -K[PCL]
(8)  [Pt(OH),(NH,),]SO, (h) [Cr(OH)(H,0)]
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oo FUNDAMENTAL PRINCIPLES
- OF ORGANIC CHEMISTRY

‘;-A sy e In this chapter'yuu will learn
I.  The special features of carbon chemistry with reference to its ability to form chains, rings
and isomers.

The importance of organic -:I:_man'iisu'g,-r in daily life.
About the sources of carbon and its compounds like coal, petroleum and natural gas with
_reference to their availability in Pakistan.
Refining, reforming and cracking of petroleum and to enlist products in a tabular form.
How can petroleum serve as a source of different type of fuels?
About the classification of organic compounds based on the carbon skeleton,
: ﬁbﬂﬂtﬂmctlunulgmupsmdthedepandmm of chemical properties on functional groups.
. Ahnutth:smmmrni isomerism in organic compounds.

L T

. That cis-trans isomerism arises due to restricted rotation around a carbon-carbon double
bond. : .
=10. How the hybridization theory can help us understand the type of bonding and the shapes of

7.1 INTRODUCTION

More than 200 years ago, carly chemists recognized organic compounds distinct from
inorganic compounds because of the differences in their origin and properties. Organic
compounds were considered as those obtained from living things, plants or animals, and
inorganic compounds were those obtained from non-living or mineral sources. The early
chemists never succeeded in synthesizing organic compounds and their failure led them 1o
believe that organic compounds could be manufactured only by and within living things and
these compounds could never be synthesized from inorganic materials. This theory was referred
to as vital force theory. This theory was rejected by Friedrick Wohler when he obtained urea
(NH,),CO, an organic compound in the urine of mammals, from ammonium cyanate, NH,CNO,

—
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a substance of known mineral origin.
NH,CNO s=—= (NH),CO

7.1.1 Modern Definition of Organic Chemistry.

Since the synthesis of urea from ammonium cyanate, millions of organic compounds
have been prepared and analyzed. All these compounds contain carbon as an essential element.
Apart from carbon, most of the organic compounds also contain hydrogen. Other elements which
may also be present include oxygen, nitrogen, sulphur, etc. For historical and conventional
reasons a few of the carbon compounds such as CO, CO,, carbonates, bicarbonates, etc are
studied as inorganic compounds. It also has been recognized that the chemical forces in organic
compounds are similar to those, which exist, in inorganic compounds. Thus it was felt that
organic chemistry should be redefined. According to the modern definition, organic chemistry is
that branch of chemistry which deals with the study of compounds of carbon and hydrogen
(hydrocarbons) and their derivatives.

7.2 SOME FEATURES OF ORGANIC COMPOUNDS

Following are some features of organic compounds.
(1) Peculiar Nature of Carbon

Carbon forms a large number of compounds. There are millions of organic compounds
known at present. The main reason for such a large number of compounds is its unique property
" of linking with other carbon atoms to form long chains or nngs. This self linking property of
carbon is called catenation. Carbon also forms stable single and multiple bonds with otheratoms
like oxygen, nitrogen and sulphur, etc. It can thus form numerous compounds of various sizes,
shapes and structures. ' I
(2)  Non-ionic Cha racter of Organic Compounds

Organic compounds are generally covalentcompounds, therefore, do not give ionic
reactions.

(3) Similarity in Behaviour

There exists a close relationship betweendifferent organic compounds. This is
exemplified by the existence of homologous series. This similarity in behaviour hn.s reduced the
study nf millions of compounds to only a few homologous series.

(4)  Complexity of Organic Compounds

Organic molecules are usually large and structurally more complex. For examplu,-sta.rc]:l_
has the formula (C.H,,0,), where n maybe several thousands. Proteins arevery complex
molecules haw.ng molecular masses rangmg from a few thousands to amillion.

(5 lsnmerism

Isomerism is a very common phenomenon in organic compounds. Very often more than.
one compounds are represented by the same mnlenular formula. However, they have different
structural fnmlula
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(6) Ratesof Organic Reactions

The reactions involving organic compounds are slow and in general the yields are low.
The slow rate of the organic reactions is due to the molecular nature of organic compounds.

(7)  Solubility

Most organic compounds are ‘insoluble in water -and dissolve readily in non-polar
organic solvents, such as, benzene, petroleum ether, etc.

73 IMPORTANCE OF ORGANIC CHEMISTRY

The importance of organic chemistry can hardly be over emphasized. Almost all the
chemical reactions that take place in living systems, including our own bodies, are organic in
nature because they involve such life molecules like proteins, enzymes, carbohydrates, lipids,
vitamins and nucleic acids, all contain thousands of carbon atoms. We have become dependent
upon organic compounds that occur in nature forour food, medicines and clothing. Over the
years, the chemists have learnt to synthesize plastics, synthetic rubber, medicines, preservatives,

. paints, vamishes, textile fibres, fertilizers, pesticides, detergents, cosmetics, dyes, etc. Many of

these synthetic compounds make up for the shortages of naturally occurring products.

" 74 SOURCESOF ORGANIC COMPOUNDS

Petroleum, coal and natural gas are vast reservoirs from which many organic compounds
are obtained. These are called fossil fuels and are formed, over long period of time, from the
decay of plants and animals.

Coal
~ Itisbelieved that coal in nature was formed from the remains of the trees buried inside
the earth crust some 500 millions years ago. Due to the bacterial and chemical reactions on wood

it got converted into peat. Then, as a result uf hi gh temperamm and high pressure inside the earth,
crust, peat got transformed into coal.

w.and—~—> Peat —""‘.;—,;.-—> > Lignite — ™" 5 Bituminous coal

Dvead plants
Sl \ Anthracite <——‘ et

Coal is an important solid fuel and a source of organic compounds when subjected to
carbonization or destructive distillation. When coal is heated in the absence of air (temperature
‘ranging form 500-1000°C); it is converted into coke, coal gas and coal tar. Coal tar contains a
large number of organic compounds, which separate out on fractional distillation.

The total coal resources of Pakistan are estimated by the geological survey of Pakistan to

quantity is used as a fuel fordomestic purposes.
Serious efforts are being made by the G'om-nmgmtumductmnl into industry by setting

——— e — e S

be 184 billion tonnes. About 80% of this coal is used to bake bricks, in lime kilns; besides, some
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up coal based power units. The Sindh Coal Authority and the directorates of Mmuul
Developments of the Punjab, Baluchistan and Khyber Pakhtunkhwa are all keen to expand coal
utilization in power generation for which many incentives have been made available.

Natural Gas

Natural Gas is an important means of energy c5pcc:atl}' for countries like Palustan,
which are deficient in the production of mineral oil and coal.

It is a mixture of low bmlmg hydrocarbons. Major portion of the natural gas is methane.
It is also formed by the decomposition of organic matter. In Pakistan the gas, being cheaper, is
used for power generation, in cement and fertilizer industries; as a fuel in industries and homes.
Petroleam

Mineral oil is called petroleum when it is in the refined form. It is thought to have been
formed by slow chemical and biochemical decomposition of the remains of organic matters
found between the sedimentary rocks. When extracted from rocks it appears like a liquid of
blackish colour known as 'crude oil'. It is refined to get different petroleum fractions. At present
four oil refineries are in operation in our country. One oil refinery known as Attock Oil Refinery is
located at Morgah near Rawalpindi. It has about 1.25 milliontonnes oil refining capacity.
Similarly, two oil refineries established at Karachi which-have about 2.13 million tonnes of oil
refining capacity. Another refinery known as Pak-Arab refinery is located at Mahmud Kotnear
Multan,

The crude petroleum is separated by fractional distillation into a number uf fractions
each corresponding to a particular boiling range, Table 7.1.

Table 7.1 Principal Fractions Obtained from Petroleum

Fraction

Na.turalga;s ]

Petroleum Ether 20 - 60 A ; -
Ligroin, ornaphtha | 60-100 |  CéHu,GHe | S material.
Gasoline T 40-220 ¢ R P =% Py

il 1?91',3?”,;-11‘ mﬂ@
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7.5 CRACKINGOFPETROLEUM

The fractional distillation of petr'c:-IEum yields only about 20% gasoline. Due to its high

demand this supplyis augmented by converting surplus supplies of less desirable petroleum
fractions such as kerosene oil and gas oil into gasoline by a process called cracking. It is defined
as breaking of higher hydrocarbons having highboiling points into a variety of lower
hydrocarbons, which are more volatile (low boiling). For example, a higher hydrocarbons C H,,
splits according to the following reaction.

CH,, —= CH,+3CH,=CH, + CH, - CH = CH,

Alkane

This is the process in which C-C bonds in long chain alkane molecules are broken,

producing smaller molecules of both alkanes and alkenes. The composition of the products
depends on the condition under which the cracking takes place. Cracking is generally carried out
in the following ways. :
(1) Thermal Cracking

Breaking down of large molecules by heating at high temperature and pressure is called

" Thermal Cracking. It is particularly useful in the production of unsaturated hydrocarbons such

as ethene and propene.
(2) Catalytic Cracking

Higher hydrocarbons can be cracked at lower temperature (500°C) and lower pressure
(2 atm), in the presence of a suitable catalyst. A typical catalyst used for this purpose is a mixture
of silica (8i0,) and alumina (A1,0,). Catalytic cracking produces gasoline of higher octane
number and, therefore, this method is used for obtaining better quality gasoline.
(3)  Steam Cracking

In this process, higher hydrocarbons in the vapour phase are mixed with steam, heated
fora short duration to about 900°C and cooled rapidly. The process is suitable for obtaining lower
unsaturated hydrocarbons.
Besides increasing the yield of gasoline, cracking has also produced large amounts of useful by-
products, such as ethene, propene, butene and benzene. These are used for manufacturing drugs,
plastics, detergents, synthetic fibres, fertilizers,” weed killers and important chemicals like

 ethanol, phenol and acetone.

7.6 REFORMING

The gllqllheﬁ'lmon present in petroleum is generally not of good quality. When it
burnsin an tuhnﬂ'.ﬁlﬁ“ﬂisuw, ‘combustion can be initiated before the spark plug fires, This
produces a sharp metallic sound called knocking which greatly reduces the efficiency ofan
mmw* fuel is indicated by its octane number. As the octane number increases,

- 1
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the engine s less likely to produce knocking. Straight- chain hydrocarbons have low. octane
numbers and are poor fuels. Experiments have shown that isooctane or 2,2,4- trimethyl pentane

burns very smoothly in an engineand has been arbitrarily givenan octane number
of 100, ;

The octane number of gasoline is improved by a process called reforming. It involves
the conversion of straight chain hydrocarbons into branched chain by heating in the absence of
oxygen and in the presence of a catalyst. ‘

CH: - CH,

CH, (CH,); — CH, 2= CH, — C — CH, — CH— CH,
-4 K Lang i !
; CH,

2.2 4-Tnmethylpentane

The octane number of a poor fuel can also be improved by blending it with a small
amount of additive like tetraethyl lead (TEL). Tetraethyl lead (C,H,),Pb, is an efficient antiknock
agent but has one serious disadvantage; its combustion product, lead oxide, is reduced to metallic
lead which is discharged into the air through the exhaust pipe and causes air pollution. '

7.7 CLASSIFICATIONS OF ORGANIC COMPOUNDS

. There are millions of organic compounds. It is practically not possible to study each
individual compound. To facilitate their study, organic compounds are classified jnto various
groups and sub-groups. They may be broadly classified into the following classes.

. - OpenchainorAcyclic compounds.
2, Closed chain or Cyclic (or ring) compounds.
(I)  Open Chain or Acyclic Compounds
This type of compounds contain an open chain of carbon atoms. The chains may be
branched or straight . The open chain compounds are also called aliphatic compounds.
Straight Chain Compounds i

Those organic compounds in which the carbon atoms are connected in series from one to
the other. o

Ch, - CH, ~ CH, - CH, HC=CH-CH,~CH,  CH,~-CH,~ CH,~ CH,-OH
n-Butane 1=Ehutene [ 1=-Hutanol




ﬂﬂnﬁ Iwmwmmmm atoms are attached on the sides of chain.

@‘ o CH,— C ‘= CH, CH,
‘hﬁ e ,lﬂ' ¥l otk ' S I
B GH, ey CCH; ol — C—cil
2-Methylpropane . 2 Methylpropene ‘
- (lsobuume) (Isobutylene)
' CH,

2 2, &-Ihimethvipropane (neopentane)

Closed Chnin Compounds or Cyclic Cnmpuunds
ese compuunds contain ulmd chains or rings of atoms and are known as cyclic or

tuhnzm o dintan: (N
ﬁ#ll*-gun el Wil

“‘II_‘i_ Wygiatoe ¥
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T el b.'lﬂ'r 2
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(a) Homocyclic or Carbocyelic Compounds L
The compounds in which the ring consists of only carbon atoms are called homocyclic
or carbocyclic compounds. '
Homocyclic compounds are further classified as:
1. Alicycliccompounds 2. Aromatic compounds
(1) Alicyclic Compounds
The homocyclic compounds which contain a ring ofthree or more carbon atoms and
resembling aliphatic compounds are called alicyclic compounds. The saturatedalicyclic
hydrocarbons have the general formula C H,,. Typical examples of alicyclic compounds are
given below.

H,
/.C\\ :
S HCORGH He \CEL
: HC —CHSS HC  ICH | || | |
[N\ || O ST
HC—CH, HC—CH, “HC—CH, ° H H;
Cyclopropane Cyclobutane . " Cyclopentane L'_'winhcmn Cyclohexane

One or more hydrogen atoms present in these compounds may be substituted by other
Eroup or groups. ' : '
(2) Aromatic Compounds

These carbocyclic compounds contain at least one benzene ring, six cubnn atummﬂx
three alternate double and single bonds. These bonds are usually shown in the form of a circle.

- Typical examples of aromatic compounds are given below.

H “'m1




Naphthalens

(b) Heterocyclic Compounds

The compounds in which the ring consists of atoms of more than one kind aré called heterocyclic
compounds or heterocycles. In heterocyclic compounds generallyone or more atoms of
elements such as nitrogen (N), oxygen (O) or sulphur (S) are present. The atom other than carbon
viz; N, O, or S, present in the ring is called a hetero atom.

0
: H
Pyt ; Furan Pyrrole " Thiophene
7.8 FUNCTIONALGROUP
‘An atom or a group of atoms or a double bond or a triple bond whose presence imparts

specific ptm‘ﬁﬁ fo organic compounds is called a functional group, because they are the’
chemically functional parts of molecules. The study of organic chemistry is organized around
ﬂmgmml groups. Each functional group defines an organic family. Although over six million
are known, there are only a handful of functional groups, and each one serves

msmmﬂ?;ﬂfmmﬁMph of functional groups are outlined in
Tablo7:2: -+ ol ,
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TABLE 7.2 FUNCTIONAL GROUPS

Functional group . Class of compounds E‘.!I'.ﬁ_t.,‘.+
Formula Name
~
& None Alkane H,C-CH,
~ <t = ; :
f':=(‘\ Double bond Alkene H,C = CH,
—C=C— Triple bond Alkyne HC = CH
e Halo (Auoro, chloro, Alkyl halide
-X(X=F -CH.-
(X=RCLBED) | o iode) CH,-CH,-Cl.
—OH Hydroxyl group Alcohol or alkanol : Cl_-ll- CH,-DH
—NH, .~Amino group Amine CH,-CH,-NH,
-r:,C =NH Imino group Imine CH,=NH
—{Z—O—lf— Ether linkage Ether CH,-CH,-O-CH,-CH,
O : 0
— Formyl group Aldehyde or alkanal | CH-C_
“H : : H
R A CH,_ -
C=0 Carbonyl Ketone or alkanone _ c=0
i i - CHy”
P - Carboxylic acid - CH, 9
— Carboxyl e e E :
R VIEP | (alkanoicacid) - _“OH
0 i :
e o Acid halide Acid halide CH,—C—Cl
_-?;_mq, Acid amide Acid amide. CH,—E—__.}!I{,
- I D : #‘0 p
R~ Ester groizp Ester e o
OR | . ; e
—SH Mercapto Thicalcohol or Thiel | ea,-cn,-sn
ey odengi Alkyl cymidnrlltnu
! ; - A3 ._. e L .-'l 1'1 v 1% -l _”
"o | e M e —..m..-H,’
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79 HYBRIDIZATION OF GEEB!T.L\. LS AND THE SHAPES ¢
MOLECULES
Although the most stable electronic configuration of a carbon atom (having two partially
filled 2p orbitals) requires it to be divalent, carbon is tetravalent in the majority of its compounds.
In'order to explain this apparent anamoly, it is assumed that an electron from the 2s orbital is
promoted to an empty 2p, orbital, giving the electronic configuration:
Ground state electronic configuration of carbon=1s'2s'2p, 2p, 2 p|
Excited state electronic configuration of carbon = 1s'2s' 2p, 2p, 2p,
The excited state configuration can explain the tctrﬁvalmcy of carbon but these four
valencies will not be equivalent. Orbital hybridization theory has been developed to explain the
. equivalent tetravaléncy of carbon.
i According to this theory the four atomic orbitals of carbon belonging to valence shell
.f may be mixed in different ways to explain the bonding and shapes of molecules formed by carbon
sp’ Hybridization
In order to explain the bonding and shapes of molecules in which carbon is attached with
four atoms, all these four atomic orbitals are mixed together to give rise to four new cquwalcm
hybrid atomic orbitals having same shape and energy. This mode of “hybridization is called
tetrahedral or sp” hybridization. -

#%%%

Unhybridized atomic arbitals of carbon
i . " I =z
which are
% = represented as
. the set
¥ i ¥ . i
' Four sp’ hybridized stomic orbitals:

Fig. 7.2 sp’ hybridization of carbon
Mﬂlueﬂmrsp hybrid orbitals are degenerate (having equal energy) and are directed at
_ anangleof 109, 5°in space to give a tetrahedral geometry.
When a carbon atom forms single bond with other atoms, these hybrid orbitals overlap
with ﬂ)ambdllsufﬂﬂe atoms to form four sigma bonds. This type of hybridization explams the
nﬂlhpunfﬂlﬂmammpomdsmwbmhmrbon atom is saturated.

B i —
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In the formation of methane,
the four hybrid atomicorbitals of
carbon overlap separately with four Is
atomic orbitals of hydrogen to form |
four equivalent C-H bonds. The shape

of methane thus formed is very similar { H“ H_ )
to the actual methane molecule. All the Methane Ethane

four hydrogen atoms do not lie in the ]

same plane. sp — hybridization in methane and ethane

In ethane, CH, — CH, , the two tetrahedrons of each carbon are joined together as shown
in the above figure. Further addition of a carbon atom with ethane will mean the attachment of
another tetrahedron.

At this stage, it is necessary to answer an importantquestion. From where does the

energy come to excite the carbon atom?
The answer to this question is simple. Before excitation the carbon should make two

covalent bonds releasing an adequate amount of energy. After excitation, however, it will form
four covalent bonds releasing almost double the amount of energy. This excess energy is more
than that needed to excite the carbon atom. So a tetravalent carbon atom is expected to be more

stable than a divalent carbon atom.
sp’ Hybridization
In order to explain the bonding in unsaturated compounds,two more modes of

hybridization have been developed. The structure of alkenes can be explained by sp’ mode of
hybridizaton. In this type one 2s and two 2p orbitals of carbon are mixed together to give three

equivalentand coplanar sp® hybridized orbitals, Fig. 7.3.

#*%’”%“*
X
s Pl ot

mmbmc to generale three sp’ h;rbnd mbaul:

which are
rtprmmnd a5

Fig. 7.3 sp’ hybridization of carbon
Each sp® hybrid orbital is directed from the centre of an equilateral triangle to rtsthree
comers. The bond angle between any two sp’ hybrid orbitals is 120°, The unhybridized 2p, orbital

will remain perpendicular to the triangle thus formed.
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In the formation of ethene molecule, three sp’ orbitals of each carbon atom overlap
separately with sp’ orbital of another carbon and 1s orbitals of two hydrogen atoms to form three
sigma bonds. This gives rise to whaj is called the o-frame work of ethene molecule. The
unhybnidized orbitals of each carbon atom will then overlap in a parallel way to form a n - bond,

Fig.7.4.
! H
S Ah G NV
H oH H @ gH

% - bond

Fig. 7.4 Formation of ethene
sp-Hybridization
The structure of alkynes can be explained by yet another mode of hybridization called
sp hybridization. In this type one 25 and one 2p orbitals of the carbon atom mix together to give

rise to two degenerate sp hybridized atomic orbitals. These orbitals have a linear shape with a
bond angle 180°,

' T =
¥ -
3 X 4 X
| ¢ ; ‘
Y Y
AN s P.

combine to penerate two sp orbitals 180%

z z
¥ o * x = which are x
A represented as
1 ¥ the set
g o Y

i .. Fig. 7.5 sp-Hybridization of carbon,
The two unhybridized atomic orbitals, 2p, and 2p,are perpendicular to these sp

hybridizZed orbitals.

Ethyne molecule is formed when two sp hybridized carbon atoms join together to froma
o-bond by sp-sp overlap, The other sp orbital is utilized to form a o-bond with 1s orbital of
hydrogen atom.

- >
-

Formation of o bond ; Fumuunn of = bond Space-filling model |

Fl;.‘i’.ﬁ Fm:ﬂnﬂ:ﬁym

|



The two unhybridized p Crl'hlta'S on a carbon atom will cvcrlap scparatcly with the
porbitals of the other carbon atom to give two n-bonds both perpendicular to the o-framework of
ethyne. The presence of a o and two mn-bonds between two carbon atoms is responsible for

shortening the bond distance.

7.10 ISOMERISM
The concept of isomerism is an important feature of organic compounds. Two or more
compounds having the same molecular formula but different structural formulas and properties

are said to be isomers and the phenomenon is called isomerism. The structural formula of a
compound shows the arrangement of atoms and bonds present in it. The simplest hydrocarbon to

have structural isomers is butane (C,H,,). The alkanes, methane, ethane and propane do not show
the phenomenon of isomerism because each exists in one structural form only. If we study the
structural formula of butane or other higher hydrocarbons of the alkane family, we will observe
that it is possible to arrange the atoms present in the molecule in more than one way to satisfy all
valencies. This means that it is possible to have two or more different arrangements for the same
molecular formula. For example, butane molecule can have two differentarrangements as
represented by the following structural formulas:

CH,
CH, - CH, - CH, - CH, CH, - CH - CH,
n-Butane Isobutane

This fact has been supported by an experimental evidence that there are two compounds
with different physical properties but with the same molecular formula of CH,,.
Isomerism is not only possible but common if the compound contains more than three carbon
atoms. Asthe number of carbon atoms in a hydrocarbon increases, the number of possible

isomers increases very rapidly.
The five carbon compound, pentane, has three isomers, When the number of carbon

atoms increases to thirty, the number of isomers amount to over four billions.

7.10.1 Types of Isomerism

(1) Structural Isomerism
The structural isomerism is not confined to hydrocarbons only. In fact, all classes of

organic compounds and their derivatives show the phenomenon of structural isomerism.
The structural isomerism arises due to the difference in the arrangement of atoms within
the molecule. The structural isomerism can be exhibited in five different ways. These are:

(i) The Chain Isomerism.
This type of isomerism arises due to the difference in the nature of the ca:boncham For
example, for pentane (C,H,.), the following arrangements are possible. CH
'3
CH- l
CH, - CH;- CH - CH, CH, — ? —CH,

CHI-_ CH;[_CH:"CH;—CHJ 1 ,

_ : CH, CH,

Isopentane " Heopeatane

— ——
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(i) Position Isomerism.

This type of isomerism arises due to the difference in the position of the same functional
group on the carbon chain.

The arrangement of carbon atoms remains the same.

Forexample,
(a) Chloropropane can have two positional isomers given below.
CH;-CH,-CH,-Cl CH, — CH- CH,
Cl

1-Chioropropane !-I('hmmpmmne

(b) Butene (C,H,) can have two positional isomers.
CH;-CH,-CH=CH, CH ~CH=CH-CH,
1-Butene 2-Butene

(iii)  Functional Group Isomerism

The compounds having the same molecular formula but different functional groups are
said to exhibit functional group isomerism. For example, there are two compounds having the
same molecular formula C,H,O , but different arrangement of atoms.

- CH,-O-CH, . CH,-CH,-OH

Dimethyl ether Ethyl alcohol
(ivy  Metamerism

This type of isomerism arises due to the unequal distribution of carbon atoms on either
side of the functional*group. Such compounds belong to the same homologous series. For
example, diethyl ether and methyl n-propyl ether are metamers.

CH,—CH,~- O-CH,~- CH, ~ CH,-O~CH, CH ~CH,

Dimethyl ether Methyl n- propyl ether
For a ketonic compound havmg the molecular formula C H,.U the following two

metamers are possible.
0] 0

; Il Il
CH,~CH,- C-CH,~ CH,  CH,-C-CH,—CH,-CH,
Diethyl ketone Methyl n-propyl ketone
) Tautomerism

. Thistype of isomerism arises due to shifting of proton from one atom to other in the same
molecule. .

_ Ty
R—C— NH, == R—C— NH,
I |y
H ] H'?

Zwitter ion
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(2)  Cis-trans Isomerism or Geometric Isomersim

Two carbon atoms joined by a single bond are capable of free rotation about it. However,
when two carbon atoms are joined by a double bond, they cannot rotate freely. As a result, the
rf]atjva positions of the various groups attached to these carbon atoms get fixed and gives rise to
cis-trans isomers. 4
Such compounds which possess the same structural formula, but differ with respect to the
positions of the identical groups in space are called cis-trans isomers and the phenomenon is
. known as the cis-trans or geometric isomerism.

The necessary and sufficient condition for a compound to exhibit geometric isomerism is
that the two groups attached to the same carbon must be different.

2-Butene can exist in the form of cis and trans isomers.

H,C CH, H CH,
t- ¢ £-¢
T -
H H CH, H
Cis Trans
Similarly 2-pentene and |-bromo-2-chloropropene also show cis-trans isomerism.
CH,—CH,\ fCH, H\C CH, Br f(:| E{ CH,
£=Q Mo iodiarc
H H H,CCH, H H CH, H Cl
Cis 1 Trans J -Cis Trans

2-peniene ¢ 1-bromo-2-chlororpopene
In the cis-form, the similar groups lie on the same side of the double bond whereas in the trans-
form, the similar groups lie on the opposite sides of the double bond. The rotation of two carbon
atoms joined by a double bond could happen only if the =-bond breaks. This nrdma.nl}' costs too
much energy, mdking gﬂumetnc isomers possible.
KEY POINTS
13 Chemical compounds were classified as organic and inorganic compounds based upon
their origin. Organic compounds are obtained from living thmgs whems mnrgamc
compounds are obtained from mineral sources.
2 It was thought that organic compounds could not be synthesized in the labomtnr:.r from
INOTganic sources.
3. Organic chemistry is nowadays defined as the chemistry nf hydrocarbons and their
derivatives.
4, Most of the commercially impormntcompoundsweuse_evewda]rm'?:gmic innature,
3t Coal, petroleum and natural gas are important sources of organic compounds.
6. The process of cracking is developed to increase the yield of lnrwerlwdrnwbnns which
serve as important fuels commercially.
7. Organic compounds are classified into acyclicand cycliccompounds.




8. The study of organic chemistry is organized around functional groups. Each functional
group defines an organic family.
9. The type of bonding and the shapes of different types of compounds formed by carbon
can be explained by sp’, sp’ and sp modes of hybridization.
10. Compounds having the same molecular formula but different structural formulas are
called isomers. There are four different types of structural isomers.
11. Isomerism arising due to restricted rotation around a carbon- carbon double bond is
called cis-trans isomerism.
EXERCISE
QL  Fillintheblanks -
1) Organic compounds having same molecular formula but different ___ are
called isomers.
i) The state of hybridization of carbonatomin____ issp’.
i1) Alkenes show due to restricted rotation around a carbon-carbon double
bond.
iv) Heating an organic compound in the absence of oxygen and in the presence
-of as acatalystis called cracking.
v) A group of atoms which confers characteristic properties to an organic
compound is called
vi) 2-Butene is of 1-butene.
vii)  Carbonyl functional group is presentin both and ketones.
viil)  Aheterocyclic compountl contains an atom other than in its ring.
ix)  Thequality of gasoline can be checked by finding outits___
x) A carboxylic acid contains as a functional group.
Q2  Indicate true or false.
() There are three possible isomers of pentane.
(i) Alkynes do notshow the phenomenon of cis-trans isomerism. !
(1)  Organic compounds cannot be synthesized fmm inorganic mmpaunds
(iv)  Allclosechain compounds are aromatic i mnnture
(v) . Thefunctional group pmsentm amides is t;alledan amino Eroup.
(vi) Government of Pakistan is trying{o use coal for power generation. .
(vii)  Crudepetroleum is subjwu:d to Erant:nnal dmtlllntmn in order to separate it into -
different fractions. 4
(viii) - Abondbetween carbon andhydm-gm servesas a functional group for alkanes.
(ix) u—Nl_guctuhme and p-nitrotoluene are the examples of functional group
isomerism.
(x) Almost all the chemical reactions takmg phar. in our hody are inorganic in
nammh P
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Q3.

Q4.
Q5.
Q6.
Q7.
Qs.

Q9.

Q10
Q11.
Q12

Ql3.

Ql4.

Q15.

Multiple choice questions. Encircle the correct answer. |
(1) The state of hybridization of carbon atom in methane is:

@ sp’° () sp' (9 sp (@ dsp’
(ii) In t-butyl alcohol, the tertiary carbon is bonded to:

(a) two hydrogen atoms (b)  threehydrogenatoms
(c) one hydrogen atom (d) no hydrogen atom
(iii) ~ Which set of hybrid orbitals has planar triangular shape.

W _ p' ® wp (© sp° (@ dsp’

(iv) The chemist who synthesized urea from ammonium cyanate was:
(a) Berzelius (b) Kalbe (c) Wholer (d) Lavoisier
(v) Linear shape is associated with which set of hybrid orbitals?

(a) sp (b) sp' (¢ s’ (d dsp’
(vi) A double bond consists of:
(a) two sigma bonds (b) onesigmaandonepibond |

(¢)  onesigmaand two pibonds (d)  twopi-bonds
(vii)  Ethers show the phenonenom of: -

(a) position isomerism (b)  functional group isomerism
(c) metamerism (d) cis-trans isomerism

(viii)  Select from the following the onewhichisalcohol: 7

(a) CH,~CH,-OH ~ /@) CH~O=CH;

(c)  CH,COOH (d) ~ CH,~CH,-Br

How are organic compounds classified? Give suitable examples of each type.

What are homocyclic and heterocyclic compounds? Give one examp!r.: of each. ¢

Write the structural formulas of the two possible isomers of C,H,,. E

Why is ethene an important industrial chemical?

What is meant by a functional group? Name typical functional groups containing
oxygen. X

What is an organic compound? Explain the importance of Wohler's work in the
development of organic chemistry. .
Write a short note on cracking of hydrocarbons.

Explain reforming of petroleum with the help of suitable example.

Describe important sources of organic compounds.

What is orbital hybridization? Explain sp’, sp’ and sp modes of hybridization of carbon.
Explain the type of bonds and shapas of the following mulmﬂﬁs using hybmlmtiun

approach.
CH, — CH,, CH,=CH,, CH=CH, HCHO, CH,CI

Whyﬂammnuﬁumonmunﬂadnublebondanﬂaﬁeemmamm&pmgh_

bond? Discuss cis-trans isomerism. 3 1 L
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8.1 INTRODUCTION

Hydrocarbons are organic compounds which contain carbon and hydrogen only. The
number of such compounds is very large because of the property of catenation. Hydrocarbons
have been divided into various classes on the basis of structure of the chain or size and nature of
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Aliphatic Hydrocarbons .

If all the valencies of the carbon atoms in a molecule are fully satisfied and these cannot
further take up any more hydrogen atoms, then the hydrocarbons are named as saturated
hydrocarbons or alkanes. The compounds of carbon and hydrogen in which all the four valencies
of carbon are not fully utilized and they contain either a double or a triple bond, such compounds
are called unsaturated hydrocarbons.

Those unsaturated hydrocarbons which contain a double bond are called alkenes while
those containing a triple bond are called alkynes. Classification of hydrocarbons has been shown
atpage 136, N
8.2 NOMENCLATURE
8.2.1 Common or Trivial Names

In the early days, the compounds were named on the basis of their history, the method of
preparation or name of the person working on it, ¢.g., the name marsh gas was given to methane
because it was found in marshy places. Acetic acid derives its name from vinegar (Latin, acetum
means vinegar). Organic compounds were named after a person, like barbituric acid after
Barbara. Such a system may have a certain charm but is never manageable.

For alkanes with five or more carbon atoms, the root word is derived from the Greek or
Latin numerals indicating the number of carbon atoms in a molécule, and the name is completed
by adding 'ane' as a suffix, e.g. pentane (C,H,,), hexane (C,H,,), heptane (C;H, ), etc. The common
or trivial names are applicable to all isomers of a given molecular formulm The preﬁxes n, iso,
neo are, however, to differentiate between isomers. -

CH; —CH,—CH, —CH, H,C — L]IH,—CH,

n-Butane CH,

Isobutane CH,

I

CH, —CH,—CH,— CH,—CH, H,C —CH, — CH, —CH, H,C — {13 —CH,

n-Pentane _(|:H1 CH,

Isopentane MNeopentane

These prefixes have only limited use, as they are not workable with complex molecules.
Moreover, common names give only minimum information about the structure of the

compounds.
Alkenes are similarly named by replacing the ending ‘ane’ of the name of alkane with

‘ylene’. e.g. ' (I:H,
H,C =—CH, H,C — CH==CH, _ H,C — C — CH,
Ethylene Propylene Isobutylene

r
. i

8.2.2 IUPAC Names

In 1889 the solution for naming the organic compounds !}fstmnahﬂﬂj’ was sought by
Intemnational Chemical Congress. A report was accepted in 1892 in Geneva but it was found

-
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“incomplete. In 1930, International Union of Chmmsls (IUC) gavea mudlﬁed report which is also
referred as Liege Rules.
This report was further modified by Intemational union of Pure and Applied Chemists
(IUPAC) in the year 1947. Since that date the union has issued periodic reports on rules for the
systematic nomenclature of organic compounds, the most recent of which was published in the
year 1979, IUPAC system of nomenclature is based on the following principle.
"Each different compound should have a different name'.
_ Thus through a systematic set of rules, the [UPAC system provides different names for
- more than 7 million known organic compounds.
Nomenclature of Alkyl Groups:
- If we remove one hydrogen atom from an alkane, we obtain what is called an alkyl
glwp?'l’hﬁe alkyl groups have names that end in —yl. When the alkane is unbranched and the
Ilydmghamm I:Imt isremoved is a terminal hydrogen atom, the names are straight forward:

Abbreviation

mbﬂwmh ﬁbﬁnus from the way the formula is
W #lhmudﬂlgnateduahepm::becausethe




Number the longest chain hegmnmg from the end of the chain nearer the mﬁm
Applying this rule, we number the two alkanes shnwnabavemthﬂo.-uwmgm

4 3 Substituent
H,c —CH, —c.'H, — CH,— {I:H —QU
2CH,
|
1 CH,

[ 5 4 3 2 1
H,C —CH,—CH,—=CH == {|:H —CH,
CH,

Substituent \_‘/ﬂ

Use the numbers obtained by the application of rule 2 to designate the location of the
substituent group. The parent name is placed last, and the substituent group, preceded by
the number designating its location on the chain, is placed first. Numbers are separated
from words by a hyphen. The systematic names of the two compounds shown above will
then be:

1 6 5 4 3 -
H,C —CH,—CH\S—CH, — (i':l-l =—CHj
2CH,
1
3-Methylheptane ICH,
: y _‘ LR T e
- H,c -—c:H —CH,—CH.—CH 9’% & ¢

I-Med:ylbexlnﬁ 1CH, "@f

" When twu or more suhstltuents are pmant. give nach suﬁé@t a*' '
corresponding to its location on the. longest chain. Forquple. wc lesig
foﬂdwmgwmpoundas4-eﬂ:yl-2 mﬁﬂwlhm




- “The substituent groups should be listed Siphabstiolly (1. ethyl befors ety la
decidin abetical order disregard multiplying prefixes such as “di” and “tri".
'S Whentwosubstituents are present on the same carbon atom, use that numiber twice.
L] E}{I
s |apry 5
H,C —CH,—'Ll': — CH,—CH,— CH

o
CH,
; 3-Eethyl-3-methylhexane
6.  Whentwoormore substituents are identical, indicate this by the use of the prefixes di, tri,
Q - tetra, and so on. Then make certain that each and every substituent has a number.

Commas are used to separate numbers from each other.
CH,

H,C —tIZ‘H — CH— (IZH—CH,

CH, CH,
2,3 4 Trimethyl butane




8.2.4 Nomenclatureof Alkenes

alkanes.

I

8.2.5

The IUPAC rules for naming alkenes are similar in many respects to those for naming

Select the longest continuous chain that contains the C = C as the parent chain. Change
the ending of the name of the alkane of identical length from — ane to—ene, &.g.,

H,C —CH,— CH,
6 5 4 3 2 1
H,C —CH,— CH,— C = CH— CH,
3-n-Propyl 2-hexene
Number the chain so as to include both carbon atoms of the double bond. Numbering
begins from the end nearer to the double bond.
CH,

6 Is
H,C—CH ——CH —-CH CH—CH

5-Methyl 2-hexene

Designate the location of the double bond by using the number of the first atom of the
double bond as a prefix.

| 2 3 4 2
H,C = CH — CH,— CH, ==CH — CH _— CH — CH
1-butenc I-pentene

Indicate the locations of the substituent groups by the numbers of the carbon atoms to
which they are attached.

CH, CH,
CH | 1 |
| )| 3 4 . ,C—C= CH—CH,—(IIH-CH
HC—mC-“CH——CH CH,
2-Methyl-2-butene : . 2,5, S-Trimethyl-2-hexene

If the parent chain contains more than one double bonds, they are alkadienes for two,
alkatrienes for three and so on. '

Nomenclature of Alkynes

The largest continuous carbon chain containing triple bond is selected. The nap:un’fﬂii‘-

identical alkane is changed from ane to —yne. e.g.

2 1 a 2 1 AR TR SN
HC =CH HC—C= CH . ooy A o
Ethyne Propyne - s '-I A

I KR
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Z. The position of triple bond is shown by numbering the alkyne, so that minimum number

is assigned to the triple bond.

CH,
4 3 2 1 6 5| 4 3 r ] |
HC— CH,—C=CH HC—CH—CH,—CH,—C==CH
1-Butyne S-Methyl-1-hexyne

3. Ifa hydrocarbon contains morg than one triple bonds, it is named as alkadiyne and triyne,

etc. depending on the number of triple bonds.

(] 5 4 3 2 1
HC=C —CH,—CH,—C== CH
1, 5-Hexadiyne

4, Ifboth double and triple bonds are present in the compound then ending enyne is given to

the root.
a. Lowest possible number is assigned to a double or a triple bond irrespective of whether

ene or yne gets the lower number.

1 2 30 4 5 | 3 3 4 3
HC=C—CGH—CH —CH, HC=—CH— C=C — CH,

3-Penten-1-yne |-Pentene-3-yne
b. In case a double'and a triple bond are present at identical positions, the double bond is
given the lower number.
CH,
o @ PO
HC= C — CH — CH = CH,

3-Methyl-1-penten-4-yne
8.3 ALKANESORPARAFFINS
Alkanes are the simplest organic compounds made up of carbon and hydrogen only.
They have a general formula of C_H,,.,. In these compounds the four valencies of carbon atoms
are satisfied by single bonds to either other carbon atoms or hydrogen atom. They are, therefore
known asSaturated Hydrocarbons . Methane (CH,) is the simplest member of this family. Each
carbonatom inalkane is sp’ hybridized and has a tetrahedral geometry.
8.3.1 General Methods of Preparation
(1) Hydrogenation of Unsaturated Hydrocarbons
.(Sabatier-Sendern's Reaction)
Hydrogenation of alkenes or alkynes in the presence of nickel at 200-300°C yields

' R O (CH o H B R b oy oy
Alkenc 2LV s 200 - INPC 21}::11: 1
CH, = CH,  + H, g CH—CH,




The hydrogenation can also be carried out with platinum or palladium at room
temperature but they are expensive than nickel.

The method is of industrial irnpnna_l{i:c. Production of vegetable ghee by the catalytic
hydrogenation of vegetable oil (unsaturated fatty acids) is an example of the application of this
method on industrial scale.

(2) From Alkyl Halides:

An alkane is produced when an alkyl halide reacts with zinc in the presence of an

aqueous acid.

R%- X+ 7Zn + H F X —— RIS X
Alkyl halide Alkane
CH— 1 +2n + H + I' —— CH, + Znl,
Alkyl iodide Methane

CH — CH, — CH— CH,
+Zn+H + Br —— CH—CH — CH, — CH,+ ZnBr,
Br n-butane

2-Bromo-butane

Alkanes can also be prepared from alkyl halides using palladium-charcoal as a catalyst.
The method is known as Hydrogenolysis (hydrogenation accompanied by bond cleavage).

R— X+ H —r> R—H+H—X

(3)  Decarboxylation of Monocarboxylic Acids

i) When sodium salts of fatty acids are heated with sodalime (prepared by soaking quick
lime (Ca0) with caustic soda solution and drying the product} They eliminate a
molecule of CO, to form alkanes.

R—C — ONa® + NaOH —=2,  RH & Na€O, :

Sod. salt of an acid &

. " m
HC—CH,—C.— O'Na' + NaOH_——>_ HC—CH,+Na,c0,
Sudhuplunal: : Ethane

i) Kolbe's Electrolytic Method

When a concentrated solution of sodium or potassium salt of a mono urboxyhc acidis -

elecﬁulyﬂmﬂkmempruduwd.lhsmeﬁndisoﬂyauiﬂhhfmmﬁm&nﬁf

Smnﬂtncn[alkanmla ﬂmsuufﬂ:ulypeR—KMﬂhmcmﬂbemww o e
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Rﬁhﬂi‘ﬂﬂhmﬁl\rﬁﬂiefullnwmg meéchanism.

m.,g ;}'lbﬂn" tassium salt of acetic acid is electrolysed, acetatc ion migrates towards the
Me:si ves up one e]em'm to produce acetate free radical (CH, C00), which decomposes to
gwaamsﬂ:wl free radical (CH,)andCﬂ, Two such methyl radicals combine to give ethane.

-

iy & gL l Lo G

J\( SHC——C— 0K == 2HC —C — O+ 2K’

0
&,

O R HC == C — 0 + 2¢
R —
=

2CH, + 2C0,

H,C — CH,

GRS | o6f- T+ H,

———-@" , 2KOH
74*# o>

ppl .,. Wl sk Hlﬁf%ﬂilﬂﬂﬂhﬂﬂfﬂdﬂpmmﬁ

{ ‘Intlmihrmerrw:nnnakﬂunc
._h}'d:ochlonc&ﬂwhermmthe later an
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(5) From Grignard Reagents

Alkyl halides react in anhydrous ether with magnesium to form alkyl magnesium
halides, known as Grignard Reagent. They decompose on treatment with water or dilute acid to
give alkanes.

Br
8 & i a Ether
CHMgBr + H—OH = CH, + Mg
OH
Br
a i’ 8 &
CH;— CH,— MgBr + H—OH ——— H,C—CH,+ Mg
4 N
OH

8.3.2. Physical Properties

L. Alkanes containing upto four carbon atoms are colourless, odourless gases while
pentane to heptadecane (C, to C,,) are colourless, odourless liquids. The higher members
from C,, onwards are waxy solids which are also colourless and odourless.

2. Alkanes are non-polar or very weakly polar and are insoluble in polar solvents like
water, but soluble in non-polar solvents like benzene, ether, carbon tetrachloride,etc.
3. Their physical constants like boiling .points, melting points, density, etc increase with

the increase in number of carbon atoms, whereas solubility decreases with increase in
molecular mass. The boiling point increases by 20 to 30°C for addition of each CH,
group to the molecule. The boiling points of alkanes having branched chain structures
are lower than their isomeric normal chain alkanes, e.g. n-butane has a higher boiling
point—0.50°C than isobutane (—11 .7°C).

4, The melting points of alkanes also increase with the increase in mu]cr:ular mass but this
increase is not regular.

8.3.3. Reactivity of Alkanes

The alkanes or paraffins (Latin: parum = little, affins = affinity) under ordinary condition
are inert towards acids, alkalis, oxidizing and reducing agents. However, under suitable
conditions, alkanes do undergo two types of reactions. -
1. Substitution Reactions
2. Thermal and Catalytic Reactions

. These reactions take place at high temperature or on absorption of light energy through

the formation ofhighly reactive free radicals.

The unreactivity of alkanes under normal conditions may be explained on the basis ofthe
non-polarity of the bonds forming them. The eletronegativity values of carbon (2.5) and
hydrogen (2.1) do not differ apprecuhly and the bonding electrons between C-H and C-C.are

I ——— i e i
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equally shared making them almost non-polar. In view of this, the ionic reagents such as acids,
alkalies, oxidizing agents, etc find no reaction site in the alkane molecules to which they could be
attached.

Inertness of o-bond

The unreactivity of alkanes can also be explained on the basis of inertness of a o-bond. In
a o-bond the electrons are very tightly held between the nuclei which makes it a very stable bond.
A lot of energy is required to break it. Moreover, the electrons present in a o-bond can neither
attack on any electrophile nor a nucleophile can attack on them. Both these facts make alkanes
less reactive.

8.3.4 Reactions
1. Combustion :

Buming of an alkane in the presence of oxygen is known as Combustion.

Complete combustion of an alkane yields CO,, H,0 and heat. The amount of heat
evolved when one mole of a hydrocarbon is burnt to CO, and H,O is called heat of combustion,

€.8;
Fi

CH, g + 20, —_— CO, @ +2H,0O@ + 891 klmol™
Although the reaction is highly exothermic, it requires very high temperature to initiate
it,e.g. by aflame ora spark.
Combustion is the major reaction occurring in the internal combustion engines of
automobiles. A compressed mixture of alkanes and air burns smoothly in the internal combustion
engine and increases its efficiency.

2. Oxidation
Oxidation of methane under different conditions gives different products.

) Incomplete oxidation occurs in a limited supply of oxygen or air and results in the
formation of CO and carbon black.

3CH, (& + 40, @ e, 2C0 @ +6H,0(@ + Cs)

ii) Catalytic Oxidation

Lower alkanes when bumnt in the presence of metallic catalysts, at high temperature and
pressure, result in the formation of useful products.

CH,y+ [0l =——=— HC-OH
i oS 300 Methyl alcobol
Ca
H,C—OH + [0] o HCHO +H,0
v . Formaldehyde ;
'HCHO + [0] = HCOOH
. ) Formic acid

~ HCOOH + [0] =%—  CO, +H0

S s e il

e
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Catalytic oxidation of alkanes is used industrially to prepare higher fatty acids used in
soap and vegetable oil industries.
3. Nitration

It is a substitution reaction of alkanes in which a hydrogen atom of an alkane is replaced
by nitro group (-NO,). Alkanes undergo vapour-phase nitration under .drastic condition
(at400-500°C) to give nitroalkanes, e.g. -

CH, + HONO, —=—  CH,NO, + HO
Nitromethane
Nitroalkanes generally find use as fuels, solvents, and in organic synthesis.

4. Halogenation

Alkanes react with chlorine and bromine in the presence of sunlight or UV light or at
high temperature resulting in the successive replacement of hydrogen atoms with halogens
called halogenation. Extent of halogenation depends upon the amount of halogen used.

Reaction of alkanes with fluorine is highly violent and results in a mixture of carbon,
fluorinated alkanes and hydrofiuoriq acid. lodine does not substitute directly because the
reaction is too slow and reversible. The order of reactivity of halogens is F,> Cl, > Br, > L.

Halogenation is believed to proceed through free radical mechanism. It involves the
following three steps.

Step I cl—cl —2 - ci+Ci (Initiation)

Step 11 HC—H + ¢l —®— CH, + HC
CH, % Cl—Cl =B~ cH—Ccl"cl

CH, + €I —=®— CH,—Cl (Termination)

SWP i Methyl chlaride

By repetition of step II, a mixture of halogen substituted products are obtained, The
reaction is not synthetically so important.
H

H—'C-.—Cl +Cl'—=5 CI—CH, + HCI

|

H

Cl—CH, + Cl—Cl —— Cl—CH,—Cl+Cl
Dichloromethane




Aliphatic Hydrocarbons

Cl

——— Cl—C + HCI

|

iy wH - H

*CI—C R el IRy CI—T_CI + Ol

-y i ; ¥ H Mg H
J ‘.‘- s ! Chlorolorm

Cl Cl

—CH + CI — CIl—C + HCl

a I

Cl

—— Cl—C—Cl + (I

H
Tetrachloromethane or
Carbon tetrachlonidie

ormaldehyde and hydrogen cyanide.
'ﬁﬁﬁyimm automobile tyres.
g saturated hydrocarbons.



84.1 General Methods of Preparation

1. Dehydrohalogenation of Alkyl Halides
Alkyl halides on heating with alcoholic potassium hydroxide undergo

dehydrohalogenation i.e. elimination of a halogen atom together wn:h a hydrogen atom from

adjacent carbon atoms.

R— CH, — CH, 222, R— CH=CH, + KX +H,0

X

CH, — CH, + KOH —2=%, H,C ==CH, + KBr +H,0

H Br
H,C— CH, — CH,— Br'+ KOH —2, HC-— CH ==CH, + KBr+H,0

2, Dehydration of Alcohols
Alcohols when dehydrated in the presence of a catalyst give alkene. The best procedure
is to pass vapours of alcohol over heated alumina.

R— CH, — CH, —2:8) R— CH=—CH S H 'O
Aleohol OH *“"; { e
PO, (conc)H,SO, and H,PO, are also used fwdahymahumThm afddiydmhonuﬁ;
various alcohols is in the order: "'7_' \;‘ :
Ter. alcohol > Sec.alcohol > Prt.atcuhul ég =
Thus . o T
R— CH, — CH, —qime> R— CH=—CH, ﬁ}% LA
Primary Aleobol ~ OH . f"“r“ . "‘m "'_3 == ghat.
LN 44 r_a. Lo l
R—iCH, - O EH-: __.E:&, R——zﬁH—
e

Secondary Alcohol  OH -'.- ity ads

-




ation of Vicinal Dihalides |
des have two halogens on adjacent carbon atoms. Dehalogenation occurs
d with Zinc dust in an anhydrous solvent like methanol or acetic acid.

NG +Zn — 1, H,C== CH—R + ZnX,
Alkene
X
_CH—CH—CH, + Zn —*%, HgC_ CH— CH— CH,+ ZnBr,

2-Butene

......

H,C — COO
l + 2Na’
‘H,€ — CO0O"
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poisoned by treatment with quinoline (Lindlar's catalyst).

R R
Pd (BaS0,) \ /
R—Cam C——RH /C=C\
H H
cis-alkene

Atrans alkene can be obtained by treating an alkyne with Na in liquid NH, at-33°C.

R H
Naliquid NH \ /
R—Ce==C—R{2HNtE C=—=C
A N
H R
trans-alkene
8.42 Physical Properties
L. First three members i.e. ethene, propene and butane are gases at room
temperature while C, to C,, are liquids and the higher members are solids.
2. They are insoluble in water but soluble in alcohol.
3. They have characteristic smell and burn with luminous flame.
4. Unlike alkanes, they show weakly polar properties because of sp’ hybridization.

8.4.3 Reactivity ofa n-bond :

In the formation of a'n-bond, the partially filled p-orbitals overlap in a parallel fashion.
The probability of finding electron is thus away from the line joining the two nuclei. Due to this
reason m-clectrons are less firmly held between the nuclei. A n-bond is, therefore, a weak bond as
compared to a g-bond. During a reaction it breaks comparatively easily rendering alkenes as
reactive group ol compounds. Moreover, the loosely held n-electrons are more exposed to attack
by the clectrophilic reagents. Alkenes, therefore, undergo electrophilic reactions very easily.
8.4.4 Reactions of Alkenes :

A, Addition Reactions
1. Addition of Hydrogen (Hydrogenation)

Hydrogenation is a process in which a molecule of hydrogen is added to an alkene in the
presence of a catalyst and at moderate pressure (1-5 atm.) to give a saturated compound. The
Pprocess is known as Catalytic Hydrogenation. '

It is a highly exothermic process and the amount of heat evolved when one mole of an
alkene is hydrogenated is called Heat of Hydrogenation. The heat of hydrogenation of most
alkenes is about 120kJmol” for each double bond present in a molecule. The catalysts employed
are Pt, Pd and Raney nickel.
Raney Nickel

Itis prepared by treating a Ni— Al alloy with causticsoda,

L |
-
Iy ————"
. ——— -
: _ﬁ
- e - -
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"‘ 2H,0 ——— Ni + NaAlO, + HO + ‘%‘Hz

Cyclohexane
| of alkenes is used in the laboratory as well as in industry. In
ufacture of vegetable ghee from vegetable oils. In the laboratory, it
: lll&l!ﬂmlytlml tool, as the reaction is generally quantitative.
Halides
aseous hydrogen halides to form alkyl halides. The order of
*HCI.

e
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The addition of hydrogen halide over an uns . .
ymmetrical al

Markownikov's Rule. The rule states that; in the addition of an Uns}'m::::i::l governed by

unsymmetrical alkene, the negative part of the adding reagent goes to that thﬂn.lugmti;:ﬁ“

the double bond, which has least number of hydrogen atoms. i

H,C— CH,— CH,

1-Br
HC—CH — CH, + HBr ——— PP g
2 H!C_ CH1— CH‘
2-Hromapropanc
T (Actual product)
HC > HC— t'1.3H =1 t1:|-|,
C ==CH, + HBr —— H,C Br
|-Brome-2-methylpropane (not formed)
H,C C‘IH!
L» H,C— C— CH,
Br
2-Bromo-2-methylpropane {Actual product)
3 Addition of Sulphuric Acid

When alkenes are treated with cold concentrated sulphuric acid, they are dissolved

because they react by addition to form alkyl hydrogen sulphate. For example,

b H
A Q
L==C + H—0—S—0HE— ot HE— CH,— 0 — SO,H
H/ \H : g Eihyl hydrogen sulphate

es on boiling with water decompose (o give corresponding

These alkylhydrogen sulphat .
ddition of water to an alkene and it 13, therefore,

alcohols. The overall reaction involves the a
called hydration reaction.
H,C— CH,— 0O — SOH +HO
4. Addition of Halogens
The alkenes on treatment with halogen in an inert solvent like carbon tetrachloride at

room temperature give vicinal dihalides or 1,2 dihalogenated products. For example,

_lw¢ , yCc— CH,—OH +H.S0,

H Hids *i D o cedpiresd
\C__C/H b l T L
o & + X, —— H—T—{l:—[-[

H H . _

1 B X i ' i —
= _—

MIL'IHII';'ML.;i 5 |



effective electrophilic reagents. Fluorine is too reactive to control the
s

5
—Br —— HC—CH, + B

Br

Bromonium ion
t‘;t__limmidc ion then attacks on the carbon of the bromonium ion to form
and the colour of bromine is discharged. A trans product is formed.

H Br

H—C—C—H

Br H
1, 2-dibromocthane

arried out in an aqueous solution, haloalcohol is
les of the solvent become reactants too.
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AgO Hi9%e C}{\_/QH’

N0eC

HC —CH=—=CH, + %0,
Prupyl& oxide
2. Hydroxylation |

When alkenes are treated with mild oxidizing reagents like dilute (1%) alkaline KMnO, :
solution (Baeyer's Reagent) at low temperature, hydroxylation of double bond occurs resulting
in the formation ol dihydroxy compounds known as vicinal glycols. The pink colour o KMnO),
solution is discharged during the reaction. It is also a test for the presence of unsaturation in the
molecules. For example,

HC—CH,

3H,C == CH,+2KMnO,+ 4H,0 —<4 , 3 | |~ +2MnO, + 2KOH
OH OH
Ethylene glycol

3. Combustion

Alkenes burn in air with luminous flame and produce CO, and H,0 vapours. Ethene
forms a highly explosive mixture with air or oxygen.

CH, + 30, —— 2C0, + 2H,0 + heat

4. Ozonolysis .

Ozone (0,) is a highly reactive allotropic form of oxygen. It reacts vigorously with
alkenes to form unstable molozonide. It rearranges spontaneously to form an ozonide.

H

H H 0O H
Uy o ian

CH, = CH,+ O, ——— H—C—C—H
g SN v N
0 0 0
‘-N_‘\D__’,ﬂr"
Molozonide unstable Ozonide

Ozonides are unstable compounds and are reduced directly by treatment with zinc and
H,0. The reduction produces carbonyl compounds (aldehydes or ketones).

H\ 0 H Iii '

c/ \c/ + HO —— 2H—C=—=0 +_ H0,

/‘ . I\ Formaldehyde

H § o H 3 .

HO, + Zn. — Zn0 + HO

Ozonolysis is used to locate the position of double bond in an alkene.
C. Polymerization




Aliphatic Hydrocarbons

molecules known as Pol ymers.

Ethene at 400°C and 100 atm pressure, pnlymén’ ze to polythene or polyethylene.
nCH, = CH, ——=——— —fCH, — CH,}-

1160 gt pressure
traces of 0, (0.1%) Polyethylene

A good quality polythene is obtained, when cthene is polymerized in the prcscncc of

aluminium triethyl Al(C,H,), and titanium tetrachloride catalysts (TiCl,).

84.5

8.5

Uses of Ethene:

Ethene is used: ,

1. for the manufacture of polythene, a plastic material used for making toys, cables,
bags, boxes, etc.

2. forartificial ripening of the fruits.

asageneral anaesthetic.

4. forpreparing 'Mustard gas' a chemical used in World War I. The name calmes from its
mustard like odour. It is nota gas, but a high boiling liquid that is dispersed as a mist
of tiny droplets, It is a powerful vesicant i.e., causes blisters.

_/CH,— CH,—Cl
2CH,== CH, + SCI, ———» S + S
\CH, 2 [

2,2-Dichloro cthyl sulphide
(Mustard gas)

et

as a starting material for a large number of chcmlcalauf-mdustnai use such as glycols
(antifreeze), ethyl halide, ethyl alcohol, etc. thy

ALKYNES
Unsaturated hydrocarbons which contain a triple bond are called Alkynes. They have the

general molecular formula C_H,, , and contain two hydrogen atoms less than the corresponding
alkenes.

The first member of the Alkyne series has the formula C,H, and is known as Ethyne or

Acetylene.

8.5.1
1.

General Methods of Preparation
Dehydrohalogenation of Vicinal Dihalides
Vicinal dibalide on treatment with a strong base eliminates two molecules of hydrogen

halides from two adjacent carbons to give an alkyne.

i
R e ™ C=—C—R
| —2HX Alkyne
ey
12-Dibalide
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H,C—CH, + KOH “Mp HC — CH,
| | ST | -
Br Br Br '
Vinyl bromide rS— - o
I.2-Dibromocthane 3
HC==CH + KOH HC=CH
l | —HBr |ﬁ’ Ethyne
Br H - .
The second molecule of hydrogen halide is removed with great difficulty and requires
drastic conditions.

1. Dehalogenation of Tetrahalides
Tetra haloalkanes on treatment with active metals like Zn, Mg, etc. form alkynes.

Bf_  Br Br Br

(i) -Hl[}—-(le + ZIn ——— Hcl:—rI:H + ZnBr,
B B

(ii) HC=—=CH + Znn .—— HC==CH + ZnBr,
B Br

3. Electrolysis of Salts of Unsaturated Dicarboxylic Acids

Kolbe's electrolytic method involves r.lwlmlym of nqueous solution nf NtorK salts nf
unsaturated dicarboxylic acids. -

I Iumizateon ]
1o
HC—C — OK H
Potassium
D maleats
AtAnode s il Bitod 2 mzmwbw
o # B i I Fry AL e f‘m’ﬂ
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HC—C— O HC
—_— |l + 2co,
HE—C— O HC
“ Ethyne
0

AtCathode

2H,0 + 2¢ — 20H"
2K + 20H —— 2KOH

Industrial Préﬁaratiun of Ethyne

On industrial scale ethyne is prepared by the reaction of calcium carbide (CaC,) with
waler.Culcium carbide is prepared by heating lime (Ca0) and coke (C) at a very high temperature
inan electric furnace.

G E o DT S CaC, "+ 00
AN
| _Ca +@H0 ——  Ca(OH), + HC= CH

Ethyne
Calcium Carbide

8.5.2 Physical Characteristics
1. They are colourless, odourless, exceptacetylene which has a garlic like odour,
2. The first three members are gases (ethyne, propyne, butyne) at room temperature. The

nexteight members (C,—C,,) are liquids and higher members are solids.
3 The melting points, boiling points and densities increase gradually with the increase in

molecular masses.
4. They are nonpolar and dissolve readily in solvents like ether, benzene and carbon

tetrachloride.
8.53 Reactivity of Alkynes

In-alkynes, the carbon atoms are held together by a triple bond, a o-bond and two
n-bonds. The electron density between the carbon atoms is very high which draws atoms very
close to each other. Electrons in a triple bond are, therefore, less expnsed and thus less reactive
towards electrophilic reagents.
8.5.4 Reactions
A. Addition Reactions:

Alkymmdu‘goaddnhmmehmshku&muhmﬂdnmmulmulﬁofﬂmmﬂmt

mﬂdofonc.
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I. Addition of Hydrogen:

Alkynes react with hydrogen gas in the presence of a suitable catalysts like finely divided
Ni, Pt, or Pd. Initially alkenes are formed which then take up another molecule of hydrogen to

forman alkane.
H Mi > —
G E lh\-m.L HF 2 heat Hj{::Ell‘l\".':i.'lthi-!1
CH,==CH, + H;, —~——  H,C—CH,
“Ethene hea Ethane
2. Addition of Halogens

One or two molecules of halogens can be added to alkynes giving dihalides and tetra
halides respectively. Chlorine and bromine add readily while iodine reacts rather slowly.

H Cl
CCl, 2 sl /
HC ="} + Cl, ——— C=C
Ethyne / \
.l H
1, 2 - Dichlorocthane
L S
C=C +Cl, ﬂ-} H—C—C—H
¥ N
G et Cliyp=ct |
1. 2 - Dichlorocthane 1,1.2.2-Tetrachlorocthane .
3. Addition of Halogen Acids

Alkynes react with hydrogen chloride and hydrogen bromide to form dihaloalkanes. The
reaction occurs in accordance with Markownikov's rule.

HC==CH + H — Br HC= ?H
Ethyne Br
Vinyl bromide
fBr
HC==CH + H — Br SA— 1 H,C—(.{H
: Br -
Bt 1,1-Dibromoethane -

4, Addition of Water:

. Watcraddsmﬂkynwmlhapmmmufmmuncsulphabdmohqdmmﬂphummd ' -
75°C. 'Ihereanhun is important industrially. For example, o
&= HgSO, -
= — QH —— I'I.C—CH—-D—H
HC = CH +H—O THSO, Vivl s

Viny alcohol ummhmmmmmuhymmw;
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bonded carbon atom and isomerises to acetaldehyde.
O——H 0O
e/ [
H,C=—=CH =—— HC C H

Accialdehyde

All other alkynes give ketones.

HgSO,
HC—C= CH + HD—-—-i I{C_C_CH]R— HC—C—CH,

I
C/ O—H 0
Acetone [ Kelone)
5 Addition of Ammonia and Hydrogen Cyanide:
NH, and HCN react with ethyne in the presence of suitable catalysts, to give nitriles.

HC==CH + NH, e HC—C == N + H,
Methyl cyanide or Acetomitrile
HC==CH + HCN =545, H,C ==CH—CN
Acrylanitrile
B. .  Oxidation Reactions
1. Ethyne on oxidation with strong alkaline KMnO,, gives glyoxal.
OH OH

'Hcfmcri + HO + [0)—=24, ge—CcH —2° , HC—CH

J5se | | |

HO OH 0 §]
Glyoxal
]
HC—CH i 1C=08

ﬂ ! KMn0, | :

QL 0 C—O0OH

Glyoxal
Oxalic acid

2. Combustion:
Alkynes when burnt in air or oxygen produce heat and evolves CO, and H,0. The

reaction is highly exothermic for acetylene and the resulting oxyacetylene flame is used for
weldmgandcuttmgofm:ﬁls
2HC=CH + 50, ———— 4CO, + 2H,0 + heat
C; Polymerization i
Alkynes polymerize to give linear or cyclic compounds depending upon the temperature
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and catalyst used. However, these polymers are different from the polymers of the alkenes as they
are usually low molecular weight polymers.
L. Conversion of Acetylene to Divinyl Acetylenc

When acetylene is passed through an acidic solution of cuprous chloride and ammonium
chloride and then allowed to stand for several hours at room temperature, vinyl acetylene and
divinyl acetylene are obtained.

{ “H, 1

Bl Cld W==tH ——* 3 HC—=(CH—C==CH
Vinwl acetyl:
il -Huluu-]--}'l'u.'r

H,C== CH~— C == CH+HC == CH XM | y 0=— CH— C== C—CH==CH,
(5 Mmoo

IfHCl is added to vinyl acetylene, chloroprene is obtained which readily polymerizes to
neoprene, used as synthetic rubber.

H,C= CH— C == @H+ conc HCl 22420, H C==CH— C=CH,
Cl
Chloroprene

Polymwrization

Chloroprenc Meoprene (synthetic rubber)

2. Conversion of Acetylene to Benzene

When acetylene is passed through a copper tube at 300°C, it polymerizes to benzene.

y —H :
A C .__“ Sl
W—Cl | oa
H Cu-fube

H—C G
|||‘.___.-f o ik
L=k
D. Aeidic Nature of Alkynes

Iuethyneanduthert;nnina]alk}mslikepmpyne,ﬂlehydmgﬁnal_n‘n.lisﬁmdndmtbu
carbon atom with sp-s overlap. An sp hybrid orbital has 50% s-character in it and renders the

carbon atom more electronegative than sp’ and sp’ hybridized carbons. As a result, the sp

hybndmdcarhnnatmnufaufmmalﬂkynepmhﬂmelnmmmsmglymhngﬂw
attached hydrogen atom slightly acidic. . :

H—Cc=C—H" b
When l-a]k}meor:ﬂunemmtedmthmd_lmﬂmhqmdmww Ve
multensodmm,a]k}mdnmracetyhdﬁmohumnd. g e

s LR

P
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R—C==CH + NaNH, —MN . p__c== C'Na" + NH,

HC=CH + 2Na —» Na'C C Na + H,
IMxodman acetylide
Sodium acetylide is a very valuable reagent for chemical synthesis and is essentially
ionic in nature. Acetylides of copper and silver are obtained by passing acetylene in the
ammoniacal solution of cuprous chloride and silver nitrate respectively.

HC== CH + CuCl, + 2NH,OH ——— CuC == CCu + 2NH/CI + 2H,0
Dicopperacety hide
1|h.11x||.-i|| brown ppt. )
HC== CH + 2AgNO, + 2NHOH ———— AgC == Cag + 2NH,NO, + 2H,0
Disilver acerylide
(white ppt.)

Silverand copper acetylides react with acids to regenerate alkynes.

CAgH 02H.S0, @ity ————» HC== CH + Ag,S0,

AgC
AgC == CAg+ 2HNO;@il) ————» HC== CH + 2AgNOQ,

These alkynides are used for the preparation, purification, scparation, and identification

ofalkynes.

8.5.5 UsesofEthyne
Ethyne is used;

1. in oxyacetylene torch which is in turm used for welding and cutting metals.

2. for the preparation of alcohols, acetic acid and acetaldehyde.

3. for the manufacture of polymers like PVC, polyvinyl acetate, polyvinyl ethers, orlon and
neoprene rubber.

4. to prepare acetylene tetrachloride a solvent for vamnishes, resins, and rubber.

5. for ripening of fruits.

8.5.6 Comparisonof Reactivities of Alkanes, Alkenes and Alkynes

 The general decreasing reactivity order of alkanes, alkenes and alkynes is as follows:
; - Alkenes > Alkynes > Alkanes
" It has already been explained that a 7t -bond in alkenes is not only weak but its electrons

are more exposed to an attack by an electrophilic reagent. Both these facts make the alkenes a
very reactive class of compounds. Alkynes although contain two rt -bonds are less reactive than
alkenes towards electrophilic reagents. This is because the bond distance between the two triple
bmdedwhnammsmvmshmtmdhmulh:u—:lw&mmmt available to be attacked by
dgmoph’il mfgc'nfs‘. Aijrnes are, however, mum mw ﬂtan a]kmm towards nunlecrph:hc

reagents.
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KEY POINTS

Hydrocarbons are made up of carbon and hydrogen only. Saturated hydrocarbons are .

called alkanes. They do not contain functional groups.
Alkanes react with halogens by a free radical mechanism to give haloalkanes. This
mechanism consists of three steps, initiation, propagation and termination.

Alkenes are unsaturated hydrocarbons with at least one C=C. The double bond is
composed of a o and a wbond. Carbon atoms inalkenes are sp’ hybridized.

Alkenes are very reactive compounds. They undergo electrophilic reactions very easily.
Addition of unsymmetrical reagent to an unsymmetrical alkene takes place in
accordance with the Markownikov's rule.
Alkenes can be very easily oxidized with cold KMnO, solution, O, or ozone. With ozone
both the bonds between carbon atoms are cleaved.
Hydrocarbons containing a triple bond arc known as alkynes oracetylencs.
Alkynes undergo addition reactions and two molecules of a reagent arc added in them.
Ethyne and other terminal alkynes contain a weakly acidic hydrogen and they react with
ammoniacal cuprous chloride and ammoniacal silver nitrate to give acetylides.
The decreasing reactivity order ofalkanes. alkenes and alkynesis as follows:

Alkenes = Alkynes > Alkancs

EXERCISE
Fill in the blanks.
Ozone reacts with ethene to form :
Lindlar's catalyst is used for ofalkynes.
Divinyl acetyleneisa acetylene.
Vicinal dihalides have two halogens on carbon atoms.
Ethyne is acidic in character because of hybridization.
Halohydrins are formed due to addition of in ethene.
Ethylenc glycol is produced when .__reacts with cold alkaline KMnO,

N e s v =

solution.
8. Mustard gas is a high boiling
. Ethyne has like odour.
10.  Ethyneisobtained by the reaction of with calcium carbide.

¥

Indicate True or False. :
1. Addition of HX to unsymmetriacal alkanes takes pllne according to

Markownikov's rule. f
2. Methane reacts with hrmmntwatﬂ'md mmlmmllw i

A i S

e e T ———

T MR
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Mustard gas is a blistering agent.
Methanc is also called marsh gas.
Ethyne is a saturated compound.
Baeyer's reagent is used to locate a double bond in an alkene.
Alkanes usually undergo substitution reactions.
Benzene isa polymer of ethene.

© e N AW

Acrylonitnle can be obtained from cthyne.
1 10. Ethyne is more reactive towards electrophilic reagents thun ethene.
Q.3.  Multiple choice questions. Encircle the correctanswer.

i) Preparation of vegetable ghee involves:

(a) Halogenation (b) Hydrogenation

(c) ~ Hydroxylation (d) Dehydrogenation

i) Formulaofchloroform is:

(a) CH,CI (b) CCl, {c}r CH.CI, (d) CHC],

iii)  Thepresence ofadouble bond in a compound is the sign of:

(a) Saturation (b) Unsaturation
(c) Substitution {d) None
iv) Vinyl acetylene combines with HCl to form:
(a) Polyacetylene (b) Benzene
(c) Chloroprene (d) Divinyl acetylene
& v) The addition of unsymmetrical reagent 10 an unsymmetrical alkene is in
; accordance with the rule:
A (a) Hund's rule » (b) Markownikov's rule
i (©)  PaulisExclusionPrinciple (@) FAntben Principle
4 vi) Synthetic rubber is made by polymerizatinﬁ of:
| (a) Chloroform (b) Acetylenc
(c) Divinyl acetylene (d) Chloroprene
vii)  p-p'-dichloroethyl sulphide is commonly known as:
H (@  Mustardgas (b)  Laughinggas
| (b) . Phosgene gas (d)  Bio-gas
ix) When methane reacts with Cl, in the presence of diffused sunlight the products
(@  Chloroformonly (®)  Carbontetrachloride only

(c)  Chloromethaneanddichloromethane  (d)  Mixtureofa,b,c
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Q.5

x) Which one of the following gases is used for artificial ripening of fruits?

(a) Ethene (b) Ethyne

(c) Methane (d) Propane

Write the structural formula for each ol the following compounds.

(i) 2-Methylpropane. (i) Neopentane.

(iii)  3-Ethylpentane. (iv)  4-Ethyl-3,4-dimethylheptane.
(v) 2,2,3 4-Tetramethylpentane (vi)  4-iso-Propylheptane.

(vii)  2,2-Dimethylbutane. (viii)  2,2-Dimethylpropane.

Write down names of the following compounds according to IUPAC-system.
(i) HL—CH,—CH —CH,CH, (ii) (CH,),C —CH, — C(CH,),

H,C — CH,
cH
i), HC— c|'}1 < o, —Cn (iv) (CH,),CH— CH — CH(CH,),
CH, s CH,
(v) CHCH,C(CH),CHCHCH)CH,  (vi) (CHCH)CH
(vii) CH,C(CH,){(CH,).CH, (viii) (CH)CH

What are the rules for naming alkanes? Explain with suitable examples.

(a) Write down the structural formulas for all the isomeric hexanes and name them
according to [UPAC system

(b)  The following names are incorrect. Give the correct IUPAC names,
(i) 4-Methylpentane (i) 3,5,5-Trimethylhexane
(i)  2-Methyl-3-Ethylbutane

(a) Explain why alkanes are less reactive than alkenes? What is the effect of
branching on the melting pointofalkanes?

(b) Three diffcrent alkanes yield 2-methylbutane when they mhydrogmd inthe
presence of a metal catalyst. Give ﬂmrm and write equations for, the

reactions involved.
(a) Qutline the methods available for the preparatlnn of alkanes.

(b) How will you bring about the following conversions?

(i) Methane to ethane. - (i)~ Ethanetomethane, |
(i)  Aceticacidtoethane. -~ (iv)  Methanctonitromethane. %
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Alipharic Hydrocarbons
(a) What is meant by octane number? Why does a high octane fuel has a less
tendency to knock in an automobile engine?

(b)  Explain free radical mechanism for the reaction of chlorine with methane in the
presence of sunlight .

(a) Write structural formulas for each ofl'the lollowing compounds.

i) Isobutylene ii) 2,3,4, 4-Tetramethyl-2-pentene
1ii) 2 ,5-Heptadienc iv)  4,5-Dimethyl-2-hexene

v) Vinyl-acetylene vi) 1,3-Pentadiene

vii) 1-Butyne viii)  3-n-Propyl-1,4-pentadicnc

ix) Vinyl bromide X) But-1 -en.3 -yne

xi) 4-Methyl-2-pentyne  xii)  Isopentane

(b) Name the following compounds by IUPAC system.

(i) H,C— CH==CH(CH,).CH, (ii) (CH,),C==CH,

(iii) CH,— CH,~— CH,—C=CH, (iv) CH,==CH—CH==CH,

CH(CH,),
) CH,=T-—-CH,CH1CH, ‘ (v) CH==C—CH,
C.H,
(vii) CH—C==C—CH, (viii) CH,=—CH—C=C—CH==CH,
(ix) CH=C—CH—CH—C==CH (x) CH,=—CH—C==CH

(a) Describe different methods for the preparation of alkenes. How would you
establish that ethylene contains a double bond?
(b)  Give structure formulas of the alkenes expected to form by the
: dehydrohalogenation of the following compounds with a strong base:

- i) 1 -Chloropentane ii) 2-C hloro-3-methyl butane

1ii) I-Chloro-2,2-dimethyl propane.

« (a)  Write down chemical equations fcrr the preparation of pr. ene from the

. following compounds.

i) CH,— CH,—CH,—OH ii)y  CH,—C=CH

jii) ~ iso-Propyl chloride
(b) Wntedu{mn formula showing only the arrangement of carbon atoms for all
ealkenes of the molecular formula C,H,,.

.14 (a) . Howmayethenebeconvertedintoethylalcohol?
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Q.15.

Q. 16.

Q.17.

Q.18.

(b)

Q. 20.

Q.21.

(b)

(c)
i)

— g3 e —

ey

Starting from ethene, outline the reactions for the preparation of following
compounds.

1) 1,2-Dibromoethane ii) Ethyne
How will you bring about the following conversions?

1-Buteneto 1-Butyne i)

iii) Ethane

iv) Ethylene glycol

I-Propanol to CH,—CH—CH,CI

Show by means of chemical equations how the following cycle of changes may be
affected.
Ethane

!

———— Ethene

_

Ethyne

i
=

Write down structural formulas for the products that are formed when I -butene will react
with the following reagents:

Lol
KOH

HCH > F

i) H,, Pt i) ° BrinCCl,

iii) Cold dil. KMnO,\OH iv) HBr

v) 0, in the presence of Ag vi) HOCI

vii) dil. H,S0,

In the following reactions, id cniiﬁ_.r each lettered product.

()  Ethylalcohol 2=HS0L R @y = WBe " lip

(i)  Propene —2% 5D % E

After an ozonolysis experiment, the only product obtained was acetaldehyde CH,CHO.

Can you give the structural formula of this compound?
The addition of sulphuric acid to an alkene obeys Markownikov's rule. Predict
the structures of the alcohols obtained by the addition of the acid to the following

compounds.

. (a)

i)

(a)
(b)

Propene

Describe methods for the preparation of Ethyne.

iiy  1-Butene

How does ethyne react with:

i) Hydrogen ii)
iii)  Alkaline KMnO, iv)
v) Ammonical cuprous chloride

S

i)

2-Butene

Predict the most likely product of the addition of hydrogen chloride to 2-methyl-2-
butenc. Explain the formation of this product.
Why are some hydrocarbons called saturaled and others unsaturated? What type of
reactions are characteristics of them?

Halogen acid :
10% H,SO, in the presence. ‘




L) Gﬂgroprene iv)  Glyoxal
A ‘ y = -:;: J ..:.-le : 3 ‘I vi} = Amlmiuile
‘ _ viii)  Methyl nitrile
unﬂwauldntynfelhyne

 Aliphatic Hydrocarbons
| mimpomumofmﬂhmmdﬂhym
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CHAPTER

9

AROMATIC
HYDROCARBONS

In this chapter you will learn
L Toname simple aromatic hydrocarbons, and their derivatives.
2. The Kekule and resonance approaches to explain the structure and stability of benzene.
3. About the preparation of benzene.
4 About the electrophilic substitution, oxidation and addition reactions of benzene.
5. About the isomerism which arises when a second substituent enters the ring.
6 How does the presence of a group alter the reactivity of benzene ring towards electrophilic

substitution reactions.

7. The comparison of reactivitics of alkanes, alkenes and benzene.

9.1 INTRODUCTION

The term aromatic was derived from the Greek word ‘aroma’ meaning “fragrant” and
was used in Organic Chemistry for a special class of compounds. These compounds have a low:
hydrogen to carbon ratio in their molecular formula and have a characteristic odour. However, it
was soon realized that many aromatic compounds are odourless whereas many others are
fragrant though they are not aromatic. Further, when aromatic compounds of higher molecular
mass were subjected to various methods of degradation, they often produced benzene or
derivatives of benzene. It was observed that almost all the aromatic compounds have a six carbon
unit in their molecules like benzene. Hence, benzene was recognized as the simplest and the
parent member of this class of compounds.

So aromatic hydrocarbons include bcnz:enc and all Ihmmmpmndsmaxm s!rucun'nllr
related to benzene.
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000

Benzene Maphthalene Toluene Biphenyl

It appears from the definition of aromatic hydm::nrhuné that any study of this class of
compounds must begin with the study of benzene. Benzene has characteristic structural features.
It has a regular planar hexagonal structure. On the basis of the number of benzene rings aromatic
hydrocarbons can be categorized into following classes.

a. Monocyclic Aromatic Hydrocarbons and their derivatives

b. Polycyclic Aromatic Hydrocarbons
a. }lnnﬂt‘}‘;:lil:' Aromatic Hydrocarbons and their Derivatives

Aromatic hydrocarbons containing one benzene ring in their molecules are called
Monocyclic Aromatic Hydrocarbons, e.g. benzene and its derivatives.

COOH CHO SO,H

Benzoic Benzaldehyde Benzene
acid Sulphonic acid

b. Polyeyclic Aromatic Hydrocarbons

Aromatic hydrocarbons containing two or more benzene rings in their molecules are
called Polycyclic Aromatic Hydrocarbons. They may be divided into two main classes.

(i) Those in which benzene rings are isolated, e.g. biphenyl,diphenylmethane, etc.

(i)  Those in which the benzene rings are fused together at ortho positions so that the
adjacent rings have a common carbon to carbon bonds, e.g. naphthalene, phenanthrene
and anthracene.
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MNaphthalene

9.2NOMENCLATURE
(Menocyclic Aromatic Hyvdroearbons and their Derivatives)

The nomenclature of the aromatic hydrocarbons is much more complex than that of
aliphatic hydrocarbons.

The system used for naming benzene and its derivatives generally depends on the
number of substituents on the benzene ring. Some important rules of naming are given
below,

I Mono-substiuie

the substituent. The wis -i-.:r..*mz., is written as one word, e,

i benzdnederivalives are named by prg fixin Jl‘lu._ yzene with the name of

CH, CH,CH, cl

Aniline

All the six positions in benzene are exactly equivalent so there is only one

monosubsituted benzene.
When a hydrogen atom is removed from benzene, wcgetawlgmupsymbnhﬂ@dby

CH,—or Ph—. Subsntutedpheuylg;mupsmuuadaryl groups.
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3. The second substituent in benzene would give rise to three isomeric products designated
asortho(1,2), meta(1,3) and para(1,4),e.g.
CH, CH,
CH,
CH,
1,2 Dimethylbenzene 1,3 Dimethylbenzens 1,4 Dimethylbenzene
(o-xylene) (m-xylenc) (p-xylene)

4. If two or more substituents are different, then the substitucnt that is treated as a high

prionity group, is given the number | position in the benzene ring. Other groups are
numbered by counting from position 1 in the manner which gives them the lowest number.

The order of priority of the groups (left to right):
—COOH,—CN,— CHO,—COCH,,—OH,—NH,,—OR,—R,

5 Ifthe two substituents are different and they are not present in priority order list, they are
named in alphabetical order. The last named substituent will be at position [, e.g.,
NO,
Br
P
6. If there is a substituent on the ring which gives a special name to the molecule, then

special name is used as parent name to the molecule, c.g. -
i o k i o
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93 BENZENE
Benzene was discovered by Michael Faraday in 1825 in the gas produced by the

destructive distillation of vegetable oil and twenty years later it was also found in coal-tar by
Hoffmann.

93.1 Structure of Benzene

Molecular Formula

i) The empirical formula of benzene is determined bythe elemental analysis.

ii) Its molecular mass determined by the vapour density method is 78.108. This is six times
the empirical formula mass (CH = 12 + | = 13). Therefore, the molecular formula of
benzene s C,H,.

ii)  Themolecular formula of benzene indicates that it is highly unsaturated compound.

9.3.2 Straight Chain Structures Ruled Out:

i) Two ofthe possible straight chain formulas suggested for benzene are::
HC=C—CH,—CH,—C=CH (1,5-Hexadiyne).
H,C=CH—C=C—CH=CH, (1,5-Hexadiene-3-yne).

A compound having a structure as above should behave like an alkene or alkyne, both are
oxidized by alkaline KMnO, solution. On the contrary, benzene is stable to KMnO, solution i.e. it
does not decolorize KMnO, solution. Benzene gives addition reactions with hydrogen and
halogens, which indicate the presence of three double bonds.

But benzene also gives substitution reactions with conc. HNO, and conc. H,SO, which
indicate that benzene has a saturated structure. )

1) Considering a straight chain structure for benzene and further assuming that each carbon
carries one H-atom, it should be capable of forming three monosubstitution products.

X X X

l I |

CCCCCC CCCcCce CoaCCs
But benzene yields only one monosubstituent product.
iii) The molecular formula of benzene C,H, does not correspond to any of the open chain
hydrocarbons, such as alkane CnH,...(C,H,), alkene C,H,(CH,,) or alkyne CH,,,
(CH,,). . .
It means benzene does not belong to open chain hydrocarbon and therefore possibility of
a straight chain structure is ruled out.
9.3.3 Kekule's Structure

The structure of benzene continued to be a serious problem for chemists for about

40 years. A German chemist, Kekule at last solved the problem in 1865. Kekuhpumedmds-

regular hexagonal structure for benzene, which contains three double bonds
three single bonds. = ’

- e — ‘—I ﬂ_-"__-_-_-m

- - -

ni
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He supported his theory by the following arguments.
S _CHs,
e Ny
Hi
C\CH &

(i) Benzene gives u:rnl}..r one monosubstituted product

or

g
U+X-—-—+
=

(i1) Benzene g;vas mlythreed:substmrted products.

O s @ E;

These points confirm the rcgular hm;_.mml siructure for benzene inw hn.h all th».. carbon
atoms are occupying identical positions in the molecule. Therefore, benzene forms only one
toluene, one phenol and one nitrobenzene.

{iii} Benzene adds three hydrogen molecules in the presence of a catalyst.

CH :'

e

N HC Scn,
M, — or CH, (or ] |
200°C H.C CH.
M‘CH v T
"}
Cyclohexane

Benzene ndds thrcr: molecules of chlorine inthe preu.m::, of sunlight.
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934 X-Ray Studies of Benzene Structure H ; l
The X-ray studies of benzene have confirmed the LEoA

hexagonal structure for it. These studies have also revealed that all “\c’c.‘ﬁ’»\c}' &

the carbon and hydrogen atoms are in the same plane. All the | |<—1-397'

angles are of 120°. All C—Cand C—H bond lengths are 1.397A and ;C\ /’C\H

1.09 A, respectively.

Objections to Kekule's Formula

Kekulc's formula with three double bonds demands a high degree of unsaturation (rom
benzene while usually it exhibits a saturated character. Thus benzene yields substitution products
readily and forms addition products reluctantly. Benzene is also a very stable compound. All
these properties of benzene can be easily explained using the modemn theories about its structure.
9.3.5 Modern Concepts About the Structure of Benzene

Atomic Orbital Treatment of Benzene

The hexagonal frame-work of benzenc can be .
conveniently explained using hybridization approach. '
According to this, each carbon in benzene is sp’ hybridized. W/ Oy C[;s«
The three sp’ hybrid orbitals on each carbon are utilized to form
three o-bonds, two with adjacent carbon atoms and one with i 0

hydrogen. The unhybridized 2p, orbitals remain at right angle
to these sp® orbitals. Since all the sp’ orbitals are in the same | 5+ C'_:.} £ c“_;z.

plane therefore all the carbon and hydrogen atoms are a
coplanar. All the angles are of 120° which confirms the regular u-meE oF bewene

hexagonal structure of benzene.

The unhybridized 2p, orbitals partially over]ap to
form a continuous sheath of electron cloud, enveloping, above
and below, the six carbon-carbon sigma bonds of the ring.
Since each 2p, orbital is overlapped by the 2p, orbitals of
adjacent carbon atoms, therefore, this overlapping gives,
*diffused’ or ‘delocalized’ electron cloud.

9.3.6 TheStability of Benzene

As mentioned earlier benzene is an extraordinary
stable molecule. This stability is due to the extensive
delocalization of electron cloud. The extent of stability of
benzene can be measured by comparing it with hypothetical
compound, 1,3,5-cyclohexatriene. This can be done by |  pjcalized x-orbital of benzenc
estimating their heats of hydrogenation.

Cyclohexene, a six membered ring containing one double bond, can be easily
hydrogenated to give cyclohexane. When the AH for this reaction is measured it is found to be

Unhybridized 2p, orbitals

e
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—119.5kJ/mol, very much like that of any similarly substituted alkene.
| + H, al —
Cyclohexens Cyclohexane
Weswould expect that hydrogenanon of | 3-cvelohexadiene would liberate roughly

twice as mueh heat and thus have AH equal to about —239 kJ/mol. When this experiment is done,
the result is AH = -231.5 kJ/mol. This result is quite close to what we calculated, and the
difference can be explained by taking into account the fact that compounds containing
conjugated double bonds are usually somewhat more stable than those containing isolated
double bonds,

b-Uyelobewadicne Lyololoxing

Calculated AH= 2(-119.5)= -239 k){mol

Observed AH= -231.5kJ/mol

If we extend this kind of thinking, and if benzene is simply 1,3.5-cyclohexatricne, we
would predict that benzene would liberate approximately -358.5 klimol (3 = -119.5) when it is

hydrogenated. When the experiment is actually done the result is surprisingly different. The
reaction is exothermic but only by —208 kJ/mol.

[ I

Ill

Benzene % 3H, - ~

Calculated AH=(3x-119.5)= -358.5k)/mol
Observed AH=-208kJ)/mol
Difference =150.5 kJ/mol

When the results arc represented by the following figure, it becomes clear that benzene is
much more stable than we calculated it to be.




+3H, Resomance Energy = 150.5 k/mol

4
r 2 7
+2H, : :
E AH = 3885 klmal 1
- +H, : Benzene + 3H,
l AH==231.5 kl/mol .
= 19, ! i
41’ AH= 1195 klimo : AH = =208 k}mol
¥, S i gy |
4
% 4’ Cyclohexane

Fig.9.1 Relative stabilities of C;.rrluhemne,l.l{‘ycmhexndinne.I..],S-—t_‘_\'chhu:xatriene
(hypethetical) and benzene

Indeed, benzene is more stable than the hypothetical 1,3.5-¢cyelohexatriene by 150.5
kJ/mol. This difference between amount of et actually released and that calculated on the basis
of the Kekule's structure is now called the® R®onance energy” of the compound. It means
benzene shows the phenomenon of resonance which miakes it more stable than others. In benzene
electrons are delocalized making it a very stable moleeilel
9.3.7 The Resonance Method Resonance

“The possibility of different pairing schemes of vélerice glectrons of atoms is called
resonance” and the different structures thus arranged are called “Résonance structures™,

The resonance is represented by a double headed arrow ( « Fegathedollowing different
pairing schemes of the fourth valence (the p-electrons) of carbon atoms arepaossible in benzene,

U=

3
d e
(% g | — e
— —
. Kekule's structures Dewar structures

(a), (b) were proposed by Kekule and ¢, d, e, were proposed by Dewar. The
stability of a molecule increases with increase in the number of its resonance structures. Thus




molecule of benzene is chemically quite stable.

In Dewar structure the carbon atoms at opposite positions 1-4, 2-5 and 3-6 are at
larger distances than those in the adjacent positions 1-2,2-3,3- 4,4-5,5-6 and 6 -1. Therefore
the bondings between C- C,, C,- C, and C,- C, are not favourable energetically. Hence
the Dewar structures for benzene have minor contribution towards the actual structure of
benzene.

Infact. the structure of benzene is a resonance hybrid of all the five structures (a), (b),
(c). (d) and (e) in which the Kekule's structure (a) and (b) have the larger contribution.
Therefore, benzene molecule can be represented by either of the two Kekule's structure.

The thrée alternate single an.  uble bonds

* in the Kekule's structures are called conjugate bonds
or resonating bonds.

Since the structure of benzene is a resonance
hybrid, therefore all the C-C bond lengths are equal
but different from those in alkanes, alkenes and
alkynes.

In alkanes the C —C bond length is 1.54 A.
In alkenes the C = C bond length is 1.34 A,
In alkynes the C = C bond length is 1.20 A.
In benzene the C— C bond length is 1.397A.

The C—C bond length in benzene is intermediate between those
in alkanes and alkenes. The resonating single and double bonds in
benzene can better be represented as a complete circle inside thering, Benzene
9.4 PREPARATIONOF BENZENE

Benzene and other aromatic hydrocarbons are readily obtained inlarge quantities from
coal and petroleum. Benzene and some other hydrocarbons can also be obtained from petroleum
by special cracking methods. Some of the methods generally used for the preparation of benzene
areas follows.

1. Dehydrogenation of Cyclohexane

When cyclohexane or its derivative is dehydrogenated we get benzene or a substituted
benzene. The reaction is carried out by the use of a catalyst at elevated temperature.

i — + 3H,
250°C

Cyciah:m Benzene




"Chemistry XIT
2. From Acetylene

Benzene is formed by passing acetylene under pressure over an organo-nickel

catalystat 70°C,

JHC=CH

Acetylene

Organo-nickel catalyst >

From Alkanes

Benzene and toluene are also prepared by passing the vapours of n-haxane or
" n-heptane over amixture of catalysts Cr,0, + AL,O, + Si0, at 500°C.

CH,
P
H,C THS
H,C ,_,CH,
CH,

n-Hexane

CH,

Cr0, + ALO, + S0,

S00°C

7 - 3

€10, +ALO, +Si0,

H’C"*--...\ fCH. y
g 3 -
n-Heptane 4 l‘f: “
* i é;l-"”
Preparation in the Laboratory

Benzene can be prepared in the laboratory by any one of the fullowmgmet
By heating sodium salt of benzoic acid m_thsodahme.

o dat
*:.
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iii.

synthesis of alkyl aromatic hydrocarbons.

9.5

o ! i Aromatic Hydrocarbons
il By distilling phenol with zinc dust.
OH
+ Zn » + ZnO
Phenol Benzene

By the hydrolysis of benzenesulphonic acid with superheated steam or by boiling with
dil. HCL.

SOH
: % Cl
+ HOH . > + H,SO,
oil
Benzenesulphonic acid } Benzene
Whurtz-Fittig Reaction

The Wurtz reaction for the synthesis of alkanes was extended by Fittig in 1864 to the

Br " CH,CH,
+ CH,CHBr i?h:r > + 2NaBr
Bromobeswene ~ Ethylbromide Ethy] benzene
" REACTIONS OF BENZENE

9.5.1' General Pattern of Reactivity of Benzene

The highly stable, delocalized electrons of benzene ring are not readily available for the

nucleophillic attack like the electrons of alkenes. Therefore, the clectrons of benzene ring do not
assist in the attack of weak electrophiles. It means that more powerful electrophiles are required

to penetrate and break the continuous sheath of electron cloud in benzene, e.g., substitution of

halogen in benzene requires iron or corresponding ferric halide as a catalyst. Infact iron too is first
converted into FeX, which further reacts with halogen molecule to produce a powerful

electrophile. .
2Fe + 3X, — 2FeX, :

FeX, + X, — s FeX: + X

¥ = Tetra haloferrate jon (111) Halogenonium jon
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e

The halogenonium ion X thus produced attacks as a powerful electrophile on the
electrons of bemzene ring.

X
H
+ T 3
+

Phenol Benzenonium on

X X 9
H{\\ : c
+ FeX, ———— + FeX. + HX
) =
+

Beozenonium jon

The addition product is not favourable because in its formation the characteristic
stability of benzene is lost. The only possible product is the substitution product in which the
stability of benzene is retained. Therefore, the general pattern of the chamical reactivity of
benzene towards electrophiles can be shown as follows.

E
H
+ E' — s :
Electrophile

- o
E g4
A %
Ay
) + BEHAE
+ Base ‘

+

._"E

9.5.2 FElectrophilic Substitution Reactions i
L. Halogenation ﬁ
. The introduction of halogen group in benzene ring is called “Halc‘;mtiun“ Benzene
reacts with halogen in the presence of a catalyst like FeBr,, AICL, etq, Chlorination and
bromination are normal reactions but fluorination is too vigorous to contrel. Iodination gives
poor yield. : -

f
o

-




+ HBr

+ HCI

Cl' + FeCl ; :
cl

Smecl s a gﬂ HCI + FeCl,
miilkx_lhelmnncs are treated with chlorine or bromine in the presence of sunlight,
yl groups are substituted.

h, B .',-i_- ‘
Y
i e
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2 Nitration

The introduction of NO, group in benzene ring is called *Nitration”. The nitration of
benzene takes place when it is heated with a 1:1 mixture of conc. HNO, and conc.H,SO, at
30-55°C. Sulphuric acid reacts with nitric acid to generate nitronium ion, (NO, ).

NO,
H,50, % .
+  HNO, 50 - 55°C 3 ERGILY
Mechanism HONO,+H,80, —==2C—= NO} +HSO; +H,0
0,
= NO T
Slow =4
NO NO
HH-\ Fast :
) +  HSO; > + HSO,
+
Mitrobenzene
3. Sulphonation

The introduction of sulphonic acid group in benzene ring is called Sulphonation. When
benzene is heated with fuming H,SO, or conc. H,S0O, it yields benzene sulphonic acid.

_SOH
& HSO, 80°C 5
+ S0, Hzf: >

Mechanism: i _
When sulphuric acid alone is used, the actual electrophile in this reaction s SO,
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H O
S—0
]
0
It
?l:—(f
+ H,S0,
SOH
+ H,0

The alkylation and acylation of benzene are called Friedel-Crafis reactions.

a) Alkylation
The introduction of an alkyl group in the benzene ring in the presence of an alkyl halide

cdel-Crafis alkylation or Alkylation.

anda catalyst AICI, is called Fri
ok
..r‘-g.l;‘.l i "7 ' £Y
- F [ ; )
",_‘-'5:' Ty B d’ 4

R Gl AL e SO psic + R
: Carbocation

ol
hd .
- !'. :
L4
| s S b |
3 + HCl + AlCL |
e : n g el
T .ol
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e.g.,

b} Aeylation

The introduction of an acyl group R—C inthe benzene ring in the prﬁencu of anﬂ:yl
hal:de anda catalyst AICI, is called Fnede[-Crnﬂs chrlattun orAcylation.

& . Sl {i,‘l 1 * _}

vy k ‘
R—C—Cl + AIC, ——> R—C + AlC, =

s o |
H O % |

——— I
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: Ni at 200°C h
= 3k, Or PUILOD"

Cytlohexane

(b) Halogenation
Benzene reacts with chlorine and bromine in the presence of sunlight to give addition
products, hexachlorocyclohexane or hexabromocyclohexane. Fluorination is too vigorous while

iodination is slow.

Br H
Br. Br
H H
Sunli 5
e > C,H,Br,
el H H
Loy Br Br
".'; H Br
i . ' 1.2,3,4.5,6-Hexa
A bt oA A bromocyclohexane

© Combustion _
When benzene is burnt in free supply ofair, itis completely oxidized to CO, and H,0.
2CH, + 150, ——— 12CO, + 6H,0
(d)  Oxidation :
i) Catalytic Oxidation
Benzene is not oxidized by KMnO, or K,Cr,0, at room temperature. The ring is

'If destroyed when benzene is strongly heated with air in the presence of V,0, as a catalyst.

L = = e i
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ii) Ozonolysis

Benzene reacts with ozone and gives glyoxal through benzene triozonide.

CHO

+30, ———> CHO+ 70—t + 3Zn0
' CHO
Benzene triozonide . Cilyoxal

Side Chain Oxidation

Alkyl benzenes are readily oxidized by acidified KMnO, or K,Cr,0,. In these reactions,
the alkyl groups are oxidized keeping the benzene ring intact.

CH, COOH

Whatever the length of an alkyl group may be it.gives only one carboxyl group.
Moreover the colour of KMnO, is discharged. Therefore this reaction is used as a test for
alkyibenzenes.

CH,CH, COOH el

o —— @ + HO + CO,
; Benzoic acid

9.5.4 Orientation in Electrophilic Substitution reactions

When an electrophilic substitution reaction takes place on benzene ring, we get only one
monosubstituted benzene because all the six positions in the ring are equivalent. However, the
introduction of a second group into the ring may give three isomeric disubstituted products,

ortho, meta and para.
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On chance basis 40% ortho, 40% meta and 20% para disubstituted products are
expected.

But the actual disubstitution of benzene does not follow this principle of chance, e.g.
m-Chloronitrobenzene is the main product of the following halogenation reaction.

. NO,
FeCl,
+ Cl, ————— @\ + HCl
cl

m-Chiloromitrobenaene

NO,

On the other hand a mixture of o-Chloronitrobenzene and p-Chloronitrobenzene is
obtained from the nitration of chlorobenzene.

@ 2(HNO, + H,50,) C[ ©+ 2H,0

- O-Chloronitrobenzene

p-Chiloronitrobenzens |

It means that the group present in the mono-substituted benzene ring has the directive
effect and thus determines the position or orientation for the new incoming groups. Therefore,
there are two types of groups:

I ortho- and para- directing groups 24 meta- directing groups
1. ortho and para Directing Groups.

. These groups release electrons to the benzene ring, thereby facilitating the availability of
electrons to the electrophiles at ortho and para positions.

This results in the increased chemical reactivity of benzene ring towards electrophilies.
The benzene ring can offer more than one positions (ortho and pnra} to the new incoming groups.
These groups are called ortho and pars directing groups, e.g.

CH,

+ 2H,0

'Ihulmhanmlusmguﬁ’mtufmﬂhylg:mplsalgmﬁcantandﬂmakmﬂmnnga good

_ —

|
|
1
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nucleophile. Due to this increased reactivity, more nitro groups can enter the ring.

CH, CH, CH,
_ NOo, NO NOG it
2HNO, + 1,80,) _ " + 2HO
&0 — T0°C - B
NO] 15-Dinfroislscne
2 4-Dinitrotoluene ;
CH,

L

CH,
NO, NO,
HNO, + H,SO, + 3HO
100°C X
NO,

2 A 6-Trmitrotoluene (THT)

Other examples of ortho and para directing groups are:-
—-N(CH,), , -NH;, -OH , OCH, , —Cl, =Br, -1

2, meta -Directin g Groups

These groups withdraw the electrons of the benzene ring towards themselves, thereby
reducing their availability to the electrophiles. This results in the decreased chemical reactivity
of benzene. Moreover, due to the electron withdrawing effect of such substituents, the ortho and
para positions are rendered more electron deficient than the meta position. Thus the incoming
electrophile will prefer to attack on meta position rather than ortho and para positions. These
groups are called meta-directing groups, e.g.

NO, NO,

HMNO, + H,50, a8 + 3H,0
95°C Nﬂz x

The substitution of third nitro group is not possible, other =xamplcs of meta

directing groupsare:
-NR,,-C=N,—-COOH .- CHO,— COR

9.6 COMPARISON OF REACTIVITIES OF ALKANES, _

ALKENES AND BENZENE |
We have studied that alkanes are unreactive class of compounds and their unreactivity is due to
their non-polar nature and the inertness of 8-bond. However, they undergo substitution reactions
relatively easily and these reactions involve free radicals.
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Alkenes, on the other hand, are very reactive class of compounds and their reactivity is
due to the inherent weakness of the m -bond and the availability of m electrons for the electrophilic
reagents. They undergo electrophilic addition reactions casily. Being relatively unstable, alkenes
undergo polymerization reactions and they arc also readily oxidized.

Benzene is unique in its behaviour. It is highly unsaturated compound and at the same
time it is very stable molecule. The stability of benzene, as described earlier, is due to the
extensive delocalization of n -electrons. It resembles alkenes when it gives addition reactions.
The substitution of benzene, however, does not involve free radicals. These are electrophilic
substitution reactions and involve electrophiles. Its addition reactions require more drastic
conditions than those for alkenes. Benzene does not undergo polymerization and it is also
resistant to oxidation.

KEY POINTS

1. Aromatic hydrocarbons include benzene and all those compounds that are structurally
related to benzene.

2. Aromatic hydrocarbons containing one benzene ring in their molecules are called
monocyclic aromatic hydrocarbons. :

3 Aromatic hydrocarbons containing two or more benzene rings in their molecules are
called polycyclic aromatic hydrocarbons.

4. Benzene was discovered by Michael Fataday in 1825.

5. The electrons in benzene are loosely held and the ring acts as a source of electrons,
Hence benzene 1s readily attacked by electrophiles in the presence of a catalyst.

6. Since electrophilic substitutions reaction lead to resonance stabilized benzene

derivatives so substitutions are the main reactions of benzene.

s Resonance energy of benzene is 150.5 kl/mol.

8. Structure of benzene is the resonance hybrid of two Kekule's structures and three
Dewar's structures. :

9. Groups like NH,, NHR, — OR, — SH, — OCOR, - X, — OH, etc. which increase the
electron density in the nucleus and facilitate further electrophilic substitutions are
known as ortho- and para-directing groups.

10. Groups like CN, ~CHO, NH,, NR,. CCl, which hinder further substitution in the benzene
nucleus are known as meta- directi ng groups.

EXERCISE

Ql.  Fillintheblanks.
i) The term aromatic was derived from Greek word meaning

i) Aromatic hydrocarbons include benzene and all those compounds which are
related to benzene.
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Q3.

1§]

i)

v')

Vi)

vii)

viii)

1x)

x)

= __is recognized as the simplest member of the class of Aromatic
| Ivdrocarbans,
Bensene has : structure,
The removal of hydrogen atom from aromatic hydrocarbons gives a radical. The
radicals are called
Benzene was discovered by Michael Faraday in
The unhybridized 2p, orbitals in benzene partially overlap to form a
. ___ofelectroncloud.
The introduction of halogen group in benzene ring is called
The molecular formula of C,H, indicates that it is highly
compound.

On oxidation in the presence of V,0, benzene gives

Indicate True or False.

Benzene is more reactive than alkene and less reactive than alkane.
Benzene has a pentagonal structure.

The C—C bond lengthin benzene moleculeis 1.397 A.

The state of hybridization of carbon in benzene molecule is sp”.

There are six sigma bonds in benzene molecule.

Halogenonium ion produced in clectrophilic substitution reactions is a powerful
electrophile.

In electrophilic substitution reactions, addition products are favourable.
Sulphonation is carried out when benzene is heated with conc. HNO,.

In ozonolysis benzene directly gives glyoxal.

Eenzene has five resonace contributing structures.

Multiple choice questions. Encircle the correct answer.

i)

{a)
(c)
ii)
(a)
(c)

iif)

(a)

The benzene molecule contains:

three double bonds {b) iwo double bonds

one double bond (d) delocalized n-clectroncharge
Aromatic hydrocarbons are the derivatives of:

normal series of paraffins " (b) alkene

benzene (d) cyclohexane

Which of the fﬂllowing acid can be used as a catalyst in Friedel-Crafts
reactions?

‘AIC, . (b) HNQ, (¢) BeCl, (d  NaCl
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(a)

aHE)
@

Q.5.

Q.4. Whatmm-. hydruearbons? How are theyw€lissitied?

‘ (nJ *' "%ﬁhﬁﬁﬁmm&sqmsm
(b} sﬂgl‘lﬂﬂlﬂpassﬁmum@mne in sunll ght.
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————
Benzene cannot undergo:
substitution reactions ‘(b) addition reactions
oxidation reactions (d) elimination reactions

Amongst the following, the compound that can be most quily sulphonated is:
toluene . (b) benzene (c) nitrobenzene (d)  chlorobenzene
During nitration of benzene, the active nitrating agent is

NO, (b) : NG RR(E) NO, (d) HNO,

Which compound is the most reactive one: :

benzene (b) clhene (c) ethane (d) ethyne

The electrophile in aromatic sulphonation is:

H,S0, ® HSO] () so, - (d SO/
Am'mntlncmnpuunda burm with sooty flame because:

the)rhawh;gh percentage of hydrogen.

meyhnwa nngxtmcture

they have Mghpemeuf carbon.

they resist reaction with air. '

The conversion of n-hexm mta benzene by I'wanng in the presence of Pt is called:
isomerization (b) aromalization :
“dealkylation " (d)  rearrangement

iii) Sulphonation
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(b) Give names and the pusslblc isomeric structures of the following.

i) Xylenes ii)  Trimethylbenzene iii) Bromonitrotoluene
Q. 8. Write JIUPAC names of the following molecules.
CH,CH,
CH
(a)
Q.9. Givethe j._.,r..ncnli mechanism of the eIccu'uphllm aromatic subsmutmn reactions.
Q. 10. (a) Describe the structure of benzene on the basis of following.
: i) °  Atomic orbital treatment ii) Resonance method
: (b) Prove that benzene has a cyclic structure. ;
| Q. 11. Predict the major products of bromination of the following compounds.
(a) Toluene (b) Nitrobenzene (c) Bromobenzene .
(d) Benzoic acid (g) Benzaldehyde ERIL) Phenol
Q. 12, How will you prepare the following compounds from benzene in two steps.
(a) m-chloronitrobenzene (b) p-chloronitrobenzene
Q. 13. Complete the following reactions, Also mention the conditions needed to camry out
these reaclions,
Q-n —
Qo —
OH
O+a —
SOH
@. + HOH ——m
@ + 80, cae a0 ot
Q. 14. Detail out three reactions in which benzene behaves as lfltli lmh}'m
y and three reactions in which it behaves as if it is unsaturated,
Q. 15. What are Frediel-Crafts reactions, Give mechanism with ulmphofﬂnfhllwhi

reactions.

i) Friedel-Crafis alkylation reactions i) Fnuhl—ﬁh’lﬂsacyllumm

=y = - e e~ B il Sl _..-,-r %
I : ﬁ.:-




- .@I ; Alkyi Halides
_CHAPTER

10

ALKYL HALIDES

In this chapter you will learn

|, How to name an alkyl halide and to classify it into primary, secondary and tertiary
alkyl halides.

2. Simple ways of generating alkyl halides.

3. The reason why C-X bond in chemistry is one of the most reactive tvpe.

4 The general mechanistic details of nucleophilic substitution and elimination reactions.

5 The preparation of Grignard's reagent, the reactivity of C-Mg bond and its svnthetic

applications in arganic chemistry.

10.1 INTRODUCTION
" Halogen derivatives of alkanes are called haloalkanes. They may be mono, di, tri or poly
haloalkanes depending upon the number of halogen atoms present in the molecule.

fiev |
i
H—C —X H—C =X H—C — X
I | |
H - H X
Monohaloalkane Dihaloalkane Trihaloalkane

Among these, monohaloalkanes are also called Alkyl Halides. Their general formula is
R--X, where R may be methyl, ethyl, propyl, etc. and X represents halogen atoms (F, Cl, Br, I).
Mono haloalkanes or alkyl halides are further classified into primary, secondary and tertiary
alkyl halides depending upon the type of carbon atom bearing the halogen atom..

In a primary alkyl halide halogen atom is attached with a carbon which is further
attached to one orno carbon atome.g.,

CH,— Cl CHi*—CH,—¢| CH,— CH,— CH,— Cl
Chiloromethans Chlorocthane A ~ 1-Chloropropane

hu-u W e Y ]
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Secondary alkyl halides are those in which halogen atom is attached with a carbon atom
which is further attached to two other carbon atoms directly, e.g., secondary carbon atom..

CH Cl

CH Cl CH,— CH—- CH, — CH,
CH. |
"L hloropropare 2-Chlorobutane

In tertiary alkyl halides halogen atom is attached to a carbon u;i:ich is further attached to
three carbon atoms directly.
CH,

o
H Gl

CH,
2-Chloro-2-methylpropane

10.2 NOMENCL ij.TUREEll""f"a.l,.]'i“"l:"LHﬁi.Llﬂl‘S
COMMON NAMES

Alky! halides (monohaloalkanes) are named according to the nature of the alkyl group to
which halogen atom is attached. For example, i

(FII. 5 ':1-| CH,"—'CH,—BT C]'I"'_'CH!_CH"_'- n:‘ -
Mathy! ehloride Etliy] bromide fi-Propy! bromide
CH,
‘\\
_CH — CH,—Cl CH,— CH, —CH, —H, =—Cl
Isohuty] chloride
IUPA C Nomenclature

The systematic names given to alkyl halides follow the underlying rules.
1. Select the-longest continuous carbon chain and wnmder the compound to have been

derived from this structure. ,
2 Number the carbon atoms in the chain so that the carbon atom bearing Ih: ﬁ.mcunnal
: gmup{F Cl, Br, l}gmmeluwestpumblanwnbur L : e s

= e e et

i Hr i




Alkyl Halides
H HE=H H
e - il
e
H H X H
~ 2-Halobutane
If the same alkyl substituent occurs more thar once on the chain, the prefix di, tri and so
on are used before the name of the alkyl group.

The positions of the substituents are indicated by the appropriate numbers separated by
commas. If the same substituent occurs twice or more on the same carbon atom the

number is repeated. ,
Examples which follow the above mentioned rules:
- 4
“CH, _
3 2 1 ol |
CH,— CH,—CH,—Cl CH— CH— CH,
I-Chlw CH_, Br
E-Bmmjl-mmhylhulam
Cl
4 3 | - 4 3 la
EH,—CH,—(llH —CH, CH,—-_CHt—(i:—CH,
Cl - _ Cl
2-Chlorobutang 2. 2-Dichlorobutane
: CH, Cl GH,
6 s Ay |2 | 1
H,C— CH,— CH—CH,—CH —CH, LCH,— CH—CH,CI
2-Chloro-4-methylhexane ' 1 -Chloro-2-methylpropane
CH
! i CH,
CH,—C—Cl " CH—CH— C!H — CH,
CH, ' +CH; : Cl
2-Chioro-2-methylpropane 2-Chloro-4-methypentane”

-

o,

L T

T TR R
jH—-—-TH-—-CH*-CH,

ofi mrsiaund CHPCH, '.:C'IH’ e T .. i

Tl

Er . ETT ]
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103 METHODS OF PREPARATION OFALKYL HALIDES

Alkyl halides can be prepared by the halogenation of alkanes and by the addition of
halogen acids to alkenes. These methods have already been discussed in the previous chapters.
The best method for the preparation of alkyl halides is from alcohols.

1. From Alcohols

(a) Reaction of alcohols with halogen acids.
Alcohols may be converted to the corresponding alkyl halides by the action of halugcn
acid in the presence of ZnCl, which acts as a catalyst.

CH,CH, — OH + HX -% *CH,CH,—X + H,D

Etbryl halide
(b) Alcohols also react with thionyl chloride in pyridine as a solvent to give alkyl chlorides.
This method is especially useful since the by-products (HCI, SO,) are gases, which
escape leaving behind the pure product.

ROH + soCl, 2%, Rp__Cl+ 50,+ HCl
Ethyle halide
(¢)  Phosphorus trihalides or phosphorus pentahalides react with alcohols to rePlace -OH

group by a halo group.
3CH,— CH,— OH + PBr, ——— 3CH,— CH,—Br + H,PO,

CH,— CH,—OH + PCl, ——— . CH,— CH,—Cl '+ POC], + HCl

2. . Anexcellent method for the preparation of simple alkyl iodide is the treatment of alkyl
chloride or alkyl bromide with sodium iodide. This method is particularly useful because
alkyl iodides cannot be prepared by the direct iodination of alkanes.

= RCl + Nal ——— RI + NaCl
RBr + Nal — Rl + ‘NaBbr

104 REACTIVITY OFALKYLHALIDES

An alkyl halide molecule (R — X) consists of two parts, an alkyl group with a partial
positive charge on the carbon atom attached-to halogen atom and the halide atom with a partial

negative charge.

There are two main factors which govern the reactivity of R—X bond.
These are: :

i) C— X Bond energy : . " ey
ii) C— X Bond polarity : - bl o el (LI
- I S — ‘.'-

'R ] R R = = e T




Bond Energy

The following table shows the bond energies of C — X bonds in alkyl halides. The
strength of the bonds show that iodo compound (with the weakest bonds) would be the most
reactive one while Auoro compound will be the least reactive i.e., the order of reactivity of alkyl
halides should be

R 1> R Bisagese=stll > K==}

Bond Polarity
Electronegativities of halogen, carbon and hydrogen stoms present in alkyl halides arc
shown in the table.

The  greatest electronegativity difference Bond BBy
exists between carbon and fluorine atoms in alkyl ' (kJ/mol)
fluorides. If an electrophile is the attacking reagent C—==F 467
then this difference suggests that alkyl fluorides would ¢—H 413
be the most reactive one. On the same lines, alkyl c—cl 346
iodides should be the least reactive alkyl halides. C—Br 290

In the light of the above discussion it is clear C—I 228

that the two factors mentioned above predict different
types of behaviour about the reactivity of alkyl

halides. Experiments have shown that the strength of Ao Electronegativity
carbon halogen bond is the main factor which decides F a0
the reactivity of alkyl halides. al 3.0
S0 the overall order of reactivity of alkyl Br 28
halides fora particular alkyl groupis: I 25
lIodide > Bromide > Chloride > Fluoride. s 2.1 .
Cc 2.5

In fact the C—F bond is so strong that alkyl
fluorides do not react under ordinary conditions.
10.5 REACTIONSOFALKYLHALIDES
_ The reactions of alkyl halides fall into two categories.
.- Those reactions in which the halogen .is replaced by some other atom or a group
(nucleophilic substitution. or S, reactions)..

23 Those which involve the removal of HX from the alkyl halide (elimination, or E reactions).

10.5.1 Nucleophilic Substitution Reactions

Before discussing specifically the nucleophilic substitution reactions (S,) of alkyl
halides, let us look at the nucleophilic reaction in general. The overall process describing an S,
reaction is shown as follows: '

#——-

e

B T T a——
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Nu + - C—1L — No —C— +L

In this equation the incoming group Nu is a nucleophile, Nucleophile means nucleus
loving. It has an unshared electron pair available for bonding and in most cases it is basic in
character. It may be neganvely charged or neutral.
Examples of Nucleophiles

Ol " Hydroxide ion Cl Chloride ion
C,H0 Ethoxideion Br Bromide ion
HS" Hydrogen sulphideion .|  NH, ' Ammonia

SCN Thiocyanate ion CN Cyanide ion
H,0: Water [ lodide ion

NH, Amino group

" Electrophile

It is a specie which attracts electrons (electron loving). The carbon atom of an alkyl
group attached with thehalogen atom and bearing a partial positive chargeis called an
electrophile or electrophilic center. An electrophile may be neutral or positively charged.

Leaving Group '

L is also a nucleopile. It is called leaving group because it departs with an unshared pair \
of electrons. If 'we wish a SN reaction to proceed in the forward direction the incoming
nucleophile must be stronger than the departing one. CI', Br, I, HSO, are good leaving groups.
Poor leaving-groups are OH ', OR and NH;". lodide ion is a good nucieophile as well as a gﬁod
leaving group.

Substrate Molecule :
The alkyl halide molecule on which a nucleophile attacks is called a substrate molecule.

10.5.2 Mechanism of Nucelophilic Substuitution Reactions
Alky! halides may undergo nucleophilic substitution reactions in two different ways:
. NucleophilicSubstitution Bimolecular (,2)
2. Nucleophilic Substitution Unimolecular (S,.l}

Nucleophilic substitution reactions on alkyl halides mvulw: two main pmomm
breakage of C — X bond and the formation of C — Nu bnnd.’!‘hnmechammofﬁ:n lec
subahtutmn reactions depends upon the hmmg ofﬁm twu processes. If themprm

Ir '!r"'li‘

e | B
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simultaneously the mechanism is called S.2. Ifthe bond breaks first followed by the formation of
anew bond, the mechanism is called S, 1.
Nucleophilic Substitution Bimolecular (S,2)

This is a single step mechanism. As soon’ as the nucleophile starts attacking the
electrophilic carbon of the substrate, the bond with which the leaving group is attached, starts
breaking. In other words the extent of bond formation is equal to the extent of bond breakage.

Another important feature of this mechanism is the direction of the attack of the
attacking nucleophile. Itattacks from the side which is opposite to the leaving group.

In order to give to the nucleophile enough room to attack, the substrate carbon atom
changes its state of hybridization from tetrahedral sp’ to planar sp’. The attack of the nuclephile,
the change in the state of hybridization and the departure of the leaving group, everything occurs
atthe same time.

W i
Dm r —— HD ...... -(I: ...... B'r ———p E_I{J_“_{"\___‘]:;E A4 Hl.’
Y
H ;
H _ H
Transition state Inverted molecule  Leaving group

During the reaction, the configuration of the alkyl halide molecule gets inverted. This is
-called inversion of configu ranon

Molecularity of a rca::tmn is defined as the number of molecules taking part in the rate
determining step. Since in this mechanism, the reaction takes place in only one step which is also
a rate determining step and two molecules are participating in this step, so it is called a
bimolecular reaction.

Kinetic studies of the reactions involving S,2 mechanism have shown that the rates of
such reactions depend upon the concentrations of alkyl halide as well as the attacking
nucleophile. Mathematically, the rate can be expressed as:

Rate =k [Alkyl halide]' [Nucleophile]'

Since the exponents of the concentration terms in the above i:xpre:-ismn are unity, so the

- orderofatypical S,2 reaction willbe 1 +1=2.

Among the alkyl halides, the primary alkyl halides always follow S,2 mechanism
whmwerﬂmymaﬂickadbynmhophilcs
Nucleophilic Substitution Unimolecular (S, 1)

This type of mechlm:m involves two steps, The ﬁrstsl;ep i the reversible ionization of

ﬂrulk)rl halide in the presence ofnuqums acetone or an aqueous ethyl alcohol. This step
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provides a carbocation as an intermediate. In the second step this carbocation is attacked by the
nucleophile to give the product. '

CH, HC {EH,
Polor solvent \\ ,{
| slow ] :
CH, CH,
Carbocation
H,C CH; | CH,
SOV o — ™ cHEG O
| 5
CH, CH,
Product

Since the first step involves the breakage of a covalent bond so it is a slow step as
compared to the second step which involves the energetically favourable combination of ions.
The first step is, therefore, called the rate-determining step. The mechanism is called
unimolecular because only one molecule takes part in the rate determining step.

In S,,| mechanism, the nucleophile attacks when the leaving group had already gone, so
the question of the direction of the attack does not arise. Moreover, the intermediate carbocation
is a planar specie allowing the nucleophile to attack on it from both the directions with equal ease.
We, therefore, observe 50% inversion of configuration and 50% retention of configuration.

; CH
H,C CH, : ].]:_{:-_\. . / 2
Uﬁ{*f—\oﬁ' e L HC—C—IOH¥ HD—C< CH,
st i i CH,
CH, H,C
? Rerention of configuration Inversion of configuration

Reactions involving S, mechanism show first order kinetics and the rates of such

reactions depend only upon the concentration of the alkyl halide. The rate equation of such

reactions can be written as follows. :
Rate = k [Alkyl halide]

Tertiary alkyl halides when attacked by a nucleophile always follow S,1 mechanigm. .

Secondary alkyl halides, on the other hand, follow both S, and S,2 mechanisms. . ¥

——— T — Sy e

I RRRN=.
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10.5.3 B-Elimination Reactions

During nucleophilic substitution reactions, the attacking nucleophile attacks the
electrophilic carbon atom of the alkyl halide. There is another site present in the alkyl halide
molecule where the nucleophile can attack at the same time. Such a site is an electrophilic
hydrogen atom attached to the B -carbon of the alkyl halide. When the attack takes place on
hydrogen, we get an alkene instead of a substitution product. Such a type of reactions are called
elimination reactions.

These reactions take place simultaneously with substitution reactions and often compete
with them.

H H

Alcoholic
I'-l ﬂl KOH
H—C—C—Br ———— H—C=—=C—H + HBr
e o T
H H H H
Bromocthane Ethene

Like nucleophilic substitutions, the elimination reactions can also follow E, or E,
mechanism. In E, mechanism, the nucleophile attacks and the leaving group leaves at the same
time with a formation of carbon carbon double bond.

Thesingle step E, elimination
e ., H H  H
B |ﬁ, 5 Aleoblic [ | g
H-—T—-—Ctﬁr ==h= C=—C + Br+ BH
| | [
H H H H

Like S,2 reactions, the nmlmulmty of E, reactions is also two and these reactions show
second order kinetics,

In E, mechanism, like S,,1 mm: first step is the slow onization of the substrate
to give a carbocation. In the second step, the nucleophile attacks on hydrogen to glvf: analkene as
a product.

CH, H,C CH,
]5' 5 alow \ A =
m—?‘—-ﬂf e e + Br
- 4 I
CH, CH,




N | AT
R =, C==C/ + HO

H  CH, i - CH,
2-methyl propene

E2mechanism is a bimolecular mechanism and the rates of those reactions which follow
this mechanism depend upon the concentrations of the alkyl halide as well as the attacking
nucleophile or a base. E1 mechanism, on the other hand, is a unimolecular mechanism and the
rates of those reactions which follow this mechanism depend only upon the concentration of the
alkyl halide molecule. Primary alkyl halides gencrally follow E2 mechanism whereas tertiary
alkyl halides follow El mechanism.

Examples of S, reactions are given below, These reactions show the usefulness of alkyl

halides as synthetic reagents.

Attacking
Substrate Nucleophile Product
CH,— CH,— B/’ + B’y -—— CHOH, * Bt
. o 1 Ethy! alcohal
CH,— CH,— B/ + T —— CH] + Br
i Ethyl iodide
CH,— CH,— B’ + ON . —e—pv CHCN., +. BC
: i . Prapanc nitride
5 T :
CH,— CH,— Br’ + NO, —— " GCHNO; + .Br
Mitrocthane .
CH,— CH,— B¢ + CHO —— CH,— CH,— O—CH, + Br
‘ Eihyl micthylcther
5 5 .. .
CH,— CH,— B/’ + WM, ——— CH,—NH, + HBr

Ethylamine

e e ﬁt’j‘H,——- Brﬁ' + CH,— CH,== ﬂH, e I:CH,_ CH,),NH + HBr

CH,— CH,— B + (CH,— CH,),NH 5. e —CHN + HBr

A Tricthylamine
CH,— CH,— Bf + (CH,— CHpN _— {CH,— (;HJ,.N + 1mratn“r‘
i _ ! e GEES)
CH,— é‘H;-— Bf + SH —_— C:H.SH T'*_ Bf- ;._4*:.51
CH,— Ch, — B + CHCOONa™ —_— GQOQH- + NaBr: .
mwmmwllb‘lhﬂidumufoﬂwx mm i
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Taod” Alkyl Halides

1. Wurtz Synthesis

Alkyl halides react with sodium in ether solvent to give alkanes. The reaction is
particularly useful for the preparation of symmetrical alkanes.
CH,— CH, — Cl+2Na+Cl— CH,— CH, ——"— CH,— CH,— CH,—CH,+ 2NaCl

n-Butane

2. Reduction of Alkyl Halides
Alkyl halides can bereduced with zinc in the pres»:ncc of'an aqueous acid such as HCl or
CH,COOH. -
Bl = CH = CleZn S H + CT —— CH,— CH,— CH,+ ZnC(Cl],

Propune
3. Reaction with Sodium Lead Alloy (Na,Pb) ’

Methyl chloride and ethyl chloride react with sodium lead alloy giving tetramethyl lead
and tetraethyl lead, respectively. These compounds are important anti-knock agents and are used
in gasoline.

' 4CH,Cl + Na,Pb ———— (CH,),Pb .+ 4NaCl
Tetramethyl lead
4CH,CH;—Cl ~ + NaPb = —— (CH,CH,)Pb + 4NaCl
Tetracthyl lead
10.6 GRIGNARDREAGENT

Grignard reagents RMgX are derivatives of all-q_.rl halides belonging to class of
organometallic compounds. Grignard reagent was first prepared by Victor Grignard in 1900.
These reagents are so important in organic synthesis that almost all the classes of organic
compounds can be prepared from them. Due to their importance and applications Victor
Grignard was awarded Nobel Prize in chemistry.

Preparation: :

CGrnignard reagents are prepared by the reaction of magnesium metal with alkyl halides in

ﬂ:ﬁpm&mceufd:yether{almholﬁ'u moisture free).

R—%+ Mg I R M

CH,—CH,—Br + Mg —— (CH,—CH,—Mg—Br
Ethyl magnesium bromide
Ituunponnntlhataﬂthemmmsmustbeabmlumlydr}randpurehe:causfeﬁngmrd

reagents are so reactive that they may react with moisture or any impurity present.
Reactivity of alkyl halides with magnesium is in the following order:
Alkyl iodide > Alkyl bromide > Alkyl chloride
And for a given halogen the order of reactivity is as follows;
CHX>CHX>CHX
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Structure and Reactivity %,
Grignard reagents are much reactive than most of the organic compounds. The reactivity
is due to the nature of C-Mg bond which is highly polar.
8 58
CH,CH, — Mg—X
Magnesium is more electropositive than carbon and the C-Mg bund though cutrnlcnt is
highly polar, giving alkyl carbon the partial negative charge. This negative chnrg.e is of an
unusual character which makes the alkyl groups highly reactive towards electrophile centres.
Mostly reactions shown by Grignard reagent are exothermic.

Reactions

(i)  With water

) : Br .
i 5 & & 6 Ether P
CH,—CH,—M§=Bf + HrQH ——— CH—CH+ MeS o
Ethylmagnesium bromide Waler

(i) With ammonia : e
...--""'"'-._._-—__-1-""‘"-;‘. : Bl’

& 5 E & & Ether CHi— CH. + M ”
— S — ¥ e 5 L] g
CH,—CH,—Mg—Bf + HNH —— O MES

Ammonia

(iii)  With cyanogen chloride

/____.—-——-—————._____HE %) - /
cH,—CH,—ME— B + ¢~ N —— “CH;— CH,— CN + Mg

Cyanogen chioride

Br
Cl

(iv)  With alcohols
/_\ Br

- % = E- = P - /
CH;— CH, —M§'— B} + CH,— CH, — ﬁ_}— H =", CH,— CH, +Mg{
: Ethanol OCH.CH,

(v) With CO,

. : e W e
CH,—CH,—Mg—Br + Q==C=0—"2> 0=C—OMgr N

Carbon dioxide CH, CH,
I Br |
CH, +Mg{ - CH,
OH Propancic acid




— T

: i
—=E, H—cC— OMgBr i,
CH,CH,’
H.- Br
\ /
H-C—OH + Mg
cH—cH” N
- H OH
1=Propanoll Privnary alcoholj
H I
~—E, CH,— C— OMgBr —2
CH— CH;/
H B
CH—C—OH + Mg
CH,— CH,/ \oH

2-Butanal{Secondary slevhol)
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10.

KEY POINTS

Monohalo derivates of alkanes are called alkyl halides.

The general formula ofalky | halides is C,H,, ., X.

The best method for the preparation of alkyl halides is by the reactions of alcohols with

inorganic halides like SOCIl,, PX, and PX,.

Alkyl halides are very reactive class of organic compounds. They undergo nucleophilic

substitution reactions and elimination reactions in the presence of a nucleophile or a

base.

Nucelophilic substitution reactions can take place in two distinct ways. A one step

mechanism is called S,2 while a two step mechanism is called S, 1. S, reactions show

first order kinetics whereas S,2 reactions show 2nd order kinetics.

Nucleophilic substitution reactions take place simultaneously with elimination

reactions and often compete with them. _

Elimination of two atoms or groups from adjacent carbon atoms in the presence of a

nucleophile or a base is called p-elimination reaction. Like nucleophilic substitution,

(B-elimination reaction also takes place intwo distinctways E, and E,.

Grignard reagent can be prepared by adding alkyl halide in a stirred suspension of

magnesium metal in diethyl ether.

Grignard reagent has a reactive nucleophilic carbon atom which can react with

electrophilic centres to give the products in high yields. ,

Primary, secondary and tertiary alcohols can be best prepared by reacting Gngnlrd

reagent with formaldehyde, any other aldehydes and ketones, respectively.
EXERCISE

Q.1.Fill in the blanks.

i)

i)

1ii)

iv)

v)

vi)

In tertiary alkyl halides the halogen atom is attached to acarbouwhmh is further attached
to carbon atoms directly.

The best method for the preparation of alkyl halides is the reaction of with
INOrganic reagents.

An alkyl group with a partial positive charge on the carbon atom is called : 3
centre. i

The mechanism is called if it involves one molecule in the rate determining
step. ; :

Molecularity of a reaction is defined as the number of molecules taking part in the
The molecularity of E2 reactions is always two and the reactions show ____order
kinetics. -




ﬁ

vii)
viii)

iii)

Alkyl Halides
Wurtz synthesis is useful forthe preparationof _~~~ alkanes.

Grignard reagents are prepared by the reaction of magnesium metal with alkyl halides in
the presence of -

Indicate True or False.
In secondary alkyl halides, the halogen atom is attached to a carbon which is further

attached to two carbon atoms directly.

Alcohols react with thionyl chloride in ether as solvent to give alkyl halides.

Order of reactivity of alkyl halides for a particular alkyl group is:

lIodide > Bromide > Chloride > Fluoride

In S,2 reactions the attacking nucleophile always attacks from the side in which the
leaving group is attached.

* Methyl magnesium iodide on hydrolysis yields ethyl alcohol.

Primary, secondary and tertiary amines react with Grignard reagents in the same way.
The reactions of secondary alkyl halides may follow both S, 1 and S,,2 mechanisms.

S, mechanism is a one stage process involving a simultaneous bond breakage and bond
formation.

In B -elimination reactions, the two atoms or groups attached to two adjacent carbon
atoms are lost under the influence of an electrophile.

The reactivity order of alkyl halides is determined by the strength of carbon halogen
bond. -

Multiple choice questions. Encircle the correct answer.

In primary. alkvl halides. the halogen atom is attached to a carbon which is further
attached to carbon atom(s). Indicate the number.

(a) Two (b) Three (c) One  (d) Four

The reactivity order of alkyl halides for a particular alkyl group is:

‘(a) Fluoride> Chloride> Bromide > [odide

(b) Chloride > Bromide > Fluoride > [odide

(¢)  lodide>Bromide> Chloride> Fluoride

(d) = Bromide>Iodide> Chloride > Fluoride ;
When CO, is made to react with ethyl magnesium iodide, followed by acid hydrolysis,
the product formed is:

“(a) . Propane (b)  Propanoicacid
* (¢)  Propanal i (d)  Propanol
Grignard reagent is reactive due to: ‘

(a) the presence ofhalogenatom  (b) theprmnceofMgatdm
(¢) thepolarityofC-Mgbond  (d)  noneoftheabove

F




v) 5,2 reactions can be best carried out with:
(a) Primary alkyl halides (b) - Secondaryalkylhalides
(c) Tertiary alkyl halides (d) Allthe three |
Vi) Elimination bimolecular reactions involve: i
(a) first order kinetics (b) second order kinetics
(c) third order kinetics (d) zero order kinetics
vii) For which mechanisms, the first step involved is the same.
(a) El and E2 (b) E2and S,2
(c) S,land E2 (d) El and 5,1
viii)  Alkyl halides are considered to be very reactive compounds towards nucleophiles,
because:
(a) they have an electrophilic carbon

(b) they have an electrophilic carbon and a good leaving group

(c) they have an electrophilic carbon and a bad leaving group

(d) they have a nucleophilic carbon and a good leaving group
ix)  Therateof El reaction depends upon:

(a) the concentration of substrate
(b) the concentration of nucleophile
(c) the concentration of substrate as well as nucleophile
(d) None of the above
X) Which one of the following is not a nucleophile :
() HO () HS
(b)  BF, (d)  NH,

Q.4.  Definealkyl halide. Which is the best method of preparing alkyl halides?
Q.5.  Write down a method for the preparation of ethyl magnesium bromide in laboratory.

1Q-ﬁ- “Give [UPAC names to the following compounds: -
- (i) CH,—CH(CH,)—CH,— TH —CH; (i) " CH— (IEH_ (|:H— CH,

Cl CH, Br
(iif) (G;H,),CH— CH,—CH — CH, (iv) (CH),C—CH,—Cl
Cl _
(v) (CH,),CHBr . (vi)  (CH,),CH— CH,— CH(GH)CHCI
: Eir Blr v .
(vii) CBr, i) HC—cH, @) CHCL
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Q.7.

Q8.

Q..
Q.10.

Q.11.

Q 12.

(x) (CH,,C —CH,-— CH, — Br (xi) (CH,),CH—CH,— C(CH,),
Cl
(xii) (CH,),C —f{CH;.L (xiii) (CH,CH,),CBr
'!31 Cl

Draw all the possible structures that have the molecular formula C,H,,Cl. Classify each
as primary, secondary or tertiary chloride. Give their names according to [UPAC system.
Using ethyl bromide as a starting material how would you prepare the following
compounds. Give also the inorganic reagents and conditions necessary to carry out these
reactions: '

(a) n-Butane (b) Ethyl alcohol

(c) Ethyl cyanide (d) Ethane

(e) Ethene (f) Propanoic acid

(g) Propane

Write a detailed note on the mechanism of nucleophilic substitution reactions.

What do you understand by the term p-climination reaction. Explain briefly the two
possible mechanisms of f-elimination reactions.

What products are formed when the following compounds are treated with ethyl

magnesium bromide, followed by hydrolysis in the presence of an acid?
(i) HCHO (i) CH,CHO (i) CO,
(iv) (CH,),CO (v) CH,— CH,—CHO (vi) CICN
How will youcarry out the following conversions?
£ CGH. = 5  CHCHECEOH
ii) CH,— CH, ————— (CH/— CH,)N'Br
iii) CH,= CH, ———— CH,— CH,— CH, — CH,— OH
iv) CH,CH,CH,Cl ————> CH,—CH = CH,
v) CH,COOH & 2 CHCHCOOH

TE e . — ey gy
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CHAPTER

1

ALCOHOLS PHENOLS AND ETHERS

In this -chﬁpter you will learn

L. How to name simple monohydric and polyhydric alcohols and their classification as primary,
secondary and tertiary alcohols. :
2. The important synthetic reactions leading to. alcohols and mdustrlal processes for the
manufacture of methanol and ethanol. ;
3. The nature of OH group and its reactwlty when O-H bond is broken and when C-O bond is
broken.
4. Todistinguish chemically between the primary, secondary and tertiary alcohols.
The methods of preparation of phenol and its acidic nature.
. 6. The importance of phenol as starting material for the pmpuratmn of five industrially important
' compounds.
7. How to name ethers and preparation ofdiethyl ether. _
8. The physical and chemical behaviour of diethyl ether and its ineriness lowards chemical
reagents. :

' 1.1 INTRODUCTION

Alcohols, phenols and ethers are classes of organic compounds which are much closerto
water in structure and hence considered as derivatives of water.

/‘3\ ioows /¢\ e

ter " Alcohal Ether

. Alcohols and phenols are much more close to one another in structure and properties.
Both contain hydroxyl (-OH) group so they may also be termed as hydroxyl derivatives of

alkanes and benzene respectively. In ether both hydrogens of water are repiﬂwd b}' alkyl or

phenyl groups.

1y
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Alcohols, Phenols and Ethers

They are represented by a general formula ROH where R is an alkyl group which may be
CH,—, CH,CH,—, (CH,),CH— and CH,—CH,—, etc.
Classification

Alcohols are classified into monohydric and polyhydric alcohols. Monohydric alcohols
contain one-OH group while polyhydric alcohols may contain two, three or more OH groups and
named as dihydric or trihydric alcohols, etc.

Monohydric alcohols are further classified into primary, secondary and tertiary alcohols.
In primary alcohols, -OH functional group is attached with primary carbon atom, in secondary
alcohols with secondary carbon atom and in tertiary alcohols it is attached with a tertiary carbon
atom.

CH, CH,

%S N
CH;— CH,7— OH _ CH—OH CH:—— € — 08
{'.Hj/ CH.
Primary alcohol Secondary alcohol Tertiary alcohol

11.2.1 NOMENCLATURE OFALCOHOLS
There are two systems of naming alcohols.
Common or Trivial Names
(a) Lower and simpler alcohols are usually known by their common or trivial names,
~ obtained by adding the name of alcohol after the name of the alkyl group to which the
OH groupisattached, e.g.,

CH,0H CHOH C,H,CH,0H
Methyl alcohol - Ethyl aleohol Benzyl alcohol

" (b) IUPAC Names

In this system the alcohols are named according to the following rules.
(i) The longest chain of carbon atoms containing the hydroxyl group is taken as parent
hydrocarbon. The ending 'e' of alkane isreplaced by ol, e.g;

CH,GH C,H,OH C,H,,OH
Methanol Propanaol Pentanol

(ii) The position of OH group is indicated by a number placed before the name. The carbon
chain is numbered, starting from the end where carbon atom. gttached with OH group
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gets the lowest possible number, e.g;

CH, — CH,—'CH, — CHi— OH CH,— OH, —GH —1aH,
I-Butanol 2-Butanol OH

(iii) Ifmore than one OH groups are attached, they are indicated by an appropriate suffix diol,
triol, elc., e.g;

CH.— CH, {lfH,— CH— CH,
OH OH OH OH OH
1, 2-Ethancdiol Glycol) 1.2,3-Propanetriol (Glycerol)

(i) The unsaturated alcohols are numbered in such a way that hydroxyl group rather than the
point ot unsaturation gets the lower number, e.g.;

4 3 2 |
CH,— CH = CH — CH,0H
2-Buten -1 - ol

(v) When hydroxyl group is not a preferred functional group as in hydroxy acids, aldehydes
and ketones, the substituent name hydroxy is used as a prefix to indicate the position of

OH group, e.g.;
OH HO — CH — COOH
3 2 I
CH,— CH — COOH HO — CH — COOH
2-Hydroxy Propanoic Acid 2,3-Dihydroxy butanc-1, 4-dioic acid
{Lactic Acid) (Tartaric Acid)

The names of some aleohols in the two systems are given below:

Formula ananlNiﬁH 3'_;‘ )

CH,0OH : Methy] aleohol

CH,CH,OH Ethyl alcohol

CH,CH,CH,OH | n-Propylalcohol

CH, .

S iCH—=0H Al e et AR A
CH; i '
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Formula Common Name IUPAC Name
CH, — CH, ——7 CH, — CH] —OH n=Huiyl aleohal | -Butanal
CH_, — CH — CHJ — OH I20-Hutylaleahol 2-Methyl-1-propanol
CH,
CHL_ CH: = /CH— OH sec-Butylaleohol 2-Autanol
CH,
CH,
CHJ_C —OH Ter-Butyl nleohal 2-Methyl-2-propanol
CH,
11.2.2 Industrial Preparation of Alcohols
Methanol

Formerly methanol was prepared by distillation of wood. That is why it is also called as
wood spirit. Nowadays methanol is prepared from carbon monoxide and hydrogen or water gas
as follows:

CO + JH s 2220, . CH,0H

450°C:2000tm
Unreacted €0 and H,
FAT] I g ;
: b ecirculation
Geo | [T puimp
b r‘- it e e ™ : :
- 4 & = i i ey
: } = =y . ﬁ" () dud H
el ;II
CO+H. | Gas
b =i v i Catalvsi Methanal
: L A Lok
_Fig. 11 ethanol Methanc

First of all a mixture ol carbon monoxide and hydrogen is purified. It is compressed
under a pressure of 200 atmospheres and taken into a reaction chamber by means of coiled pipes.
Here the catalyst is heated upto 450-500 °C. Gases react to form methanol vapours. These
‘vapours are passed through a condenser to cool the methanol. Unreacted gases are recycled |

through compressor to reaction chamber.

e g

————e
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Ethanol

Ethanol is prepared on industrial scale world over, by the process of fermentation.
Fermentation is a biochemical process which occurs in the presence of certain enzymes secreted
by microorganisms such as yeast. Optimum temperature for this process of fermentation is
25-35°C. Moreover, proper aeration, dilution of solution and the absence of any preservative are
essential conditions for fermentation.

In Pakistan ethanol is prepared by the fermentation of molasses, starch grains or fruit
juices.
From Molasses

The residue obtained after the crystallization of sugar from concentrated sugar cane
juice is called molasses. It undergoes fermentation in the presence of enzymes present in yeast to
give ethanol.

C,H,0, #Bilgy —===e L C.H,.0 FECH O

Yeast
Molasses Gilucose . Fructose

CH,O, \S-&ms .  2CHOH +  260;

Yeast

Cilugose
From Starch
2(C,H,0), + nHO _Df;.i" nC,H,0,

Starch Maltose

i Mzl
CuHy0, + HO —3o—  2GHL0,

Glucose
Z
CH,0, —Z, CHOH % 2C0,
Alcohol obtained by fermentation is only upto 12% and never exceeds 14% because
hu.m'm ahis it enzymes become inactive, Thlh alcohol is distilled agatn and again to obtas

95% alcohol which is called rectified spirit. Absolute alcohol can also be obtained by
‘redistillation of rectified spirit in the presence of CaO which absorbs its moisture.
Denaturing of Alcool

Sometimes ethanol is*denatured by addition of 10% methanol to avoid its use for
drinking purposes. Such alcohol is called methylated spirit. A small quantity of pyridine or
acetone may also be added for this purpose.
Other Methods of Preparation of Alcohols o

Alcohols can be obtained by the hydration ni‘alkm and h}r t'I1¢ remmm uf Gngnnrd
reagents with aldehydes or I:atonﬂ Both these methuds‘ﬁawialmdy been duqlssa;l in the i

previous chapter. L

——
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11.2.3 Physical Properties

Loweralcohols are generally colourless toxic liquids with characteristic sweet smell and
buming taste. They are readily soluble in water but solubility decreases in higher alcohols. The
solubility of alcohols is due to hydrogen bonding which is prominent in lower alcohols but
diminishes in higher alcohols.

R R R R

bHd——FH...0—H ..—~
Hydrogen bonding in alcohol

Hydrogen bonding between water and alcohol

Melting and boiling points of alcohols are higher than corresponding alkanes. Methyl
alcohol and ethyl alcohol are liquids while methane and ethane are gases. This is also due to
hydrogen bonding which is present in alcohols but absent in alkanes.

11.2.4 Reactions of Alcohols
Alcoholsreact with other reagents in two ways
(i) Reactions in which C— QO bond breaks
(ii) Reactions in which O — H bond breaks

Which bond will break depends upon the nature of the attacking reagent. [fa nucleophile
attacks, it is the C — O bond which breaks. On the other hand, if an electrophile attacks on
alcobol, itis the O — H bond which breaks.

ﬁ" -
CH— CH,Op  Nucleophite CH,—=CH; + OH

[ & :
CH,— GH,— O—H —=& oy, CH,—O 4 H'

The order of reactivity of alcohols when C— O bond breaks:

Tertiary D Secondary Primary
alcohol alcohol alcohol

The order of reactivity of alcohols when O — H bond breaks:

Secondary Tertiary
ChOH >‘ alcohol > alcohol = alcohol
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11.2.5 Reactions in which C— O Bond is Broken
CHOH + SOCI, —Dyidine CHCl + SO, + HC

Ethanol Thianyl Ethyl chloride
chloride
CHOH + HElgR=uas CHCI + HO
Ethyl chioride
CHOH + HNH, —% , CHNH, + HO
: Ethyl amine

11.2.6 R eactions Involving the Cleavage of O— H bond ‘

18 % 20 HI % 2N  — Ny 2C,H,ONa + H,
Sodium ethoxide
AR v
2. CHOH+ CHMgI —s CH, + ng
OCH,

3. CHOH + CHCOOH/aif-. CHCOOCH.+ HO

11.2.7 Some Other Reactions of Alcohols
(I)  Oxidation

Oxidation of alcohols converts them into aldehydes and ketones. The beat reagent for
this purpose is acidified potassium dichromate.

CH,~CH,OH + [O] __%;.;i» CH,~CHO + H,0
G M{ﬁ%i
CH, : ; ' CH, .

Quyt
L

: ge. o -4
CH—OH + [0]  —pcta> C=0 + H }
CH,/ | CH,/

2-Propanl Propanone (acetone) 1% 0
Tertiary alcohols are resistant to ox:dutmn. In the presence of acidified

dichromate they undergo eliminationreactionstogivealkenes. =~
CH s g h gq‘iﬁmm. b TR
3
: , x5, e AN
_ ko0, WORd
CH.—*CH—-DH o :, j_ﬂ;:‘l_*”r
z-uuuympw o
. 1" "i'r[‘i = H&i .
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(i)  Dehydration
Alcohols react with conc. H,S0, and give different products at different temperatures.

C,H,OH &Hﬁ{{ﬁ”—p CH,=CH, + H,0

Ethanol
il 2C,H. Ol % 2C,H,0C,H, + H,0
I Diethyl ether

(iii) Reactions with Phosphurus Halides PCI,, PCI,

| | | » AQHOH + PCL, —— 3CH,Cl + HPO,
TN CHOH + PCl, — CHCI + POCI, + HC
j I 113 DISTINC’T ION BETWEEN PRIMARY, SECONDARY AND
| TERTIARY ALCUHO!..S =
! Lucas Test
Primary, secondary and tertiary alcohols are identified and distinguished by reacting
them with con. HCI in anhydrous ZnClI,. An oily layer of alkyl halides separates out in these

1. Tertiary alcohols form an oily layer immediately
2 Secondary alcohols form an oily layer in five to ten minutes.
3 Primary alcohols form an oily layer only on Heating

R—CH,—OH+ HCl "—Z=-5  R—CH—Cl + HO

Primary alcohol Primary alky| chloride
i oY R : R
£t N - ZnCl, :
: -0k /CHU‘H + HCI mﬁ- /C.H(J .+ HO
IR sl R R
’ I“_. ‘= wm ' Secondary alkyl chloride
e R R
R e, e i ] -
3 1. _R:_ !i: OH + HCl ———— R/C—CI + H,0
| 3 i 3

Tertiary alkyl chloride
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11.4 USESOFALCOHOLS '

Methanol is used as a solvent for fats oils, paints, varnishes. Itis also used as antifreeze in
the radiators of automobiles and for denaturing ofalcohol. Ethanol is used as a solvent, as a drink
and as a fuel in some countries. Moreover, it is used in pharmaceutical preparations Ind asa
preservative for biological specimens.

11.5 PHENOL

Aromatic compounds which contain one or more OH groups directly attached with |
carbon of benzene ring are called Phenols. The simplest example is phenol which is also known |
as Carbolicacidi.e. C,H,OH. It was first obtained from coaltar by Runge in 1834, \

11.5.1 Preparation of Phenol
1) From Chlorobenzene (Dow's Method)

In this method chlorobenzene is treated with 10% NaOH at 360°C and 150 atmospheres
pressure. Sodium phenoxide is produced which on treating with HCI gives phenol.

Cl
NaOH, 360°C
150atm :
2) From Sodium Salt of Benzene SulphﬂnicAclﬁ » :

Sodium salt of benzene sulphonic acid reacts with' NnEIH at 320°C to give sodium
phenoxide which on treatment with HC1 gives phenol.

”"
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| 11.5.2 Physical Properties '

Phenol is a colourless, crystalline, deliquescent solid with characteristic phenolic odour
haVing melting point 41°C and boiling point 182°C. It is sparingly soluble in water forming pink
solution at room temperature but completely soluble above 68.5°C. It is poisonous and used as a
disinfectant in hospitals and washrooms. =

11.5.3 Reactions of Phenol 07
' |
Phenol shows two type of reactions.
It Reactions due to— OH group

2. leions- due to benzene ring

Phenols are less reactive to nucleophiles so nucleophilic attack is less favoured, i.c - OH
is not easy to replace while electrophilic attack on the ring is easy.
11.5.4 Acidic Behaviour of Phenol
Phenol is much more acidic than alcohols but less acidic than carboxylic acids. It
s, dissolves readily in alkalies but it is too weak to affect the litmus paper or to evolve CO, from
carbonates. Its dissociation constant (K,)is 1.3x10™.

Phenol is partially soluble in water and its solution has a pH of around 5 or 6. This makes
phenol different from aliphatic alcohols. The reason why phenol is acidic lies in the nature of the
phenoxide ion. The negative charge on oxygen atom can become involved with the n-electron

l cloud on the benzene ring. The negative charge is thus delocalized in the ring and the phenoxide
] ion becomes
|
|

relatively stable. This type of delocalization is not possible with alcohols.
— —

T _. SRS ¥ -

4 _.: -

Relative acidic strength of alcohol, phenol, water and carboxylic acid is as follows,
water > alcohol
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Ester Formation

Phenol reacts
with acetyl chloride in
the presence of a base
to form ester,

Reduction with Zn . |
e @ _.
Phenol 1
11.5.6 Reactions of Phenol Due to Benzene Ring
Nitration
Phenol reacts with dil. and conc. HNO, at different temperatures as follows:
OH OH OH
: NO, -
2 + 2HO-NO, —ZC, + 4+ 2H,0
Nﬂ, : 1
OH p-Nitrophenol g
_ NO,
+ 3HNO,  —& 4+ 3HO
4-“.I & - o -
- :‘_'h ‘é_"‘ja a) -__..‘:- =} .-.'_'..;
24.6-Trinitropbenol (Picricacid) .
Sulphonation
Phenol reacts with conc. H,SO, at room temperature giving urthﬂ and para hydroxy
benzene sulphonic acids.
H
2 + 2H,S0, —2— 3
‘éi‘g?_.ir& 3 .-;-*;-:.;ri"':lk.".: __. = . i~ = ;.l".'_l
B
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Hihgt'na'_li_un
An aqueous solution of phenol reacts with bromine water to give white ppt. of 2,4,6-

H]rifquenlﬂnn
When hydrogen is passed through phenol at 150°C in the presence of Ni catalyst, it gives
cyclohexanol. - OH
Ni ;
150°C
Oyclohexanol

Reaction with formaldehyde
Phenol reacts with formaldehyde (methanal) in the presence ol avid or alkali to give
hydroxy benzyl alcohol which on further reaction with other phenol molecules yiclds a polymer
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11.6 ETHERS
Ethers are classified into two categories
i. Simple or symmetrical ethers, which contain two same alkyl groups, e.g., dimethyl ether
CH,0CH, and diethyl ether CH,— CH,—O—CH,—CH,.
ii. Mixed or unsymmetrical ethers, which contain different alkyl or phenyl groups, e.g.,
cthyl methyl ether CH,— O —CH,—CH,.

11.6.1 Nomenclature

Ethers are named either by IUPAC. system or by common names. In IUPAC. system the
large alkyl (R ) group is taken as parent molecule and given the last name (suffix) while the
smaller alkyl group along with oxygen is used as prefix and given the name alkoxy (e.g.methoxy,
ethoxy, propoxy, etc).

TUP AC names are not common as they are difficult. Usually ethers are known by their
COMMOoN names, as given below;

Formula Common Names IUPAC System
CH,OCH, Dimethyl cther Methoxy methane
CH,0C,H, Ethylmethyl ether Methoxy ethane
C,H,OC,H, Dicthyl ether Ethoxy ethane
C,H,0CH,—CH,—CH, | Ethyln-propylether Ethoxy Propane
CH,0C H, Methyl phenyl ether Methoxy benzene

11.6.2 Preparation of Ethers

Ethers are prepared {rom alcohols either directly or indirectly. Usually they are obtained
by the following methods.
(i) By Williamsons synthesis

Alcohols are reacted with metallic sodium to form alkoxides. This alkoxide ion is a
strong nucleophile and readily reacts with alkyl halide to produce an ether.

2C,HOOH + 2Na _—— 2CH,0Na" + H,
CHONa + CHBr —m CHOCH, + NaBr
{ii) Alkyl halides are heated with dry silver oxide to form ethers -
2CHBr + 2Ag0 _ 2CHOCH, + 2AgBr
11.6.3 Physical Properties

Usually ethers are volatile liquids, highly inflammable with low bmimg pmms They are
slightly soluble in water but freely soluble in organic solvents. Ether molecules do not show
- hydrogen bonding with one another but they show weak hydrogen bonding with water molecules
due to which they are slightly soluble in water.

11.64 Chemical Reactivity A #
Ethers are comparatively inert substances. The reagents like ammonia, allmlms, dilute
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acids and metallic sodium, have no action on ethers in cold state. Moreover, they are not oxidized
orreduced easily. However ethers show some reactions, e.g.
1 With hydrogen iodide, ethers give alcohols which can react further to give alkyl iodides.

CH,OCH, + HI —— C,H,—?‘—C,}L P E
H

Oxonium ion
C,H,— f:i)'—c,H, T —— CHOH + CH,l
H
2. Ethers also react with hot phosphorus pentachloride to give alkyl chloride.
@B ~—0—CH. 4+ P, — 2CHCQ ¢ POCI,
KEY POINTS
E Alcohols and Phenols are hydroxy derivatives of aliphatic and aromatic hydrocarbons.
# i General formula for alcohol is ROH, for Phenol is Ph OH, and for ether itis ROR.
3. Alcohols are usually named by replacing 'e' for the alkane with 'ol',
4. In Pakistan ethanol 15 prepared commercially from molasses.
9 Fermentation is a biochemical phenomenon which may occur naturally or artificially.
6. Ethyl alcohol obtained by fermentation is less than 12% concentrated.
7 Ethyl alcohol gives different products when reacts with H,SO, of different
concentrations.
Ethyl alcohol is used asasolvent, asa hevmge.and asa fuel.
Primary, secondary and tertiary alcohols can be distinguished by Lucas test. -
10. Picric acid is a phenol which behaves like an acid.

_ EXERCISE
Q.1. Fillin the Blanks.
i Primary, secondary and tertiary alcohols can be identified by test.
ii.  Oxidationof alcohols give ketones.
Alcohols on heating with give alkenes at high temperature.
Alcohols have boiling points than ethers due to stronger hydrogen bonding.
Williamsons synthesis is used to prepare ;

i5 also called wood spirit.

Carbolic acid is the other name of \
Primary, secondary and tertiary alcohols can be preparcd by reacting Grignard reagent
with,_. 2 and " respectively. ;




iX.
X.

xi.

Xii.

Q.2.

i.

ii.
iii.
iv.
v,
vi.
vii.
viii.

X,

vi)

Alcohols and react to produce esters.
is used as anti-freezing agent in automobile radiator.

The process of conversion of starch into alcohol with the help of microorganisms i
called :

Ketones on reduction give alcohols.

Indicate True or False.

Methylated spirit contains 95% methyl alcohol and 5% ethyl alcohol.

Ethyl alcohol is a very good anti-freezing agent.

Methanol is also called wood spirit.

Only 14% ethyl alcohol can be prepared by fermentation.

Ethers do not show hydrogen bonding. '

Alcohols are more acidic than phenols.

Phenol 1s more soluble in water than lower alcohols.

Alcohols are more basic than ethers.

Ethers have higher boiling points than alcohols and phenols.

Methanol and ethanol can be distinguished by iodoform test.

Multiple Choice Questions. Encircle the correct ariswer.

Which compound shows hydrogen bonding? ;
a) C,H, b) CH/.CI c) CH,-O-CH, d) C,H,OH

Which compound shows maximum hydrogen bonding with water?

a) CHOH b) CH0OH ¢) CHO-CH, d) CHOH
Which compound is more soluble in water?

a) CHOH b) CHOH ¢) CHCOCH, d)  n-Hexanol
Which compound will have the maximum repulsion with H,0?

a) CH, b)) CHOH c) CH,CH,CH,0Hd) CH,—O—CH,
Ethanol can be converted into ethanoic acid by:

a) Hydrogenation b) Hydration

c) Oxidation d) Fermentation

Which enzyme is not involved in fermentation of st_a.rch'?

a) Diastase b) Zymase'

c) Urease d) Invertase

Which compound is called a universal solvent?

a) HO b) CH,OH

¢ CHOH - d  CH—O—CH,
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viii)

ix)

X)

Q4.
Q.5.

Q.6.

Q.7.

Q.

Q.9.

Q.10.

Q.11.

Q.12

Methyl alcohol is not used:

a)asasolvent b) as an anti-freezing agent

c) as a substitute for petrol d) for denaturing of ethyl alcohol
Rectified spirit contains methyl alcohol about:

a) 80% b) 85% c) 90% d) 95%
According to Lewis concept ethers behave as:

a) acid b) base

c) acidaswellasabase  d) none of them

What are alcohols? How are they classified? How will you distinguish between primary,
secondary and tertiary alcohols?

How is methyl alcohol obtained on large scale? How it may be distinguished from ethyl
alcohol?

What is fermentation? Which compound may be obtained on industrial scale by
fermentation?

Explain the following terms.

Absolute alcohol, Methylated spirit, Rectified spirit, Denaturing of alcohols.

How does ethyl alcohol react with the following reagents?

i) ConcHSO, ii)  Na iii) PCI,

ivy CHCOOH v) SOC|,

How will you obtain primary, secondary and tertiary alcohols by reacting Grignard
reagent with suitable carbonyl compounds.

How will you distinguish between:

i) an alcohol and aphenol ii) an alcohol and an ether

1ii) methanol and ethanol  iv) atertiary alcohol and a primary alcohol

v) 1-propanol and 2-propanol

Give reasons for the followings:

i) Ethyl alcohol is a liquid while methyl chloride is a gas.

ii) Ethanol has higher boiling point than diethyl ether.

iii)  Absolutealcohol cannotbe prepared by fermentation process.

iv) Ethanol gives different products with conc. H,SO, under different conditions.
v) Water has higher boiling point than ethanol.

How will you convert?

i) Methanol into ethanol i) Ethanol into methanol
iii)  Ethanolintoisopropylalcohol iv)  Formaldehyde into ethylalcohol
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v)
Q.13.

Q.14.
Q.15.

Q.16.

Q.17.
Q.18.

Q.19.

().

Acetone into ethyl alcohol

Explain the following terms using ethyl alcohol as an example.

i) Oxidation ii) Dehydration

iii) Esterification iv) Ether formation

Compare the reactions of phenol with those of ethanol. Discuss the difference if any.

Arrange the following compounds in order of their increasing acid strength and give
reasons.

H,0, C,H,OH, CH,OH, C.H,COOH

Write down two methods for preparing phenol. What is the action of following on
phenol?

HNO,, NaOH, Zn, Bromine water
Give the uses of phenols. How bakelite is prepared from it?
(a) Write [UPAC names ofthe following compounds.

(CH,),CH-OH, (CH,), CHCH, OH,
(CH,),COH, C,H,-CH-OH,
CH,

(b) Write structure formulas for the following compounds.

Glycol, Glycerol, Carbolic acid, Acetophenone, Picric acid

(a) Name the followin g compounds:

CH,—CH,—CH,—0—CH,, CH,—O0—CH,
(CH,),CH—0—CH(CH,),, CH,—0—CH,
CH,—CH,—CH,—0—CH,—CH,

Write down structural formulae of the following compounds.

Methoxy ethane, ethoxy benzene, sodium ethoxide, sodium phenoxide,
propoxy propane.
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Mmﬁhmhmbutm structure and reactivity of carbonyl group.
- The reactions of aldehydes and ketones and their mechanism.
. Howtoidentify aldehydes andketones.
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12.1 INTRODUCTION
Organic compounds containing the carbonyl functional group, :,'C = ,arecalled
carbonyl compounds. In a carbonyl group, a carbon atom is bonded to oxygen with a double
bond.
In aldehydes, the carbonyl group is bonded to at least one hydrogen atom, and so it
occurs atthe end of a chain. An aldehyde can be represented by the general formula:
)y
R-C-H
{ Where R may be H or an alkyl group.
' In ketones, the carbonyl group is bonded to two carbon atoms, and so it occurs within a
chain. Aketone may be represented by the general formula:
0
|
R—C=
T The bomologous series of both aldehydes and ketones have the general formula, C,H,,0.
1.'_; ~ Aldehydes and ketones are present in many naturally occurring compounds. The
' aldehyde group is present in most sugars. They are the principal constituents of a number of
- essential oils used as fragrances and flavours. Ketonic group is present in camphor and

. e e
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12.2 NOMENCLATURE
a. Aldehydes
Common Names:

The common names of aldehydes are obtained from the common names of carboxylic
acids containing the same number of carbon atoms. The ending -ic acid in the common name of

the acid is replaced by the word aldehyde.

'[u] ? (0]
i
H—C—=H CH,—C—H e —CcH—c—H
Formaldchyde ."l.'l:cL:I.ldL:h:,'d;‘ Fmpimuldehrdu
!
CH;— CH,— CH,—G—H
Butyraldehyde

The positions of other groups on the chain are indicated by Greek letters (o B, ¥, 8).
Lettering starts on the carbon adjacent to the carbonyl group.

i Y B a’ [I)
C—C—C—<CssC—H

IUPAC Names:

The IUPAC names of aldehydes are derived from the names of alkanes having the same
number of carbon atoms. The ending letter - e in the name of the alkane is replaced with al the
positions of other groups on the chain are indicated by using numbers. Numbering starts from the

carbonyl carbon. Aromatic aldehydes are not given IUPAC names.

? ? o AR
H—C—H CH,—C—H CH,— CH—C™—H
Methanal Ethanal Propanal
. 0 (0]
4 3 2 il |
CH,——(CH,—CH—-e—1 CH—C—H
Cl Mg
2-Chlorobutanal ! ' = Lo et i
1 : | 1 ' J 4 R 1] ‘.':l;!'-‘.-s‘..:‘l'&
v t - ‘ﬁfm‘ﬂw
- o it el gl ¥
= S - 215 s
0 F ol
o TR Ly 7 Iw%
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! E b. Ketones
Common Names
The common names of ketones are obtained by separately writing the names of the alkyl
groups attached to the carbonyl carbon. The word ketone is then added as a separate word. The
i names of the alkyl groups are written alphabetically. When the two alkyl groups are the same, the
prefix di - is added before the name of the alkyl group.

0 7
CH,—C— CH, eH=—C—CH,—CH,
Dimethyl ketone (Acetone) Ethyl methyl ketone

ii

The positions of other groups are indicated by Greek letters, the a - carbon atom being
the one adjacent to the carbonyl group.

If the two alkyl groups in a ketone are the same, the ketone is said to be symmetrical, if
unlike, unsymmetrical.
IUPAC Names

The IUPAC names of ketones are derived from the names of alkanes having the same
number of carbon atoms. The ending letter - € in the name of alkane is replaced with the suffix -
one. The positions of the carbonyl group and of other groups on the chain are indicated by
numbers. Numbering is started from that-end which is nearest to the carbonyl group. Aromatic

ketones are not given [UPAC names.
, 0 0 0
| A | |
CH,—C—CH, CH—€><CH—CH, CH—C—CH,
2-Propanone (Propananc) 2-Butanone (Bulanone) Acctophenone

12.3 PREPARATION OFALDEHYDESAND KETONES

Aldehydes are obtained by the oxidation of primary alcohols whereas ketones by the
oxidation of secondary alcohols. Ketones are also prepared by hydration of alkynes.

a. Preparation of Formaldehyde (Formalin)
(D Laboratory Method

Formaldehyde is prepared in the laboratory by passing a mixture of methyl alcohol
vapours and air over platinised asbestos or copper or silver catalystat 300 °C.

B 4 <o
b

(8]
- I
. CHOH 10, —=2=%, (oH—C-—H + 2H,0
.4 Set up the apparatus as shown in Fig. (12.1). Air is drawn through methyl alcohol with

ﬁﬂ help of a suction pump. Methyl alcohol is oxidised to gaseous formaldehyde which is
absorbed in water. The resulting mixture is called formalin. Formalin is a mixture of 40 %

'Ws&amﬂ:ylm1m 52 % water.
# - s
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Fig. 12.1 Preparation of Formaldehyde (formalin)
(i)  Industrial Method :
Formaldehyde is manufactured by passing a mixture of methanol vapours and air over
iron oxide-molybdenum oxide or silver catalystat 500 °C.

FeQ), Mo,0,
—_—

|
IH—C—H + 2H,0
500°C

2CH,0H + 0O,

b. Preparation of Acetaldehyde
(i) Laboratory Method

Acetaldehyde is prepared in the laboratory by the oxidation of ethyl alcohol with
acidified sodium dichromate solution.

CH,CH,OH +[0] Mx€0:+ B30, CH,CHO +H,0

A mixture of ethyl alcohol and
sodium dichromate solution is run into
boiling dilute sulphuric acid. Immediately a
vigorous reaction takes place and the
acetaldehyde formed in liquid state is
immediately distilled off. This prevents the
oxidation of acetaldyde to acetic acid. Ethyl
alcohol remains in solution until it is :
oxidised. Pure acetaldehyde is obtained by Fig. 12.2 Preparation of Acetaldehyde
redistillation.

Acetaldehyde can also be prepared by the dry distillation of a mixture of calcium salts of
formic acid and acetic acid.

0 0

H—C~=0 -0 g or gl
Gk ol Sca —HS . 90H—C—H + 2CaCo,

H—f.ll—{}"” ::H,——ri*—ﬂ/ iRl Lo

a] 0O i ! Al - il
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(ii)  Industrial Method
Acetaldehyde is prepared industrially by air oxidation of ethylene using palladium
chloride catalyst with a cupric chloride promoter.

0

"), Ul |
2CH,=CH, + 0O, ——2i""» 2CH,—C—H
Ethylene b Accialdehyde

C. Preparation of Acetone
Acetone is prepared by dry distillation of calcium acetate.

CH,Co0 e Heat :
. tial=—— CH—CO— CH, + CaCO,
CH,CO0 ] " Acclonc .
124 REACTIVITYOFCARBONYLGROUP ‘
The carbonyl group has a o-bond and a n-bond. Thus it can undergo addition reactions.
Most reagents react with the carbonyl group by adding to it. As oxygen is more electronegative, it
tends to attract the & electrons to itself. This attraction makes the carbonyl group a polar group.
The oxygen atom has a partial negative charge on it and is nucleophilic, whereas the carbon atom
has a partial positive charge and is electrophilic,
e
-
Nucleophilic Addition Reactions of Aldehydes and Ketones
As a result of the unsymmetrical electronic distribution about the carbony! group, the
nucleophilic reagent can start the initial attack on the carbon. It appears that whether the initial
attack is to be by a nucleophilic reagent or by an electrophilic reagent depends upon a particular
reaction and upon the conditions under which that reaction is carried out. Therefore, most of the
reactions of the carbonyl group will be considered to be nucleophilic addition reactions.

\ﬁﬁ_\ |

BC=00 H—Nu —— NGBz 0H

Subirate Reapem |
Addifron prodoct

[
=0

In these reactions of aldehydes and ketones, the negative part of the reuzent combines
with the electrophilic carbon of the carbonyl group, whereas the positive part, which is usually
hydrogen goes to the oxygen. The nucleophilic addition reactions of carbonyl group are
catalysed by bases or acids. Remember that whether the addition is base-catalysed or acid-
catalysed, the adduct is the same. A base catalyst increases the nucleophilic character of the
reagent, while an acid-catalyst promotes the nucleophilic attack by increasing the positive
character (electrophilic character) of the carbony] carbon atom.

; .
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125 REACTIONS OF CARBONYLCOMPOUNDS .
12.5.1 Nucleophilic Addition Reactions

The characteristic reactions of carbonyl compounds are nucleophilic addition reactions.
(a) Base-Catalysed Addition Reactions

A base-catalysed nucleophilic addition reaction will take place with a strong
nucleophilic reagent. The base reacts with the reagent and generates the nucleophile. The
addition is initiated by the attack of a nucleophile on the electrophilic carbon of the carbonyl
group. The general mechanism of the reaction is as follows:
Generalmechanism

The base-catalysed nucleophilie addition reactions of aldehydes and ketones are the
following:

7o N
H—07 + H—Ju =——— "NasEHon

1. Addition of Hydrogen Cyanide

Hydrogen cyanide adds to aldehydes and ketones to form cyanohydrins. The reaction is
carried out by adding slowly a mineral acid to an aqueous solution of sodium cyanide. The acid
generates HCN from sodium cyanide in sifu.

\\C —Oict T NaCN/HCI \C/
» IR AR UR
Formaldehyde Formaldehyde cyanchydrin
CHy, — CHy, OM
[ms—— 0 R HCMN e C
ok H” SN
Acctaldehyde Acctaldehyde cyanohydrin
CH CH, OH
N =0+ HCN NaCN/HCI a \C
o 1 CN
* Acclone v ammcrmhﬁﬁ .
The cyano group, — C = thydmlywdbymaqumsncﬂmhaurbmwhcmd-.
through an acid amide. : i
£ ¥ 2!
P 2 =
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H ~ OH

CH,—CH—CN + 2H,0+H,S0, — CH,—CH— COOH + NH,HSO,

Acetaldehyde cyanohydim 2-Hydroxypropanoic acid (Lactic acid)
The reaction is used in the synthesis of a-hydroxy acids that contain one carbon atom

more than the number of carbon atoms in the starting aldehydes or ketones.
Mechanism: ;

Hydrogen c.:yranid: itself is not very nucleophilic and does not ionize to form cyanide
ions to a significant extent. Thus, a source of cyanide ion such as NaCN or KCN is used. The
mechanism of the reaction is as follows:

: o8
RO |
N""Cﬁc_@' — > N=C—C—{
R
R
Cyeunide ion Aldchyde or Ketone Conjugate base of Cyanohydrin
R R

NEC—C—(:C:I: + HiﬂcEN: —s N=C( —{;—Uii +:C=N:
Hydrogen cyanide Cyanide ion

R R
Conjugate base of cyanohydrin Cyanohydrin

The hydroxide ion liberated in the formation of cyanohydrin reacts with undissociated
hydrogen cyanide and produces more c}ramde ions, which in turn react with more carbonyl
compound.

2. Addition of Grignard Reagents

Grignard reagents add to aldehydes and ketones to form adducts which on hydrolysis
with a dilute mineral acid (HCI, H,5S0,) give alcohols. The reaction has aln:ad:,r been studied in
chapter 10. -
3¢ Addition of Sodium Bisulphite

Aldehydes and small methyl ketones react with a saturated aqueous solution of sodium
bisulphite to form a crystalline white precipitate of sodium bisulphite adduct.

Hy OH
fC=D + NaHSO, —————> \ /
H H*"' N§0O,Na
5 ' Bisulphite addition product
CH, ; CH, ,OH
4 >c—ﬂ + NaHSO, ———> D¢
Wk bt oo, H” NSO,Na
o e Mmldﬁrdr : Bisulphite addition product

- .

— ==
-
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CHy\ S0
/ff =0 + NaHSO, —» C
CH: {:H,"f \S{},,Nﬂ
Acetone Bisulphite addition product 4 s

Bisulphite on heating with a dilute mineral acid (HCI or H,SO,), regenerates the parent
aldehyde or ketone. :

CH, /OH {I?
L v HCl —2— CH,—C— H + NaCl + H,0 + SO,
H” “SO,Na Foseny s
Bisulphite addition product i

The reaction is used for the separation and purification of carbonyl compounds from
non-carbonyl compounds such as alcohols.

Mechanism:
Sodium bisulphite ionises to form sulphite ions.

NaHSO, '‘==—=—. §0,— O'Nd+ H'

The sulphite ion acts as a nucleophile, since the sulphur atom is more nucleophilic than
oxygen,a C—S bond is formed.

s ;‘?NT\ \c 7 o

oy & 8 e s
C=0 + 80,—ONa® =——— P .
S0,0"Na

-

Proton is attached to the negatively charged oxygen atom to form bisulphite addition
product.

OH
G . < YA
C . HE e A
7 50,0'Na' S0,0"Na"
Bisulphite addition product
4. Condensation Reactions

The reactions in which two molecules of the same or different compounds combine to
form a new compound with or without the elimination of a small molecule like H,0 or NH,, are
called condensation reactions.

(i) Aldol Condensation ' | .

Aldehydes and ketones possessing a-hydrogen atops react With a cold dilute solution of
an alkali to form addition products known as aldols. The name ‘aldol' is given to the pmiiul:t
because it contains both aldehyde and alcohol functional groups. Note that the name aldol
condensation is reserved for the reaction that starts with two identical carbonyl compounds. Two

I
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ﬁ molecules of the sumuuarbunyl unmpnund mndunse to form an aldol.
H II ‘tljH ﬁ
dil. NaOH
CH—C+H—CH,—C—H =—— CH—C—CH,—C—H
i':ll'n.'l]:lll ‘ Ethanal J-Hydroxybutanal (aldol)
I i By
dil. NaOH
CH,— CH,—{|3+ H— CH—C— H=——— CH,—CH,—CH— CH—C—H
H an; CH,
I 5 * 3-Hydroxy- 2methyl Pentanal (aldol)
(]‘]I : (i:lj O1l (I |1
1
CH,—Cl+)H— CH—C—CH, ——2 CH,—C— CH,— -C—CH;
CH, CH,
Propanone Propanone 4-Hydroxy-4-methyl-2-pentanone

The aldol compound readily loses water on heating in the presence of dilute acid to form
an unsaturated carbonyl compound. A carbon-carbon double bond is formed between the . - and

p - carbon atoms.
| i I i
* dil.
I CH,— CH— CH,—C —H % CH,—CH=—CH—C—H+ H0
' 3.Hydroxybutanal . Crotonaldehyde

Mechanism of Aldol Condensation
The hydroxide ion acts as a base. It removes a proton from a-carbon of one molecule of

the carbonyl compound to form a carbanion.
- .I' 5 .[I? (I?
=23 W - i, £
e | H—0F HC th—Cc—n % GH/—C—H + H0
— i Hydroxide jon Ethanal Carbanion

: The carbanion acts as a nucleophile. It attacks the electrophilic carbonyl carbon atom of
ﬂr.mhmged mﬂ moleculeto form an alkoxide ion.

j | gl
@H,-—C— H —— CH—CH— CH—C—H
Eﬁﬂﬂl Clﬂ:uim y An alkoxide ion
i ionm;mﬁnmmmfmmﬂdﬂ

1 FoR T .

T ";l"’]
¢ Lt".r'!-llr
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v I i< I
EHy— CH— CH,— C—H"F H—'-U'H —— CH—CH— CH{—C—H +0H
Alkoxide on J-Hydroxybutanal {adol)

The basic catalyst hydroxide ion is regenerated.
S Cannizzaro's Reaction

Aldehydes that have no a -hydrogen atoms undergo Cannizzaro's reaction. It is a
disproportionation (self oxidation-reduction) reaction. Two molecules of the aldehyde are
involved, one molecule being converted into the corresponding alcohol (the reduced product)
and the other into the acid in the salt form (the oxidation product). The reaction is carried out with
50 percent aqueous solution of sodium hydroxide at room temperature.

O _ (0]
| Il o
2ZH—C—H 4+ NaOH —— CHOH + H —C-— O'Na
CHO CH,0H COONa
2 + NaOH —— 4 :
Benzaldchyde Benzyl alcohol Sodium Benzoite

Mechanism

The hydmmde ion acts as a nucleophile. It attacks on the electrophilic carbonyl carbon to
form a complex anion.

s DO bty
H
o NE S . >/
C=0 + OH
A ; H/C N oH
Formaldehyde

The anion transfers a hydride ion to second molecule of formaldehyde.

A e \ ;'-\ _ B

=0 — »-CH—0O + H—C—0OH
Formaldchyds ,:mpm i 3 Methoxide jon Formicacid

The preseuce of the negative charge on oxygen of the anion helps in the loss ofh}qh-i‘dn-
ion.
The methoxide ion acts unhunndmm:mﬁmmmmm

methanol and formate ion. ] i sed; Ent=1

— , - - e
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0 0

RN A | I et
CH,— O + HT’U—C—H — CHoOR + H—C—O ———>&
Methoxide ion Formic acid Methanol

{i}
| !
H—C— O'Na +OH
The formate ion in the presence of alkali gives a salt of the acid.
6. Haloform Reaction
Only acetaldehyde and methyl ketones react with halogens in the presence of sodium
hydroxide to give haloform and sodium salt of the acid. The term haloform is used for the
reaction because a haloform (chloroform, bromoform or iodoform) is one of the products.

I
R—C—CH,+ 3X, + 4NaOH —— CHX, + RCOONa + 3NaX + 3H,0
Re=alkyl, Halogen Haloform Sod carboxylate
aryl or hydrogen '
P
CH,—C—H + 3I, + 4NaOH — > CHI, + HCOONa + 3Nal + 3H,0
Acetaldehyde Todine lodofonm Sod.formme
yelbow ppt)

CH,—C—CH, + 31, + 4NaOH ——> CHI, + CH,COONa + 3Nal + 3H,0
Acclone lIodine Iodoform Sod acetate

Secondary alcohols containing the hydroxyl group on the second carbon atom also
undergo this reaction. Ethanol is the only primary alcohol that gives this reaction.

?H
R—CH—CH, + 4, + 6NaOH —2— CHI, + RCOONa + 5Nal + 5SH,0
Secondary alcohol n lodoform Sodd.carboxylate

CH,CH,OH + 4I, + 6NaOH —2— CHI, + RCOONa + S5Nal + 5H,0
Ethanol +  lodoform Sod. formate

From a synthetic point of view the haloform reaction affords a convenient method for
converting a methyl ketone to a carboxylic acid containing one carbon atom less than the parent
Todoform Test

_ngr Ehn»l:ﬂpﬁommhunmgmdmmd aqueous sodium hydroxide is called the
Jiodoform test, It results in the formation ofwatm- insoluble iodoform which is a yellow solid.

™=
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lodoform test is used for distinguishing methyl ketonés from other ketones. It is also used to
distinguish ethanol from methanol and other primary alcohols. It can be used to distinguish
acetaldehyde from other aldehydes.
(b) Acid-Catalysed Addition Reactions

The acid catalysed nucleophilic addition reaction will take place with a weak
nucleophilic reagent. The addition is initiated by the proton (H') liberated by the acid. The proton
combines with the carbonyl oxygen atom and increases the electrophilic character of the
carbonyl carbon. As a result, the attack of the weaker nucleophile on the electrophilic carbon
becomes easier,

The general mechanism of the reaction is as follows:

\h 5/_—\ -

______, =0 H' — KC=U+_H

.7 |
Nu f{_“.:/.?:r —H ———— Nu—C=—OH
The acid- catalysed nucleophilic addition reactions of aldehydes and ketones are the
following. :
1. Both formaldehyde and acetaldehyde polymerize in the presence of dil. H,SO, to give
metaformaldehyde and paraldehyde respectively.

O 0
..r"/ \
Ci. wcH CH,— CH CH —CH,
3HCHO =2 | I 3CH,— CHO 2% l |
9] O /D
\CH,/ \CIH
Metalormaldehyde CH}
: = Paraldehyde
2. Reactions of Ammonia Derivatives

Aldehydes and k-:tones react with ammonia derivatives, G —NH, to form compounds
containing the group, C —N— G and water. The reaction is known as condensation
reaction or addition - elumnanon reaction because water is lost after addition occurs. The
reaction is acid catalysed. The general reaction is:

H
—C— + HN—QG \_ﬁ —E—N—G#—C_HMG + H,0
Aldehyde Ammonia Amino alcohal Condensation It
or ketone derivative {unstable) Product
— _ - — ]

£ ]
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ulhr ‘WhereG= éH —ﬁH,,—NHc.H,,—NHmNH,,
' j"""‘Sﬁ:ﬁ ‘commonly used ammonia derivatives are hydroxylamine, NH,OH, hydrazine,
NH,NH,, phenylhydrazine, C,H,NHNH,, semicarbazide, NH,NHCONH,, and 2,4-

. dmwmyd:mmmm.mmp
4 ‘Thereactions ofﬂwahnvestatednmmumn derivatives with aldehydes and Ketonesareas
~ ﬂsllw.e JRENEE
{i] Reicﬂdrn with Hydroxylamine

- Aldehydﬁ and ketones react with hydroxy lamine to form oximes in the presence of an

'I . CHJ\ CH}\\

/C =0 + HNOH —I— L= N-—OH + H,0

-
H
E}.’g_ll‘lui Ethanaloxim
CHix ¢, RICH,
: —0 + HHNOH —*>5 . 'C=N—OH + H,0
it ik SCH; i N .cH,”
- 3 2 w Propanoncoxime
i (i) Rmtinn with Phen}'lhjrd razine '
Al ~ Aldehydes and ketones react with phenylhydrazine to form phenylhydrazones in the
:; presence of an acid.
:'; ; CH-‘\ CH:
g ’_, —0 + HNNHCH, . ——> >C—N— NHC,H, + H,0
r ﬁ i HM : 1 i Ethanal phenylhydrazone
¥ CHy
c=0 + HNNHCH, —%— JC=—N— NHCH, + H,0
I CH, CH.S
- Propanone - { Propanone phenylhydmzone
Mj*’  Reaction with Hydrazine

,ﬂﬂ#ﬁmmmmmmﬁamhy&mmmmepm of an
!ﬂmﬂ s T 'll':" SRR R
Ly ﬂ‘m‘n S ;:" - CH, 1
: PR G N = NH, ¢+ 'H,0
i -Y*"-H:H Acetaldehyde hydrazone
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(iv)  Reaction with2,4-Dinitrophenylhydrazine[2,4-DNPH ]

Aldehydes and ketones react with 2, 4-dinitrophenyhydrazine to form 2, 4-
dinitrophenylhydrazones in the presence of an acid.

CH ,\.\ " CH:\ ’
C=—0 + H,NNH—Q — =N-—NH
-HO
H < NO, NO, H/C 0, NO,
Acetaldehyde 24-DNPH Acetaldehyde 2.4-DNPH
CH N CH N
_C=0_+ HNNH —_,‘,:0—- /,C—N—NH
CH, No, NO, CH, No, NO,
Acetlone 2.4-DNPH Aceione 2.4-DNFH

The reaction can be used for the identification of aldehydes and ketones because 2, 4-
dinitrophenylhydrazones are usually yellow or orange crystalline solids. )

Mechanism of the Reactions of Ammonia Derivatives

Step (i) Protonation of oxygen ofthe carbonyl group.

S — ;éﬁou

Step (ii) Nucleophilic attack of nitrogen of ammonia derivative on the electrophilic positively
charged carbon and deprotonation of the adduct.

= ]il \l—'ﬂH , \l—'ﬂH
He T
fc‘»_\__f_,t’ l‘ltI—G - H_.T._H e : = T_H
' G " Ka

Step (iii) Protonation of oxygen of hydroxyl group followed by the removal of watcr

/*—\. /C—QH;
B

=

e 'Imh:i‘ﬂ -

9 Antustiv.. « Alcohols

Aldehydes combine with alcohols in the p hydrogen ¢
acetals. 'I'hchydmgmchlmdugasutsasanutahrﬂ.ﬂnth llmhﬂllndm
gas mustbe dry. i
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H,C CH; 7
>c=n + 2CHOH —X=—= > + H,0
H H \UC,H,

1,1-Diethoxyethane (an acetal)

The reaction may be used to protect the aldehyde group against alkaline oxidizing
agents. Toregenerate aldehyde, the acetal is hydrolysed in the presence of an acid.

OC,H
H,C\ / ke | H‘ HJC\
C\ SOy %) =0 + 2CH.OH
H” NOCH, H
Ketones do not react under these conditions.
12.5.2 Reduction Reactions

Aldehydes and ketones can both be reduced. Aldehydes are reduced to primary alcohols
whereas ketones to secondary alcohols. The carbonyl group is converted into an alcohol.

()  Reduction with Sodium Borohydride
Aldehydes and ketones are reduced to alcohols with sodium borohydride, NaBH, .

i i
H—C=0  ——2t H— CH—OH
Methanal B9 Methanol
i
CH,—C=0 =——-—  cH—'CH—OH
Ethanal Hhid Ethanol
ch, cH,
CH—C=0 =——=*> CH—CH—OH
Propanone HO 2-Propanol

Sodium borohydride reduces the carbon-oxygen double bond but not the carbon-carbon
multiple bond. g
Mechanism:
_ Thetetrahydridoborate (I11) ion, BH, is source of hydride ion, H". The hydride ion acts as
lqlwlmne . Itattacks on the electrophilic carbon of the carbonyl group to give an alkoxide ion.
o Thnalkundnmnmpmtonuedmﬂlmmglwmalmhul




| ugH ——> H—C—OH + OH

| :
STy

i Alkoxide ion An aleohol
(ii) Catalytic Reduction
Aldehydes and ketones on reduction with hydrogen in the presence of a metal catalyst

like Pd, Pt or Ni form primary and secondary alcohols respectively. Hydrogen is added across the
carbonyl group.

0
| !
H—C—H+ H, —=R=i, CH,0H
Formaldehyde Methyl alcohol
0
[ .
CH,—C—H + H, —=2PeN, CH,—CHOH
Acetaldehyde Ethyl aleohol
I 1
CH,—C—CH, + H, —=RxN,  CH,—CH—CH,
Acetone Isopropyl alcohol

12.5.3 Oxidation Reactions
()  Oxidation of Aldehydes

Aldehydes are easily oxidised by mild oxidising agents like Tollen's reagent, Fehling's
solution and Benedict's solution. They are oxidised to carboxylic acids by strong oxidising
agents such as K,Cr,0, / H,SO,, KMnO, / H,SO,, and dilute nitric acid. The hydrogen atom
attached to the carbonyl group in aldehydes is oxidised to OH group.

0 0

I _ s I

CH,—C—H + [0] S0,  CH,~—C==0H
Acetaldehyde P AceticAdld | -
0 'ﬁ' 2
I " : : LOFo .
~— CH, —C— _KCr0, SO, o —_CH, —C—OH

CH,~—CH,—C—H + [0] - CH, B o

d

The carboxylic acid has the same number of carbon atoms ﬁﬂepréf:nfmthepumt .
aldﬂhyde. - J b s Al i Nheuil el

£33y TSy :.--"*"_-'l_i--
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(i) Oxidation of Ketones

Ketones do not undergo oxidation casily because they require breaking of strong carbon
- carbon bond. They give no reaction with mild oxidizing agents. They are only oxidised by
strong oxidising agents such as K,Cr,0,/H,S0, , KMnO, / H,SO,, and conc. HNO,. In oxidation
of ketones, only the carbon atoms adjacent to the carbonyl group are attacked. The carbon atom
joined to the smaller number of hydrogen atoms is preferentially oxidised. In case of symmetrical
ketones only one carbon atom adjacent to the carbonyl group is oxidised and a mixture of two
carboxylic acids is always obtained.

T i
CH,—C—CH, + 3[0] ==%W0., cy —C—OH + HCOOH
Acclone Acetic Acid

However, in case of unsymmetrical ketones, the carbon atom joined to the smaller
number of hydrogen atoms is preferentially oxidized and the carbonyl group remains with the
smaller alkyl group.

0 T i
CH,— C—CH,—CH, + 3[0) F&MS0., oy — ¢ —OH + CH,— C—OH
: Butanone Acetic Acid
12.6 IDENTIFICATION OF CARBONYLCOMPOUNDS

Detection tests for aldehydes and Ketones.

1.24 DNPH Test: Aldchydes and ketones form a yellow or red precipitate with 2,4
dinitrophenyl hydrazine solution.

2. Sodium Bisulphite Test: Aldehydes and small methyl ketones form a crystalline white
precipitate with saturated sodium bisulphite solution.

3. Tollen's Test [Silver Mirror Test]: Aldehydes form silver mirror with Tollen's reagent
(ammoniacal silver nitrate solution). Add Tollen's reagent to an aldehyde solution in a test tube
and warm. A silver mirror is formed on the inside of the test tube.

AgNO, + 3NHOH ——  [Ag(NH,),JOH + NH, NO, + 2H,0
R—CHO + 2[Ag(NH,),JOH ——— R—COONH, + 2Ag +2NH,+ H,0
Silver mirror
High quality mirrors are manufactured by using this principle. Ketones do not give this

4. Fehling's Solution Test [an alkaline solution containing a cupric tartrate complex
fon):

Aliphatic aldehydes form a brick-red precipitate with Fehling's solution. To an aldehyde
solution, add Fehling's solution and boil. A brick red precipitate of cuprous oxide is formed.
Ketones do not give this test.

= —




T Chemisiry X1 T T <]

R—CHO + 2Cu(OH), + NaOH ——» R—COONa + Cu,0 +3H0
Brick-red ppt

5. Benedict's Solution Test [an alkaline solution containing a cupric citrate complex
ion]: Aliphatic aldehydes form a brick-red precipitate with Benedicts's solution. To an aldehyde
solution, add Benedict's solution and boil. A brick-red precipitate of cuprous oxide is formed.

RCHO + 2Cu(OH), + NaOH —— RCOONa + Cu0 +3HO
Brick-red ppt
Ketones do not give this test.
6. Sodium Nitroprusside Test:

Ketones produce a wine red or orange red colour on adding alkaline sodium
nitroprusside solution dropwise. Aldehydes do not give this test.

12,7 USES

(a) Uses of Fomaldehyde

(1) It is used in the manufacture of resins like urea-formaldehyde and plastics such as
bakelite.

(1) Itis used in the manufacture of dyes such as indigo, para-rosaniline, etc.

(iii)  Its 40% aqueous solution called formalin is used as an antiseptic, a disinfectant, a
germicide, a fungicide and for preserving animal specimens and sterlising surgical
instruments.

(iv)  Itisused asadecolourising agent in vatdyeing.

(v) It is used in the silvering of mirrors.

(vi)  Itisused in making medicine urotropine used as a urinary antiseptic.

(vii)  Itisused in making formamint (formaldehyde + lactose) used as throat lozenges.

(viii) Itisused in the processing ofanti-polio vaccine.

(b) UsesofAcetaldehyde

(i) Itis used in the production of acetic acid, acetic anhydride, n-butanol, ethanol, 2-ethyl-1-
hexanol, vinyl acetate, paraldehyde, ethylacetate, etc.

(i)  Itisusedto makeacetaldehyde ammoniaused as a rubber-accelerator.

(iii) It is used to make chloral hydrate, ethanol trimer and tetramer. Chloral hydrate and

ethanol trimer are both used as hypnotic drugs whereas ethanol tetramer is used as a slug
poison. . -
(iv)  Itisused asanantiseptic inhalent in nasal infections.
(v)  Itisusedinsilvering of mirrors.

(vi)  Itisusedtomake phenolicresinsand synthetic drugs.
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Q.1

KEY POINTS
Aldehydes and ketones contain the carbonyl group, C = O as the functional group.
Both aldehydes and ketones can be prepared by the oxidation of primary and secondary
alcohols respectively.
Both aldehydes and ketones undergo nucleophilic addition reactions. In these reactions,
the negative part of the reagent combines with the electrophilic carbon of the carbonyl
group whereas the positive part goes to the oxygen atom. They are base catalyzed
addition reai_ctiuns.
Two molecules of the same carbonyl compound condense to form an aldol. Aldehydes
and ketones containing a-hydrogen atoms undergo this reaction in the presence of dilute
sodium hydroxide.
Aldehydes that have no a-hydrogen atoms undergo Cannizzaro's reaction in the
presence of concentrated sodium hydroxide.
Acetaldehyde and only methyl ketones react with halogens in the presence of sodium
hydroxide to give haloform. It provides a useful method for converting a methyl ketone
to a carboxylic acid containing one carbon atom less than the parent methyl ketone.
Iodoform test is used for distinguishing methyl ketones from other ketones.
Aldehydes and ketones react with ammonia derivatives, G - NH, to form condensation
products containing the gmi.lp, C=N - Gand water. The reaction is acid-catalysed.
Aldehydes and ketones are reduced to alcohols with sodium borohydride. Aldehydes and
ketones are also reduced to alcohols with molecular hydrogen in the presence of catalyst
like Pd, Pt or Ni.
Aldehydes are oxidized to carboxylic acids. K,Cr,0, in H,SO, or KMnO,, in H,S0, may
be used as the oxidising agent. Ketones resist oxidation,
Aldehydes form silver mirror with Tollen's reagent. Ketones do not give this test.
Aldehydes give a brick red precipitate with Fehling's solution on boiling.

EXERCISE

Fillin the blanks,
i) Aldehydes are the first oxidation product of
ii) Ketones are the first oxidation product of g
iii) Aldehydes and ketones undergo addition reactions.

iv) Formaldehyde reacts with to give primary alcohol.
v) Acetaldehyde reacts with to give 2-butanol,
vi)  Aldehydesare strong agents.

~vii)  Theoxidationofan always gives a carboxylic acid.

K
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Q.3

viii)  Thereduction ofa always gives a secondary alcohol.

ix) Formaldehyde gives test with Tollen's reagent.

x) Acetaldehyde givesa precipitate with Fehling's solution.
Indicate True or False.

i) Formaldehyde is used in the silvering of mirrors.

ii) Ketones combine with alcohols in the presence of HCI gas to form acetals,
i) Acetaldehyde undergoes Cannizzaro's reaction.

iv) Aldol condensation reaction is given by only those aldehydes and ketones
which contain an a-hydrogen atom.

v) Cannizzaro's reaction is given by only those aldehydes containing no
a-hydrogen atom.

vi) Propanal and propanone behave differently with Tollen's reagent.

vii) Acetone reacts with sodium bisulphite to give a yellow crystalline product.
viii)  Acetone on reduction gives a primary alcohol.

ix) 40% aqueous solution of formaldehyde is called formalin.

Multiple choice questions. Encircle the correct answer.

i) The carbon atom of a carbonyl group is:

(a) sp hybridized (b) sp’ hybridized
(c) sp’ hybridized (d) none of these
i1) Formalin is:

(a) 10% solution of formaldehyde in water
(b) 20% solution of formaldehyde in water
(c) 40% solution of formaldehyde in water
(d) 60% solution of formaldehyde in water
iii) Which of the following will have the highest boiling point?

(a) Mathanal (b) Ethanal
(c) Propanal (d) 2-Hexanone
iv) Ketones are prepared by the oxidation of:
(a) primary alcohol (b) secondary alcohol
(c) tertiary alcohol (d) all of these

v) Acetone reacts with HCN to form a cyanohydrin. Itis an example of:
(a) electrophilicaddition  (b) electrophilic substitution
(c) nucleophilic addition  (d) nucleophilic substitution
vi)  Which of the following compounds will not give iodoform test on treatment

— T T e w
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with I,/NaOH:
E (a)°  acetaldehyde (b) acetone
(c) butanone (d) 3-Pentanone
vii)  "Which ofthe following compounds will react with Tollen's reagent?
_ 0 T
(a) Cﬁl_ll;_H () CH,— C—CH,

i T
(€)%  E€H,—C—OH (d) CH,—C—CH,—CH,
viii)  Cannizzaro'sreaction is not given by:
(a) Formaldehyde (b) Acetaldehyde
(c) Benzaldehyde (d) Trimethylacetaldehyde
ix) Which of the following reagents will react with both aldehydes and ketones?
(a) Grignardreagent(b)  Tollen's reagent
c) Fehling'sreagent(d)  Benedict'sreagent
Q.4  Giveone laboratoryand one industrial method for the preparation of formaldehyde.
Q.5 Howdoes formaldehyde react with the following reagents?
(i) CH,Mgl (ii) HCN (iii) NaHSO, (iv) conc.NaOH
(v) NaBH/H,O (vi)  Tollen'sreagent (vii) Fehling'sreagent
Q.6  Giveone laboratory and one industrial method for the preparation of acetaldehyde.
Q.7 Howdoesacetaldehyde react with the following reagents?
(i)  CHMegl (i) HCN (iii)  NaHSO, (iv) diluteNaOH
(vy I/NaOH (vi) NaBH/H,0 (vii) NH,0H (viii) K,Cr,0/H,SO,
Q.8  Describe briefly the mechanism of nucleophilic addition to a carbonyl compound.
Q.9  Explain with mechanism the addition of ethylmagnesium bromide to acetaldehyde.
‘What is the importance of this reaction?
Q.10 Explain with mechanism the addition of sodium bisulphite to acetone. What is the utility
of this reaction?

Q.11 Describe with mechanism aldol condensation reaction. Why formaldehyde does not
give this reaction?

Q.12 Whattypes ofaldehydes give Cannizzaro's reaction? Give its mechanism.

Q.13  Explain the mechanism of the reaction of phenylhydrazine with acetone.

Q.14  Using ethyne as a starting material how would you get acetaldehyde, acetone and ethyl

alcohol?
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Q.15

Give the mechanism of addition of HCN to acetone.

Q.16 How would you bring about the following conversions?
(i) Acetone into t-butyl alcohol (ii) Propanal into 1-propanol
(iii)  Propanone into 2-propanol (iv)  Methanal into ethanal

Q.17

Q.18

Q.19

Q.20

(v) Ethanal into propanone (vi)  Ethanal into 2-propanol
(vii)  Ethyneintoethanal (viii) Ethene into ethanal

(ix) Ethanalintoethanol (x)  Ethanolinto2-butanone
(xi)  Methanol into ethanal (xii)  Ethanol into ethanoic acid.
How will you distinguish between: '

(i)  Methanal and ethanal (i)  Ethanalandpropanone

(iii)  Ethanal and propanal (iv)  Acetoneand ethylalcohol
(v) Butanone and 3-pentanone (vi)  Acetaldehyde and benzaldehyde

(vii)  2-Pentanone and 3-pentanone
Discuss oxidation of (a) aldehydes (b) ketones with:

(1) K,Cr,0./H,S0, (ii) Tollen'sreagent (iif)  Fehling's solution

Discussreductionof:  (a) aldehydes (b) ketones with
() NaBH/HO (i) H/Pd
Give three uses for each of formaldehyde and acetaldehyde.




13:1 INTRODUCTION ?
Organic compounds containing (— C— OH ) as a functional group are called carboxylic
O

i
acids. The (—C— OH) group which itself is made up of a carbonyl group (> C =0) and a hydroxyl
group (-OH) is called a carboxyl group (Carb from carbonyl and oxyl from hydroxyl).

O

I 2
; Carboxylic acid may be an aliphatic or an aromatic depending upon whether ( —C—OH) 18
attached to an alkyl group (ora hydrogen atom) or an aryl group. Their general formulae are:

Aliphatic carboxylic acids
v
R—C—OH where R =H or an alkyl group.

- Aromatic carboxylic acids
| 7
Ar—C—OH where Ar is a phenyl or an aryl group.

~ Carboxylic acids are further classified as mono, di, tri or poly carboxylic acids as they

contain one, two, three or many carboxyl groups respectively in their molecules.
—_— -




Aliphatic monocarboxylic acids

? 0
I
H—C—OH CH,—C—OH
Methanoic acid or Formic acid Ethanoic acid or acetic acid

Aliphatic dicarboxylic acids

COOH . - - _/cooH
{I:DDH it
"\ cooH
Ethanedioic acid (Oxalic acid) Propanedioic acid (Malonic acid)
Aromatic monocarboxylic acids Aromatic dicarboxylic acids
COOH

Benzoic acid g

In this chapter we will discuss, in some detail, the chemistry of monocarboxylic acids
only,
13.2 NOMENCLATURE OF CARBOXYLICACIDS

The aliphatic monocarboxylic acids are cununnnly called fatty acids because higher
members of this series such as palmitic acid (C,;H,,COOH), stearic acid (C,,H,,COOH), etc. are
obtained by the hydrolysis of fats and oils.

The aliphatic monocarboxylic acids may be given common names or [UPAC names.

13.2.1 Common or Trivial names : 2

The common names of carboxylic acids were derived from the source from which they
are isolated, The irritation caused by an ant bite is due to formic acid (Latin word formica, ant). It
was first isolated by the distillation of red ants. Similarly acetic acid was first isolated from
vinegar and butyric acid was named after butyrum means butter.

13.2.2 The IUPAC Nomenclature

The TUPAC names of saturated monocarboxylic acids are alkanoic acids. These are
derived from the names of the alkanes containing the same number of carbon atoms as the acid.
The ending “-e” of the alkane name is dropped and suffix-oic acid is added. Thus acetic acid gets
the name ethanoic acid. .

The position of substituents are indicated by Arabic numerals with the cn.thoxjtlgmyg

.



ETEROET A ; Carboxylic Acid

given number 1 as shown below:

0
4 3 T |
C—C—C—C—OH
The common and IUPAC names of the some common monocarboxylic acids are given in
the table below.

Table (13.1) Commeon and IUPAC names of some common carboxylic acids

Formula "~ Common Name IUPAC Name
H—COOH Formic acid Methanoic acid
CH,COOH Acetic acid Ethanoic acid
CH,CH,COOH Propionic acid Propanoic acid
CHJ e CHI_ CH,'—‘ COOH Butyric acid Butanoic acid
CH,— CHCOOH

| Iso-Butyric acid 2-Methylpropanoic acid
CH,

133 GENERALMETHODS OF PREPARATION

A number of methods for the preparation of carboxylic acids have already been
discussed in the previous chapters. However, they are recalled again with different examples.

! b From Primary Alcohols and Aldehydes

Primary alcohols and aldehydes are readily oxidised to corresponding carboxylic acids
by oxidising agents such as potassium dichromate in an acidic medium.

R—CH,—OH + [0] —© , g__cho —19, pcoow
Primary alcohol aldehyde Carboxylic acid
e 0
OH,— CH,——OH + [0] —522 . cy—c—n —2 cncoon
y Ethanol Ethanal " Ethanoic acid

Aldehydes are easily oxidised to corresponding carboxylic acids even by mild oxidizing
agents such as Tollen's Reagent (Ammoniacal silver nitrate).

CH,— CHO + [0) ———> CH,COOH
Ethanal = Ethanoic acid
meAlhnmllrllﬂ
Gnnpmmdihvmgleymida{-c N]gmupmuﬂadmuﬂﬂ Hydmlymnhn
. Wii ..... lacids oralkalis yields corresponding carboxylicacid.




R—C=N + HO —>%, RCOOH + NH,

CHC=N + H,0 + HC ——> CH,COOH * NHCI

Alkanenitriles can be prepared by treating alkyl halide with alcoholic potassium
cyanide.

R—X + KCN —Neokol . R—CNish KX

It may be noted that acid produced has one carbon atom more than the r.mgmal n.l.li:}'l
halide,
3. From Grignard Reagent

Carboxylic acids can be prepared by the reaction of Grignard reagent with carbon
dioxide. This reaction is either carried out by passing carbon dioxide through the ethereal solution
of corresponding Grignard reagent or by adding Grignard reagent to crushed dry ice suspended in
ether. The addition product on reaction with a mineral acid produces carboxylicacid. .

;(

R—MgX + 0=C=0 —a25 [R—C—OMgX]—5—> R—C—OH+Mg
‘ OH
Br

Cﬁ,—’h!ﬁ—\-‘c “o—a- [CH; § Y DMgBr} CH,COOH + Mli

4. By the Hydrolysis of Esters
The appropriate ester on boiling with oonmmtﬂlaodmmwdrmdu)ueldssodn@ aah‘._
ufﬂmamd.mmumngsmwhmmmddmﬂmgmethefmwboxmm

L@ fP
R—COOR' + NaOH ——— - R—C—&Iajzxk'-ﬂH f 2aitiy

¥

-

0 -
.
R—C—ONa + HCI sty R-—c-—oﬁ“

IIOH 1] ~alapesy ‘mnw%?- £
2 Jr( Hﬂ; o b 'ﬂﬂ-‘{"nd' -'




R—CH=CH—R '+ 4[0]  XMQJOW, 2RCOOH
Symmetrical alkene Carboxylic acid
HC—CH=CH—CH, + 4[0] /%,  2CH,COOH
2-Butenc Ethanoic acid
13.4 PHYSICALCHARACTERISTICS
(i  Smell

The first threc aliphatic acids, i.e., formic acid, acetic acid and propionic acid are
colourless liquids and have pungent smell. The next three acids C, to C, are colourless liquids

with somewhat unpleasant smell.
(ii)  Solubility

Among the aliphatic acids, the first four members are very soluble in water due to
hydrogen bonding.

Slhe 5 5 & 5 T LR 5
_H_? = hciepy o H_.D_tlzno ............ H_(IJ ...... H _D_C|:=U ........
HY R He o R
The solubility in water gradually decreases 1l.:l«:ith the increase in molecular mass.
(iii)  Boiling Point 6 IIIII ﬁ o
The boiling points of carboxylic acids are > o >N
relatively high due to intermolecular hydrogen R—C fr=R
bonding. The molecular mass determination in \ O ﬁ lllll af
non-polar solvent like benzene shows that carboxylic e ofa ool it
acids existas cyclic dimers.
Boiling Points
HCOOH CH,COOH C,H,COOH
373K(100°C) 391K(118°C) 424K(141°C)

(iv)  Melting Points
The melting points of carboxylic acids increase irregularly with the increase in
molecular mass. It has been bserved that the melting points of carboxylic acids containing even
number of carbon atoms are higher than the next lower and higher members containing odd
number of carbon atoms, e.g.,
~ CH,CH,COOH, CH,CH,CH,COOH, CH,CH,CH,CH,COOH
(3 carbon) (4 carbon) (5 carbon)

MeltingPoints 251K (-22°C) 267K (-6°C) 237K (-36°C)

-

-
e
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13.5 REACTIVITY OF CARBOXYLGROUP(—C—OH)

The carboxyl group displays the chemistry of both the carbonyl and the hydroxyl groups.
In most reactions of carboxylic acids, the carboxyl group is retained however, the reactivity of
these moleculesisa consequence of the presence of the carbonyl group.
13.6 Reactions of Carboxylic Acids

Carboxylic acids undergo the following types of reactions.
a) The reactions in which hydrogen atom of the carboxyl group is involved (salt

formation).
b) The reactions in which OH group is replaced by another group.
c) The reactions involving carboxyl group as a whole.

(3)  Reactions Involving H Atom of the Carboxyl Group
Carboxylic acids are weaker acids than mineral acids. They furnish H' when dissolvedin

water.

O
R—C—& D Hon R—c—m
Carboxylate ion

In the presence of water (H,0), the proton breaks away as H,O ion.
L Reactions with Bases .

Carboxylic acids react with bases (NaOH, KOH) to form salts.

CH,COOH + NaOH ——> CH,COONa + H,0

2. Reactions with Carbonates and Bicarbonates

Carboxylic acids decompose carbonates and bicarbonates evolving carbon dioxide gas
with effervescence.

2CH,COOH + NaCO, —> zcn,mﬁni +CO, + HO - o

CH,COOH + NaHCO, ——* CH,COON:.-. i+ 00, + H0 ‘
3. Reactions with Metals AN N "

Carboxylic acids react with active metals (Na, K, Ca., Mg etc) tuipl‘m tl:lpl;sa’lu j@.ﬁm =

evolution ofhydrogen gas.
 2CH,COOH + 2Na ———> mmani + H,




' group, producing a carboxylic acid derivative. The -OH group can thus be replaced by X, OR and
. NH, to form halides, esters and amides, respectively. '

1. Reaction with PCL and SOCI,
(@ CHCOOH + PC, ———> CHCOCI + POCI, + HCl
.® CHCOOH + SOCl, ——  CHCOCI + SO, + HCl

Mechanism
'\ ’ 3"?
| Jep &}
()RCH, ~SE =0 +1S0CL, | \————»  CH,—C—0—S—Cl + H'+CT

| o 9
f (5 o) i T— CH,—t!:—n—s—m
§x cl
ﬁ - __. ),
i (i) ,GH.—'C.—Q}}-SZ:EI- Gl —C—Cl + 50+ CT
E {|3] ¢ Acetyl chloride
1" (R . HY e = O 1

o of as Ester o/
1 carboxylic acids are heated with alcohols in the presence of concentrated H,SO,,

&y N




, =

T i
= (iii) Hydrngl:nlun Transfer
CH, —fi*. —OH . CH,—rf?—D’H

Dh"H o—H ¢ . ¥ |
. "-.“ D
Rl
E -
(iv) Elimination of Water and H’ : - i
CH—o H C,H,—O0 A

CH, ——CQD H =—— CH,—'C'='U+H;,U+H+

Ethyl acetate

Ro.

H

Esters have fruity smell and are used as
artificial flavours. Flavours of some esters are listed
inthe table.

3. Formation of Amide (Reaction with ar ammonia)

Carboxylic acids react with ammonia to form
ammonium salts which on heating produoeamdnmtdg

CH,COOH + NH,



1

11‘ 5
! (i) CH,— C —QH B CH,— C— NH, + HO

| 1 — _—— == 4

i|. £ | _(P 1 3 1 1

il HHJ , Acetamide

r1| 4.  FormationofAcid Anhydride
Al Carboxylic acids are dehydrated on heating strongly in the presence of phosphorus
I|' _pentoxide. . |

| I - ¢ e
EheoEseHOl=Cc—cH, — "% 5 CH- C—O0—C—CH, + HO
|1_' Acetic anhydnide

Sy 2

\ : : I
! c) Reactions Inyolving Carboxyl Group (—C—OH )

.l] ~ Partial Reﬁu;ﬂhglnAlmhois

Earbolehc acids on reaction with lithium aluminium hydride (LiAIH,) are reduced to

[ B i "'1""'"

—ﬂp CH,—CH,—OH + HO "

¢ »




13.7.2 Manufacture of Acetic Acid
L. From Acetylene

Acetylene is treated with 20% H,SO, and 1.0% HgSO, at 80°C to give ethanal
(acetaldehyde) which is then oxidised using V,0, to give acetic acid.

: Va0,

HC= CH+H,0 —i5%> CH,— CH—OH = CH,—C—H 55> CHCOOH
2. Acetic acid is also prepared commercially by the oxidation of ethyl alcohol. Ethyl
alcohol can be commercially prepared from molasses by a process called fermentation. It is
oxidized by potassium dichromate in the presence of conc. sulphuric acid to give acetaldehyde

Wh.lﬂh is further oxidized under the same conditions to give acetic acid.

0
]
CH,—CH,—OH + [0] _“:;—goﬂ» CH,—C—H + HO

0
I -
CH,—C-%=H o+ [O] —%&9"' £ 0
13.7.3 Physical Characteristics

Acetic acid is a colourless liquid with a boiling point 118°C. It has a strong vinégar odour
and sour taste. The pure acid freezes to an ice like solid at 17°C, therefore, it is mlhdshmﬂ

aceticacid, Itis miscible with water, almhulandelhn‘maﬂmm

13.7.4 Reactions of Acetic Acid
Chemical reactions of acetic acid have already been dmssedm thc Smwm

of the carboxylic acids. . o _ > 2
13.7.5 Uses of AceticAcid . L1 NGRS ! ot
Acetic acid is used: a3 ‘; T

T unmgﬂmtfmmmmhbﬂ‘md“ﬂﬁ?
if) mmemmufacmofpluw',._: IyYinyA BoCtEE

silk. 2 T Ty m.inbhf'ﬂﬂ'\ 3:-‘-""“- .
: mMGmualmliﬂlﬂqk f ;,a,;;:ﬂ.--wiftﬂ:'iﬁf’i ﬂ g




e Carbaxplic Acidl

Side r.hlin\ Iil

Ri= {|3 — COQH <— Carboxyl group
Amino group —> NH,

El

R is different for different amino acids. The amino group may be present at any carbon
atom other than that of the carboxyl group (-COOH). They are referred toas @, 8 , y depending
upon whether the amino group is present on the a , i, or y carbon atom relative to the carboxyl
group. Almost all the naturally occurring amino acids are o amino acids. These amino acids are
vmymypurtant because they are the building blocks of proteins. Proteins are very important for
us, & S

‘The amino acids which contain two carboxyl groups are called acidic amino acids while

* those containing two amino groups are called basic amino acids. For example, glutamic acid and
- asparticacid aﬁwjﬂiﬁ amino acids while lysine is a basic amino acid.

About twenty amino acids'have been identified as the constituents of most of the animal
and plant proteins. 9
13.8.1 Essential and Non-essential Amino Acids

l Out of twenty amino acids which are required for protein synthesis, the human body can
I synthesize only ten. The amino acids which body can synthesize are called non-essential amino
|

e s A g - A

aﬁd&“!’hemmmﬁmgm amino acids which the body is not able to synthesize are called essential
amino acids. The essential amino acids must be supplied to our bodies through our diet because
ﬂwym mqtﬁred for proper ‘health and growth. The deficiency of essential amino a-:uds may

'Iheaemmlnamususually reﬂem the origin or an obyious pruperty
foraxample is $0 named, becamlthas a sweet taste (Greek
= Wa ﬁmtwulamd from cheese (from Grukuyos-chr.m} For the
1as been given an abbreviation which gene:rall:,r consists of
' nmm "Fnrjmmﬂe, the srmplmt amino acid is glycine
ed as C arly, al ?ﬁ— COOH may be.

1



ulae and other features of amino acids
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Table 13.2 Names, structural form

Name Nature Abbreviation

l. Glycine Meutral Gly:

2, Alanine Meutral Ala

3. Valine Neutral Val

4. Proline MNeutral Pro

5. Aspartic Acidic Asp
acid

6. Glutamic Acidic Gla
acid '

7. Lysine Basic Lys

8. Histidine  Basic His o8 P

Structural formula
(IIH,— COOH
NH,

CH s+ (IZH— COOH

CH,— {IZH-—— cI:H—— COOH |

NH,
CH; HHt
HJIJ“— (|3H=
H,C CHCOOH
et
NH

—

T '1_ g ':‘l}h [

13.8.3 Structure of AminoA

o
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R— {|3 — 00"
- NH,

| Zwiller jonic structure
.' : The dipolar structure is also called internal salt. All a - amino acids exist largely in
' ~ dipolarionic forms.
:"1 ' 13.8.4 Achllc and Basic Characters of Amino Acids
:_" s n the basis of dipolarion stmn:tl.u'n:, the acidic and basic reactions of amino acids may be

bl o

H
R—~t|:HCGDH
vy =) 1\ Whumathhmaddad%’mmmmd- , group releases the proton and therefore

' ﬁlﬁﬁcm“dnemﬂm
"-‘fb “ .

-~ R—CHCOO" + DH? ™ R—{FHCDOWH,D




a-amino nitrile upon acidic hydrolysis yields an a - amino acid:

R {!:u —CNL AT R—(I:H—{:DGH

NH, NH,

13.8.6 Reactionsof Amino Acids

Amino acids undergo man;-,r chemical reactions cham:tmshcs of either amino gmup or
carboxyl group. :

L. Esterification

Amino acids form ammaester when treated with an alcohol in the pmﬂe of cmlytm
amount of a strong acid.

R—CH—CQOH + R'—OH . <= R—CH—COOR' + HO

NH, i ety SN

ii. Reaction with Nirous Acid
Amino acids react with nitrous acid to produce a-hydroxy carboxylic acid and nitrogen

gas,
R— CH— COOH iﬁ“g"—r R-—?H— COOH + Nyp + HO
I o o, . " .I j
NH, _OH o |
13.8.7 Test of Amino Acids - G g Sink kAT RE Rl iy 3
N"‘h}"dl'll'lTEEt ' - S s B il . s B

: thydnnreacbsmthammﬂnmdtnfurmﬂﬂmﬁﬁﬂlymlomedw
The ninhydrin reacnunmmumdalymdmwmpnmm_ _
chl'DmatoErnphy O s
13.8.8 Peptidesand Proteins ~~ ©
Peptides are the compounds. fu:maihy:lhﬂ nsati



8. Amino acids join together to produce peptides. A pol ypeptide has a molecular mass upto

Sy e e - Carboxylic Acid

If a large number of amino acids (hundreds to thuusandé} are joined by peptide bonds,
the resulting polymide is called a polypeptide.

H,N ——?H—-CU—[I‘FI— (T‘H—CO] NH— CH— COOH
H R n R

Depending upon the number of amino acids per molecule, the peptides are dipeptides,
tripeptides, polypeptides, etc. The formation of peptide bonds can continue until a molecule
containing several hundred thousand amino acids is formed. Such a molecule is called
polypeptide or protein. By convention a peptide having molecular mass upto 10,000 is called a
polypeptide while a peptide having a molecular mass more than 10,000 is called a protein.

KEY POINTS{}

L. Organic compounds containing carboxyl group (— (IZ —OH )are called carboxylic acids.
There are two classes of carboxylic acids, i.e., aliphatic and aromatic carboxylic acids.
Aliphatic carboxylic acids are also called fatty acids

2. Carboxylic acids can be produced by the oxidation of alcohols and aldehydes and by the
hydrolysis of nitriles.

3. Lower members of the series are water soluble and have pungent smell.- Solubility
decreases with the increase in molecular mass.

4. Carboxylic acids have higher boiling points than the corresponding alcohols. Boiling
point increases with the increase in the molar mass.

5. Acid chlorides, acid amides, esters and acid anhydrides are called derivatives of

carboxylicacids.
6. Aceticacid is synthesized on commercial scale from acetylene.
7. Carbbxylic acids containing amino group in their molecules are called amino acids.

They are classified as neutral, basic and acidic amino acids.

10,000 whereas the molecular mass of protein is greater than 10,000.

EXERCISE |
Q.1 Fillintheblanks. ‘ h
(i) meula of malonic acid is _
i)  Methylnitrileupon acidic hydrolysis produces | |

Me tin g points of carboxylic acids containing even number of carbon atoms
than the next lower and higher members oontaining odd




(v)  Acidchloride and acid anhydrideare called ofacid.
(vi)  Pureaceticacidis called

(vii)  Formulaofalanineis

(viii) Prolineisa amino acid.
(ix) A peptide having a molecular mass more than 10000 is called
Q.2 Indicate True and False.
(1) Acetic acid exists as a dimer in benzene.
(i) Firstthree aliphatic acids have fruity smells,
(iii) ~ Carboxylic acids on reduction w1ﬂ1 LiAlH, produce alkenes.
(iv)  Aceticacid on dehydration produces CO and H,.
(v) Sodium formate on heating with soda lime produces NaHCO, and hydrogen.
(vi)  Aminoacids existas Zwitterion.

(vii)  Histidine isan acidicaminoacid.
(viii) A peptide having molecular mass upto 10000 s called protein.
(ix)  Phthalic acid is a monocarboxylic acid. '
(x)  Formulaofglycine is CH,COOH.
Q.3 Multiple choice questions. Encircle the correct answer.

(1) Acetic acid is manufactured by: ‘
(a)  distillation (b)  fermentation :
(c) ozonolysis ﬁ'[1?1} mﬁm ; '
(i)  Acarboxylicacid contains P A
(@  ahydroxylgroup (b}mrﬁgxzﬂm
_ (T) ahydroxyl and carboxylgroup  (d)a carboxylang :
(iii)  Whichacidisusedin timmanufa:tureof&ynﬂmtmﬁbﬁ‘lgb - *
(a) formic acid (b] - oxalic
; (c) carbonic acid .
(i)  Which qfﬂmfulluwmgdmvaﬂmmmlhe '. oly fomaceticacid.
Wi © ot |

{cJ mﬁean;'!ﬂr_ldﬂ

R e
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Carboxylic Acid

(vii)  Organic compounds X and Y react together to form organic compound Z. What

type of compounds can X, Y and Z be?

X Y Z
(a) alcohol - ester acid
(b)  acid ester ~ alcohol
(c) ester alcohol acid
(d)  alcohol acid ester

('mi) An aqueous solution of an organic compound reacts with sodium carbonate to

produce carbon dioxide gas. Whmh one of the following could be the organic

; l . compound? .
-:_-,,'L,(a} CHJ m{"'_CHJ (b) CH,—CHU
¢ CH,COOCH, (d CH,-CH,-COOH
(ix)  Whichofthe followingis nota fatty acid?
_[a)“ ¢ mpanuiu acid : (b) aceticacid
(c)  phthalicacid (d)  butanoicacid
®) Amdulspmpamdbr :
(a) heuﬁngnqgmomummtn (b) heating methyl cyanide
(c) heating ethyl acetate (d) hydrolysis of methyl cyanide

'-Q.sl “&nednmthcmmnlﬁ:rmulicnfthefnﬂmngs

&
" o
fﬂ ":I-'P-‘-

@ .'_W?E‘%

Va.lmamd

i Tpg

(ii) Propionicacid (iii) Oxalicacid
(V)Aceticanhydride (vi) Acetyl chloride

nm;nst:f lhe fnﬂuwmgmmpuundsb}r IUPAC system.




Q7 (a) What are fatty acids?
(b)  Whatis vinegar? Describe how is vinegar prepared from ethanol?
Q.8 Howwould you carry out the following conversions?
(1) Acetic acid into acetamide (i)  Aceticacidintoacetone
Q.9 Write down the mechanisms of the following reactions.
(1) between aceticacid and ethanol (ii)  between acetic acid and ammonia
(iif)  between acetic acid and thionyl chloride
Q.10 Whathappens when the following compounds are heated.
(I Calcium acetate (i)  Sodium formate and soda lime
(i) Ammonium atetate \
Q.11  Whatareamino acids? Explain their different types with one example in each case.
Q.12 Write a short note on acidic and basic characters of an amino acid.
Q.13 Whatisa peptide bond? Write down the formula of a dipeptide.
Q.14 Whatare zwitter ions?
Q.15 Whatare a amino acids, proteins and peptides? How are they related?
Q.16  Study the facts given in (a), (b) and (c) below and then answer questions which follow.
(@  Aisanorganic compoundmade up of C, Hand O. It has a vapour density 15.
[Hint: Molecular mass =2 x vapour density].
(b) On reduction A gives a compound '}{*whlchhasthcfnﬂﬂwmsm
(1) X is a colourless liquid miscibie with water.

(i)  Xisneutralto litmus.
(iii)  When X is warmed with a few drops uf conc. H,SO, follnwedb]rlhtﬂesahcjrhc.

_ acid a characteristic smell is produced.
(6)  When X is subjected to strong oxidation, it gives compound B, which has the
: following properties. : =
(i) B is a pungent smelling mobile liquid.
(i) - Itismiscible with water, alcohol orether. b oo bt = g

(iii) Itlsmmswurandpmdunﬁbllsmunmmmﬂlskimv s ke

(ivy B canheubtmnedbypmngﬂwwpmanmﬂt um black
catalyst. : - 5

(v)  Bliberates H,, with sodium. e et

(vi)  Itgives CO,with NaHCO,, v e

| 1. Whamﬂumﬂlqmllrmd&?._, e

Idmﬁm,aemnt R |

Py
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Macromolecules
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14.1 INTRODUCTION
Acceptance of the macromolecular hypothesis came about in 1920's largely because of

; the efforts of Staudinger. He proposed long chain formulae for polystyrene, rubber and
' polyoxymethylene. Macromolecules or polymers are described as large molecules built up from
small repeating units called monomers. The development of the process of polymerization is,

perhaps, one of the most significant things chemists have done, where it has had the major effect

* on everyday life. The world would be a totally different place without artificial fibres, plastics,

etc. One of the most significant changes has been the gradual replacement of natural materials
Mﬂ@dmﬂmﬂm with manmade synthetic polymers. For better or worse we are living ina

il Tl_pw:dpolymerisdwimd from Greek, poly means 'many' and mer means'parts'.
Macromofecules can be classified into the following types, Fig 14.1. '

—— T -’u-..._,.]._.__. =
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142 STRUCTURE OF POLYMERS
A polymer is a large molecule build up by the repetition of small and simple chemical

units known as monomers. In some cases the repetition is linear while in others, it is branched or
interconnected to form three dimensional network Fig 14.2.

* - * * E — 4 _
Linear polymer L P e : i
SRl S *m‘é

/ i *- I- y :* T
* * iid TN R y >
\ - r -mf'.:- -i’l‘I
i * - ke — — * B -3
: G ‘ﬁ

The length of the puiymcr chain is specialized by the number of repeating units in the
chain known as the degree of polymerization (DP), for example, in linear polythene.
——CH,——CH;— CH,—CH; CHy: : \r
Thc repeating unit is —{—C}I ——CH,9— , where n is a large number. s g " Y
The molecular mass of the polymer is the product of the molecular mass of the = :
repeating unit and the DP. Fnr example, polyvinyl chloride, a polymer of DP 1000, has a %
molecular mass, ; h-' h T Lat Iy I.ﬁ
Mol. mass = M:}l.massof&repmt_mt}spf' etbad il '

+€H=—rJ:Hﬁ.~ 63 x 1000 = 63000 it jl v

Branched Linear polymer: ' |
o ..;_r o) J.ull,q. V#’i n L F
% * * “'A' TR T A :
/ * P q*J*'Elr_-'-‘ﬂ',rﬂ_ﬂh:- ! 1
: Ny \ N T :
* * o sl i i {H‘#T:ﬁ*t --ﬂ‘ I ;. 3
- iy N r s LT‘TF‘?-#; {
B Cross-linked Linear polymer or Inter ed puljlpg' M oA T
- 3 r
. Fig. 14.2 Three ways of polymerization - ‘ u |
|
|

ﬂﬂ! sy 2

F

Mosthigh molecularmmpulymm areusuﬁ:l fbr mal
~ and have molecular masses between 10,000 fﬂ 1 m :
vary widely depending upon the chemical compos:
143 TYPES OF POLYMERS

: The polymers formed are of the foll
1) Homopolymer A

= it
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For example, the polymerization of vinyl acetate.

CH:={i:H eSS e GHr= U H = CH— fl.‘H == CH— 1‘.|'J =
OCOCH, OCOCH, OCOCH, OCOCH,
Vinyl acctate Homopolymer {Palyvinyl acetate]

2) Copolymer
A copolymer is formed by the polymerization of two-different monomers together, e.g;
vinyl acetate reacts with butyl maleate to give a copolymer.

CH!=(|’:H + {in = ?‘H —_—r—CH,— ?H == T‘H — Ll'u— CH— L]‘H—
OCOCH, COOBu COOBu OCOCH, COOBuCOOBu  OCOCH,
Vinyl acetate Butyl maleate Copolymer

3) Terpolymer
In terpolymer three different monomers are polymerized and the polymerization
reaction is carefully controlled. For example, combination of butyl acrylate, methacrylate and
acrylic acid monomers gives a highly tough polymer which serves as a weather-resistant paint.
' Based on the thermal properties of polymers, they can be divided into two types.
i) Thermoplastic Polymer
A thermoplastic polymer is one which can be softened repeatedly when heated and
hardened when cooled with a little change in properties. For example; PVC pipes, plastic
toys, etc.
iii) Thermosetting Polymer
¢ The polymers which become hard on heating and cannot be softened again are called
thermosetting polymers. A thermosetting polymer, on heating, decomposes instead of melting.
For example, synthetic varnish, epoxy resins, etc,
14.4 POLYMERIZATION PROCESS
In 1929, W.H. Carothers suggested a classification of the polymerization process into
two types depending upon the way the polymers are formed. :
1. Addition polymerization 2 Condensation polymerization
1) Addition Polymerization
It is a free-radical addition reaction which involves initiation, propagation and
mmmmFor example, polymerization of styrene. Addition polymerization is catalyzed
byﬂ:mlorjﬂimnhmcﬂ decomposition of organic peroxides to give free radicals.
0
II

=8 5 OR—C— O33R+ 2C0,

Initiation N0 0 P
. R—é—'ﬂ—*ﬂ-ﬁé*ﬂﬂ. 2

L
_— — - -




Chemistry X11 : = > 0 1 -.
Propagation . : f i {
R CH=CH  — e P B
¥ 5 14
R—CH,—CH + CH=CH —> R-—{:H,_CH_CHI__;:%[ : ; 5 "
i, dw L -l &
- : . o | :_-
R— CH,——{le-—*f.'l-l,—t’.'?H+CH=={J:H-—> R— CH:-?H—CH.—IIBH;GH;.-%;?;J;H_I .-:i | '
AR

R—¢CH, -—-TH-}— + B — R_fCH’—I‘l:'TR b :‘ 3

CH, \> i

2, Condensation Polymerization 3 s
- This type of polymerization results from the mutual reaction nf two ﬂm:ul )
The reaction usually involves the removal of 2 water molecule or a methanol m:  tak
Place at both ends of the growing chain. For example; dmuboxylwuidao:m
diols to get the desired polymer like nylon and polye: . o

generally ionic in nature. 2 1%
? {)
{OH— c—O—c—m c H.—cH.—- ﬂHJ
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Macromolecules

_ Addition of a plasticizer improves the flexibility of the polymer. It is widely used in floor
cOoVerings, in pipes, in gramophone recorders, etc.
2. Polystyrene
It is also an addition polymer and is obtained by the polymerization of styrene in the
presence of a catalyst.

nCH,——-fH L CH—¢ (lzn—cn:j_—_,(l:u—
CH, GH L CHL
Styrens Polystyrene

Polystyrene is used in the manufacture of food containers, cosmetic bottles, toys and
packing material, etc.
3. Polyvinyl Acetate (PVA)

PVA is a colourless, non-toxic resin. It is supplied in a number of grades differing in the
degree of polymerization. Thg resin has a characteristics odour. It is mostly used as an adhesive
material and as a binder foremulsion paints.

4. Acrylic Resins

These are closely related to the vinyl resins. The most important monomers of acrylic
resins are methylmethacrylate, acrylic acid and butyl acrylate. The acrylic fibres are based

largely on acrylonitrile.

COOCH,
CH,=CHCOOH H,C=C—CH, CH,=CH—CN
Acrylic acid Methylmethacrylate Acrylonitrile

Acrylic resins are used in the manufacture of plastics, paints for car industry and water
based weather resistant paints.
o Polyester Resins :

Polyester resins are the product of the rear.uon of an alcohol (ethane 1, 2 diol) and

aromatic bi-functional acids (benzene 1,4 dicarboxylic acid). This product has a large number of
'llﬂl in clothing. Polyester is often blended with cotton or wool for summer and winter clothing.

Ialymm are altu used for making water tanks, etc. (For a chemical equation please see

hm:mdipwacl’d [hmdiale nci:l) wilh hexamethylene diamine.
: rials adipic acid and hexamethylene diamine,




I
o
H ‘ ¥

toughness and abrasion resistance.

o g S
nHOC(CH,),COH + nH,N(CH,),NH, % ~C(CH,),C{-NH(CH,\NHC(CH,).C}- NH(CH)\NH-
=0 Lo
Adipic acid Hexamethylene diamine Nylon-6,6 - |
Pi Epoxy Resins .;

The epoxy resins are fundamentally polyethers but retain their name on the basis of their
starting materials and the presence of epoxide group in the polymer. The epoxy resin is made by
condensing epichlorohydrin with diphenylol propane.

o {I:Hj 1
- :
H,¢— CH— CH,—Cl HD—O—{I:—O—UH B
CH, i1 -'ii
Epichlorohydrin . Diphenylol propane L

The major use of epoxy resins is in coating materials which give toughness, flexibility,
adhesion and chemical resistance. Industrial materials, thermal power stations, packing
materials are coated with epoxy paints. Dams, bridges, floors, etc. are painted with epoxy resins.

14.6 BIOPOLYMERS
Most biologically important substances are organic compounds built up from skeleton
of carbon atoms. Many of them are very large molecules and most of these are polymers. The four
major classes of organic compounds in living cells are carbohydrates, lipids, proteins and nucleic
acids.
14.6.1 Carbohydrates sl
The term carbohydrate is applied to a large number of relatively heterogeneous
compounds, They are the most abundantbiomolecules on l:al'th. The nﬁugnguhm{hm
of carbon) is derived from the fact that the first compound ofthis group which was studied had an
empirical formula C,(H,0),. They are commonly called 'sugars' an w yhydrox

- ‘NI.

_Ee e

o w— g

o
e g g

compounds' ofaldelydes and ketones. _ + Plass "o 1= o
14.6.2 Classification of Carbohydrates - - Xﬁ,
'E'hecnmmoniydsscﬁbﬂdﬂlﬂﬁiﬂ?ﬂﬁqﬂ‘iﬁﬁmm-h A Rt e T € I - 3

1. Monosaccharides e ‘4—' FS M TR SRR D
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examples of hexoses, both of which have molecular formula, CH ,0,.

o ' l‘.|?H OH
.. W - (
! H | H
LHE - 0\ : CH ,OH /c/ '
' OH H
ki H—C—OH /"t!r —OH O \I / OH
. =0 Hy, H
E ’nl LA 'DH H H 'CIH a-D-Clucose
i { ? {!':H,DII
| H OH \ g=—9, on
H /1 \(':
ow \QH  H /]
cl“. C
= _ H OH p-D-Glucose
IIIIIr i : . Glucose (cyclic form)
"1-‘” - .
g ri:H,u-GH CH,OH : OH
:i .- - ! '?"‘0 {}
"H—C—O0H ———
: .1--:!'1"-'%%'11-“ g
 H—g—on
! S  CHOH OH OH H  CH,0H
sctose (open chai Fructose (cyclic form)

e, grape sugar or blood sugar, occurs natuarlly in both
free state, it is present in most sweet fruits and in honey. Small
t in human blood and urine. In the combined state it forms a
harides and polysaccharides. It is the source of energy in our

W:m free states, It is used as a sweetening agent in

P Tl 3]
\
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CH,OH

a-D-Cilucose Fructose

OH

Glycosidic linkage |
Sucrose : i

Conversely; hydrolysis of an oligosaccharide by water in the presence of an lﬂldﬂl-'fh)'
€nzymes yields two or more monosaccharide units. "y,

Amongst the most common disaccharides are sucrose, lactose and maltose. Of these,
Sucrose occurs in sugar cane, sugar beet, pineapple, apricot, mango, almond, mﬂ'm.nﬂh@
uﬂm{mllksugar}uccurmnﬂmmlﬂmfaﬂammuls Itdnesnntmmm Pos & "" Py

Trisaccharides, which yield three monosaccharide .h e
molecular formula, C,,H,,0,,, for example, raffinose. In general, the

oligosaccharides are crystalline solids soluble in water and sweet to tas
known as 'sugars'

3. Polysaccharides

_ Mmonosaccharide molecules on hydmljfllﬂw
huve molecular formula, (C.H..O.}. !




- o . o
i Starch
Starch is the most important source of carbohydrates in human diet. The chief
- commercial sources of starch are wheat, rice, maize, potatoes and barley. Starch is a polymer of
a-D-glucose.
Starch is not a pure compound. It is a mixture of two polysaccharides, amylose and
amylopectin which can be separated from one another. Amylose is soluble in water and gives a
doq.‘r'bhxi: colour with iodine while amylopectin is insoluble and gives no colour. Natural starch

mm of 10 to 20% amylose and 80 to 90% amylopectin. It is used in coating and sizing of
' the writing qualities. It is also used in laundering and in the manufacture of

CH.OH
H 0 H
H
OH H O-
OH G_L H OH
(C-C) (1.4 Glycosidic linkage)

‘ ks ﬁﬁmﬁﬁc@nﬂﬂm-ﬂml

'DH
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ii) Celluiose |
By far, the most abundant structural polysaccharide is cellulose. Some 100 billion tons
of cellulose are produced every year by plants. For example, cotton is 99% cellulose and the
woody parts of trees are generally more than 50% cellulose. Itis a polymer of f -D-glucose.
It is present mainly in the plant kindom but also occurs in some marine animals. It is an
unbranched polymer consisting of a large number (up to 2500) of glucose residues joined to each
uthwthmqgh P -1—>4 linkages.

CH.OH

CH,OH

H 0. H

i B
j H H b il

. O | [ a | 4

H \ OH | e H‘ ey

-0 OH H o H . __ ?d H i . ~

1 BPs H O * 4l

| i 1

OH
|
H

H OH CH,0H OH

Celluluge (Palymer of [l-D-glucosel o i

iii) Glycogen
It occurs mainly in the liver and muscles where it represents the main. storage
polysaccharide in the same way as starch functions in plant cells. Glycogen is m Illﬂ
called 'animal starch', Its structure closely resembles with that of amylopectin having 1-> I
1-6 glycosidic linkages. Human glycogen is & much more branched molecule than
amylopectin. On hydrolysis it yields glucose units. T
14.6.3 Proteins p T
e Proteins are extremely complicated molecules of Iiil'_ll;lri Mﬂli‘,:l" M 'Ee&
nitrogeneous compounds made up of a variable number of amino acids. The hm w
Probably contains at least 10,000 different kinds of proteins. The name ﬂW‘Eh "'““'?.‘fh"*
ﬂlﬂGTeekWﬂrdpm{cingmmningﬂfpﬁmimpﬁﬂm- ";'v;‘ e
Proteins are present in all living organisms and without wlﬁ
Possible. They are present in muscles, skin, hair and other tissues that make up the bulk 0
body's non-bony structure, l
- Allproteins contain the elements carbon, hydrogen, oxygen
contain phosphorus and traces of other clements like iron, co
- @d zinc. Proteins are very high molecular weight macron
“cids upon complete hydrolysis. Thus proteins may b

Classification of Proteins

g 3




1 @ Macromolecules
! 1. Simple protiens 2. Compound or Conjugated proteins 3. Derived proteins

1. Simple Proteins

These proteins on hydrolysis yield only amino acids or their derivatives. For example,
albumins, globulins, legumin, collagen, etc. Globulins are insoluble in water but soluble in dilute
salt solutions. They are found in animals, e.g; lactoglobulin is found in muscles and also in plants.
Legumin and collagen proteins are present in the connective tissues throughout the body. They
are the most abundant proteins in the animal kingdom forming some 25 to 35% of body p!:utr.in.
2 Compound or Conjugated Proteins

In these molecules the protein is attached or conjugated to some non- protein groups
which are called prosthetic groups. For example; phospho-proteins are conjugated with
phosphoric acid, lipoproteins are conjugated with lipid substances like lecithin, cholesterol and
fatty acids.
3. Derived Proteins

This class of proteins includes substances which are derived form simple and conjugated
proteins. For example, proteoses enzymes, peptones, oligopeptides, polypeptides, etc.

Based on their functions, proteins may also be classified as regulatory or hormonal
proteins, structural proteins, transport proteins, genetic proteins, etc.
14.6.5 Structure of Proteins

The majority of proteins are compact, highly convoluted molecules with the position of
each atom relative to the others determined with great precision. To describe the structure of a
protein in an organism it is necessary to specify the three- dimensional shape that the polypeptide
chain assumes. Proteins assume at least three levels of structural organization.

(i)  Primarystructure (ii) Secondary structure

(ili)  Tertiary structures

| ; Some proteins also possess a fourth structure called the quaternary structure.
| 'I'he'suq!‘mncéoftheaminnacids combined in a peptide chain is referred to as the primary

| |

CH H,

[ ?

o H o

. T Pﬂllﬂdc"ﬂmofmmn acids near each
naltwisting and folding of the polypeptide chain results in

i

e
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thetertiary structure of proteins.
14.6.6 Denaturation of Proteins .

The structure of proteins can be disrupted easily by heat, change in PH and undex
strongly oxidizing or reducing conditions. Under such conditions the proteins undergo
denaturation. The most familiar example of denaturation is the nhangt: that ‘tlkﬂi place in
albumin, the principal component of egy white, when it is cooked. In this particular case the
change is irreversible.

14.6.7 Importance of Proteins

all ,I-
1. Proteins take an essential part in the formation of protoplasm which is the essence of | 11 {
forms of life.

heredity from one generation to the other. Pliee

3. Enzymes which are biological catalysts are protein in nature. Without them i Ly

possible. i [N
carrier Some I

4. Many proteins have specialized functmns Haemoglobin acts as a of Orm ; ". I :

Proteins act as hormones which have regulatory functions, forexample; insulin, thyroxine 'rl {

Z G = o H ﬁf 3
2, Nucleoproteins which are complexes of proteins with nucleic acids serve as carriers r

Industrially proteins have great importance. We are familiar with the use mc::{mﬂmmuie |
by tanning of hides. This is essentially a precipitation of the proteins with tannic _ i
Gelatin is obtained by heating bones, skin and tendons in water. It is used in hulnuy | {
goods. Caesein is another protein used in the manufacture of buttons and buckles. - { o
14.6.8 Lipids -~
Lipids (Greek, lipos means fat) are naturally occurring organic compounds "f“;:;
and plants origin which are soluble in organic solvents and belong to a very heterogeneous
of substances. ’ ory : .
Lipids have the following characteristics: | _
L. They are insoluble in water and soluble in nonpolar solvents, €.,
benzene, etc, |

ST DT R IR

3. Theyareutilized by the living organisms.
Fats and oils are the most important lipids found in

major “food factors” nwdedfnrhumanbody,the Wi :

Fatsmﬂﬂsmmdelydumhmedmmimiypu r-‘“_*_
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14.6.9 Sources of Fats and Oils

Fats and oils come from a variety of natural sources like animals, plants and marine
organisms. Animal fats are located particularly in adipose tissue cells. Butter and ghee are a
special type of animal fats which are made form milk. Vegetable oils are chiefly present in seeds

and nuts of plants. Marine oils are obtained form sea animals like salmons and whales, etc.
14.6.10 Structure and Composition of Fats and Oils

Animal and vegetable fats and oils have similar chemical structures. They are triesters
formed from glycerol and long chain acids called fatty acids.

. ‘ﬁ’
| CH—O0—C—R
; CH,—OH 0 o
| I i + 3H,0
GEOHNR C O —— > cu—o0—C—nR
! CH,—OH Fatty acid ‘ "ﬁ'
| " Glycerol CH,—0—C—R
| Tryglyceride
A triester of glycerol is called a triglyceride or glyceride. The degree of unsaturation of
| the constituent fatty acid determines whether atriglyceride will be a solid or a liquid.

* The glycerides in which long- chain saturated acid components predominate tend to be
solid or semi-solid and are termed as fats. On the other hand, oils are glycerol esters which
mﬁhmhiglurpmpornun of unsaturated fatty acid components.

e _ 0

— C—(CH),— CH—CH—(CH),— CH,  CH,—0— C— (CH,),—CH
(8]

. [
CH, CH—O—C—(CH),—CH,
CH,  CH—0— rlzu- (CH,),— CH,
| : 0
A fat

end on the extent of unsaturated fatty
€ have very low




14.6.11 Classification 0
Lipids are classified as:
L. Simple Lipids 2 L
These are esters of f: atty acids with glycerol. For example, common fats and oils. : i
2, Compound Lipids
These contain radicals in addition to fatty acids and alcohols and include glyccrol
Phospholipids, sphingolipids, lipoproteins and lipopolysaccharides.
3. Derived or Associated Lipids Bon,
They are the hydrolytic products of the above mentioned compounds. Sterols, vitamin D'
and terpenes belong to this class of lipids.
14.6.12 Physical Properties
I Oils and fats may either be liquid or noncrystalline solids at room lemperature.
2, When pure they arc colourless, odourless and tasteless. .
3 They are insoluble in watcr-and readily soluble in organic solvents like dldh?l clhej',
acctone, carbon tetrachloride and carbon disulphide.

i
|
|
|

% They readily form cmulsions when agitated with H, D in the presence of soap or ﬂﬂ:mr
emulsifiers. LY
o They are poor conductor of heat and ¢le-::tm:ityandth=mfﬂr¢servus exmﬂentm;l_l:tlatnjll‘ -
for the animal body. ™ _ F
9N
14.6.13 Chemmal Properties R : X

Triglycerides arc casily hydrolyzed by W Mﬂw S

glycerol,
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i
CH,—0—C—R CH,OH
0 | 0
| Lipase L 5ot
CH—O0—C—R + 3NaOH ——— CHOH + 3R—C—ONa
? |
CH,—0—C—R CH,OH
Tryglyceride " Glycerol

3. Hardening of Oils
Unsaturated glycerides react with hydrogen in the presence of a nickel catalyst to give
saturated glycerides. The result is the conversion of a liquid glyceride (an oil) into a semi-solid
glyceride (a fat). ;
] This reaction is used commercially to harden vegetable oils for the production of
| vegetable ghee or margarine. Hardened oils are also extensively used for making soaps and
il

CH,—0— C— (CH,),— CH— CH—(CH,),— CH,
0
Il _
| T‘H—.&——-c—- (CH;),— CH=CH—(CH;— CH, + 3H, ——»

‘ ~ CH—0—C—(CH,),— CH=CH—(CH,,— CH,

;.l : k—‘ Mﬂi D
Jigk ’v'& e : Glyeeryl trioleate (an oil)

5 . [
. CH:._ o= C— (CHI}“_ CH!
O

|
CH — 0— C— (CH,),— CH,

.. .i -
! "&—.«:‘ﬂt’* -

CH,

CH,—0— %— (CH,),—
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14.6.15 Rancidity of Fats or Oils Eifeiee

- Fats or oils are liable to spoilage and give off an odour known as mncldlt?“hmliﬂ?
caused by the hydrolytic or oxidative reactions which release foul smelling aldelydes 'ﬂdw ‘
acids. Oils from sea animals which contain a relatively high proportion uf-unmﬁ-lﬁﬁ;- -
chains deteriorate rapidly.

-

h i
14.6.16 Iodine Number : : g : f
The extent of unsaturation in a fat or an oil is expressed in terms of its de“n“mh"::: 18
defined as the number of grams of iodine which will add to 100 grams ﬂf*ﬁfm"“ﬂ""‘_‘. £ ;: :
of iodine number depends on the number of double bonds present in the acid component of e
glycerides. The glycerides with no double bonds have zero iodine number.
14.6.17 Acid Number : : R 1 ot i
The acid number of a fat or an oil indicates the amount of free fatty acids Pmmlt'“*: :
expressed as the number of milligrams of potassium hydroxide required to mmﬂ-‘? -
of fat, e
14.6.18 Steroids s L
Steroids are naturally occurring lipids. Their parent ‘?ﬁ by
nucleus has perhydrocyclopentanophenanthrene component ﬁ'ﬂ-
Which consists of three six- membercd Aings (A, Band C)and
one five-membered ring (D). These rings are joined or fused |
to cach other and have a total of 17-C atoms. Very mﬂ
variations in the bonding of atoms in the ring and in the
Efoups attached to them give rise to compounds that are = ::
remarkably diverse in their biological functions. 3 _-_' : o
Some of the natural occurring compounds HD“EWE R == 2
to steroids are cholesterol, ergosterol, male and female sex
hormones and the hormones of the adrenal cortex.
L. Cholesterol

 Itis the most abundant animal sterol and occurs i

o
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CH, CH,

AN

|
E=GH—CH— CH— CH—CH,

Structure of Cholesterol

3. Phospholipids

Phospholipids are molecules of enormous biological importance. In the compounds,
two of the hydroxyl groups are esterified with fatty acids and third forms a link with phosphoric
acid oraderivative of phosphoric acid.

14.6.19 Importance of lipids

1. They are good source of energy and make the food more palatable.
They exert an insulating effect on the nervous tissues.

They are good energy reservoirs in the body.

Lipids are an integral part of cell protoplasm and cell membranes.

SAL W g Ly

Some lipids act as precursors of very important physiological compounds. For example,
cholesterol is the precursor of steroid hormones.

14.6.20 Enzymes

Enzymes can be defined as the reaction catalysts of biological systems produced by
living cells and are capable of catalyzing chemical reactions. Typically enzymes are
macromolecules with molecular masses ranging into millions. Two remarkable properties of
enzymes are their extraordinary specificity — each enzyme catalyzes only one reaction or one
group of closely related reactions—and their amazing efficiency — they may speed up reactions by
factors of upto 10™. Each enzyme molecule possesses a region known as the active site and the
substrate binds itself with this active site. Enzymes are either pure proteins or contain proteins as
essential components and in addition require non-protein components which are also essential
for their activity.

Th;mmiﬂmmponﬁﬂlofthemzymnismuedap&nzymmdthunm—pmmin
component is called the co-factor or co-enzyme. The co-factors include inorganic ions and




i
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complex organic or metallo-organic molecules. Important inorganic co-factors alongwith their : 1.!
respective enzymes include Fe''{chrome oxidase) Zn"'(carbonic anhydrase) and M;"' (glucose ,q l
6- phosphatase), cic. Many enzymes contain vitamins as their co-factors, for example; NI |
nicotinamide adenine dinucleotide contains nicotinamide vitamin and thiamine - il
Pyrophosphatase contains vitamin B,. While naming the enzymes, suffix-“ase” is added to the 1 Ui
name of the substrate on which the enzyme acts, for example, urease, sucrase, cellulase are the. 1 o
enzymes, which act upon the substrates urea, sucrose and cellulose respectively. MRS

14.6.21 Classification of Enzyme |
The commission on enzyme, appointed by the International Union “fﬂlm | .f. , :

(IUB) classified enzymes into six main types. 0 _

1. Oxidoreductases el : ' 3 e
These enzymes catalyze oxidation-reduction reactions. Common examples are oxidase, ; i J |

dehydrogenase and peroxydase. "

2. Transferases ' |

These enzymes bring about an exchange of functional group such as phosphate or acyl
between two compounds. For example: phosphn—tmnsfemm etc.
3. Hydrolases

These enzymes catalyze hydrolysis. They ,mludepmmcaﬂedmhlﬂﬁ P
- -' -

4. Lyases
These enzymes catalyze the addition of ammonia, water or carbon dioxide
bonds or removal of these to form double bonds, for exnmplephuﬂyha-ﬂ?ﬁm:»‘

5. Isomerases £ 4 s .-e?*: -
These enzymes catalyze the transfer of groups within :
of the substrate, An example is the conversion ofﬁm“md mm&ﬁf ; s
fumarase enzyme.
6. Ligases
* These enzymes link two molecules together
forexample; acetyl—S— COH, aculbnx]rlns:md
14.6.22 Properties of Enzymes -
If_ Specificity
- Enzymea are specific in mau'
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actin vivo as well as in virro.
3. The Direction of Enzyme Reactions

Most enzymatic reactions are reversible, i.e., the same enzyme can catalyze reactions in
both directions.
4. Isoenzymes

These are the enzymes from the same organisms which catalyze the same reaction but
are chemically and physically distinct from each other.
14.6.23 Factors Affecting Enzyme Activity
1. Enzyme Concentration

The rate of an enzymatic reaction is directly proportional to the concentration of the

substrate. The rate of reaction is also directly proportional to the square root of the concentration
of enzyme, It means that the rate of reaction also increases with the increasing concentration of
enzyme.
2. Temperature
The enzymatic reaction occurs best at or around 37°C which is the average normal body
temperature. The rate of chemical reactions is increased by a rise in temperature but this is true
only over a limited range of temperature. The enzymes usually destroy at high temperature. The
activity of enzymes is reduced at low temperature. The temperature at which an enzyme reaction
occurs the fastest, is called its optimum temperature,
3. EffectofpH
Just like temperature, there is also an optimum pH at which an enzyme will catalyze the
reaction at the maximum rate. For example, the optimum pH of salivary amylase is 6.4 t0 6.9.
4. Other Substances
The enzyme action is also increased or decreased in the presence of some other
substances such as co-enzymes, activators and inhibitors. For example, some enzymes consist of
simple proteins only such as insulin. Most of the enzymes are, however, the combination of a co-
enzyme and an apo-enzyme. Activators are the inorganic substances which increase the enzyme
activity. For example; Mg" and Zn" ions are the activators of phosphatase and carbonic
anhydrase enzymes respectively, Inhibitors are the substances which reduce the enzyme activity.
5, Radiation : ;
Generally enzymes are readily inactivated by exposure to ultraviolet light, beta rays,
glmmarayumd X-rays.
14.6.24 Importance of Enzymes
- Enzymes are of great biological importance and are of great help in the diagnosis of
WM Some examples are, alkaline phosphatase is raised in rickets and obstructive
drogenase or LDH-1 is raised in heart diseases. Many enzymes have proved

- o ol ]
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very usclul as drugs. For example; thrombin is used locally to stop bleeding. Many enzymes are
used for cancer treatment, for example, L-asparaginase has proved very useful in the treatment of
blood cancer in children.
14.6.25 Nucleic Acids

Nucleic acids were first demonstrated in the nuclei of pus cells in 1868 and in sperm
heads in 1872 by Friedrik Miescher. They are present in every living cell as well as in viruses and
have been found to be the essential components of the genes. They contain in their structure the
bluc-prints for the normal growth and development of each and every living organism. The
nucleic acids are responsible for the two fundamental functions which are common to all living
organisms. These are (a) their ability to reproduce, store and transmit genetic information and (b)
to undergo mutation. Two types of nucleic acids have been discovered, deoxyribonucleic acid
(DNA) and ribonucleic acid (RNA). In the body nucleic acids occur as part of the conjugated
proteins called nucleoproteins. The nucleic acids direct the synthesis of proteins. Canmr
research involves an extensive study of nucleic acids. e

14.6.26 Components of Nucleic Acids

Both DNA and RNA are formed by joining
together a large number of nucleotide units or
mononucleotides units, each of which is a nitrogenous
base sugar phosphoric acid complex.

" Nitrogenous bases are either purine or
pyrimidine derivatives. Purines include adenine and
guanine whereas pyrimidines include, cytosine, uracil and thymine.. A nucleoside is a
combination of nitrogenous base (purine or a pyramidine) with a sugar (ribo or deoxyribose).
Depending upon the presence of ribo or a deoxyribo, nucleoside can either be a ribonucleoside
or deoxyribonucleoside. Dexoyribonucleic acid (DNA) carries the genetic information and
ribonucleic acid (RNA) is involved in putting this information to wurkmﬁeonll They differ in
three ways. Y
I. ThesugarmRNﬂ:snbmewh:lethesugumDHABZMﬁbou%
2. Four different bases are found in DNA cytosine (c), thymine (TJ,: line

guanm:{G] InRNA, mymumdwnntmurmﬁmplm“ tnk’pli ac

DNA is nearly aiways duubl:stm:ded,whﬂuliﬂhmumlh' 1

3.

Francis Crick in 1953, This wns Hm_-dimqtﬁnt
Watsnnandﬂncknuﬁmd‘ﬂmmm ded stru




| KEY POINTS

1 1. Macromolecules are large molecules built up from small units called monoimers.
2. The organic macromolecules are biological and non- biological in nature.
3. Biological macromolecules are called life molecules and non-biological are manmade
synthetic polymers.
4. The polymer chains may be linear, branched or cross-linked.
S}, A thermoplastic polymer is one which can be softened and hardened by heating and
cooling respectively.
6. » AEhermmettmg polymer is one which becomes permanently hard on heating.
‘ 7 '@%Eq_lymerimﬁﬂn process involves addition and condensation reactions.
| 8. ’I‘hu:fomlahun of polyethene is an example ol addition polymerization.
LE Nylon, n"}'inijamide and terylene, a polyester, arc examples of condensation polymers.

10. Carbohydrates, proteins, fats, and nuclei acids are natural macromolecules.
| 11. Gubuhydrates are the most abundant biomolecules on earth. They are classified into
| __ monosaccharides, oligosaccharides and polysaccharides.
12.  Proteins are the essential components of all living organisms. They are the polymers of
% ‘amino acids.
13.  Lipids are naturally occuring organic compounds of animal and plant origin and they are
soluble in organic solvents. Fats and oils are the most important lipids found in nature.
.'.l4. .Enzymes are proteins that catalyze chemical reactions in living organisms. They are

cintheiraction. -
EXER_CISE

and hexamethylene diamine.
tties, plastics are dividedinto main classes.



(ii)

(iii)

(iv)

v)

(vi)

- .
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1

- (b) the fractional distillation of crude oil r

Fructose is a polysaccharide carbohydrate.

Human beings get no food nutrient from cellulose.

The most abundant and the most important steroid in the human body is vitamin D.
Enzymes are the compounds containing C, H and O only. I
The degree of unsaturation of fats is measured by their iodine number. . '
Activity of an enzyme varies with temperature and pH. 3 |
Nucleic acids are biological catalysts. A |
The nucleic acids are responsible for protein synthesis in the human bnd}r $ 1'
Multiple choice questions. Encircle the correct answer. |
In which of these processes are small organic molecules made into macromolecules?

(a) the cracking of petroleum fractions 3

(c)  thepolymerization of ethene
(d) the hydrolysis of proteins \ {
Which of these polymers isan addition polymer? _ |

(a) nylon-6,6 (b) polystyrene  (c) terylene (d) epoxy resin

Which of these polymers is a synthetic polymer?

(a) animal fat (b)  starch .

(c) cellulose (d) polyester - |
Plastics are a pollution problem because many plastics: - i B
(a)  arcmade from petroleum Y - ~ '
(b)  arevery inﬂm:tlmable ‘ P o Lt

(c) burn to produce toxic fumes 7:0 - A

(d) decompose to produce toxic products "&x sw; (IR Y

The fibre whichis mndefrumamjrlommleasmmmer '

il -

(a): "EPVE (b))  rayonfibre :
(¢)  acrylicfibre  (d) pu'lyestﬂrﬁhm’

"'I

. Apolymeric substance that is formed in the liquid state andi;hEn hards ,. dtoar | 5¢

is called a:
(@)  fibre ®  plas
(ﬂJ' vnmi'ah (4); po




(i)

o
Q-6

Q3

ii

- (©

ir-lT

Which one o f'the following nitrogeneous bases is not present in RNA:

(a) cytosine (b) adenine (c)  thiamine  (d)  wracil
Which one of the following enzymes brings about the hydrolysis of fats?
(_Ij urease (b) maltase (c) Zymase (d) lipase
The reaction between fatand NaOH is called:
(a) esterification (b)  hydrogenolysis
(c)  fermentation . (d)  saponification
‘a"{h.mh one of the following statements about glucose and sucrose is incorrect?
‘-(a) ° botharesolublein water (b)  bothare naturally occurring
{a)' w&mcarbnhydmms (d)  bothare disaccharides
Explam,theﬁullnrwmgtelms
(a) Adgquonpo!ymﬂ (b)  Condensation polymer
oplas (d)  Thermosetting plastic
Write notes on: ‘
()  Polyesterresins (b) Polyamide resins (¢)  Epoxyresins

Whatis the repeating unit in each of the following polymers?
(@)  polystyrene (b)  nylon6,6 () teflon (d) orlon
Whatare carbohydrates and how are they classified?

Point outone difference between the compounds in each of the following pairs.
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COMMON CHEMICAL INE ,
IN PAKISTAN

In this chapter you wlﬂ lé’qrn "-’FW

A brief description of the processes alongwith flow sheet diagrams and the reactions mwlwdtﬂ‘lﬁgi‘:
important industries like fertilizers, cement and paper. o MPRRR s T

!

15.1 INTRODUCTION
Pakistan had an almost negligible industrial base at the time of its creation in 1947. For
the past 55 years the country has undergone a structural change from a purely agrarian economy
to a semi-chemical industrial state. Pakistan has developed most of the consumer goods
industries. Heavy industries like iron, fertilizer, cement and paper are also on the road to
development. The natural resources are being exhausted with growing population and increasein
the standard of living all over the world. To meet this situation the scientists and technologists are
busy in the development of the substitute materials from cheaper and reusable sources, e.g., the
natural fibres like cotton, silk, wool cannot meet the clu!hmg mqmmments of the world,
therefore, scientists have developed the artificial fibres. Similarly, crop yield has been increased
by the development of the fertilizers, pesticides and herbicides to meet the world fboil
requirements. All these materials require their chemical pmparahun on ;nﬂah‘uﬂ sﬂlﬂ. Infa.ct
the magnitude of chemical industry of a countd is a measure of its mm : developmen
progress. Different chemical industries such as fenthzer. cement and paper a }g’ﬁl ““ g v&y": \
»

fastin Pakistan. ' e I

152 FERTILIZERS 7y AR -‘:*"““A’A.;. ﬁ«-

15.2.1 Early History | Al 4 ) . *‘i s et AL
Agriculture hnsbmnnm‘.nf thu u[dnat mdustrykﬁuﬂn-tﬁ i

?hntnutrxenmiup



Common Chemical fndustries in Pakistan

potassium are considered to be the most important nutrients essential for plant growth. The
elements, like sulphur, magnesium and calcium are considered of secondary importance.
15.2.2 What are Fertilizers?

Fertilizers are the substances added to the soil to make up the deficiency of essential
elements like nitrogen, phosphorus and potassium’(NPK) required for the proper growth of
plants. Fertilizers enhance the natural fertility of the soil or replenish the chemical elements taken
up from soil by the previous crops.

15.3 ELEMENTS ESSENTIAL FOR PLANT GROWTH

Plants need nutrients from the soil for a healthy growth. The elements essential for the
plant growth can be classified as micro-nutrients and macro- nutrients.
15.3.1 Micro-nutrients (Trace elements)

The nutrients which are required in a very small amount for the growth of plant, are
called micro-nutrients. These include Boron, Copper, Iron, Manganese, Zinc, Molybdenum and
Chlorine. Only minute amounts of these elements are needed for healthy plant growth and it may
be dangerous to add too much quantity because they are poisonous in larger quantities. These are
generally required in quantities ranging from 6 grams to 200 grams per acre.

15.3.2 Macro-nutrients

The nutrients which are required in a large amount for the growth of plants, are called
macro-nutrients. These include Nitrogen, Phosphorus, Potassium, Calcium, Magnesium,
Sulphur, Carbon, Hydrogen and Oxygen. These are generally required in quantities ranging from
5kgto200 kg peracre.

15.3.3 Requirement of a Fertilizer

Every compound of the desired elements cannot be a fertilizer. The desired elements
should be present in the compound in a water soluble form (so that the plant can take it up) readily
available to the plants. The compound employed as fertilizer should be stable in soil as well as in
storage, ¢.g., it should not be deliquescent or set to hard stony materials with time. Above all it
should be cheap to manufacture, :

15.3.4 Essential Qualities of a Good Fertilizer
The essential requisites of a good fertilizer are:

| The nutrient elements present in it must be readily available to the plant.

2 It must be fairly soluble in water so that it thoroughly mixes with the soil.

3, It should not be injurious to plant.
4, It should be cheap.
5 It must be stable so that it is available for a longer time to the growing plant.
6 It should not alter the pH of the soil.
By rain or water, it should be converted into a form, which the plant can assimilate easily.

.
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154 CLASSIFICATION OF FERTILIZERS
Fertilizers are classified according to the nature of the elements like nitrogen,
Phosphorus and potassium which they provide to the soil. This classification gives the following
types of fertilizers.
i) Nitrogeneous fertilizers i) Phosphatic fertilizers
iii) Potassium fertilizers
15.4.1 Nitrogeneous Fertilizers
These fertilizers supply nitrogen to the plants or soil. Nitrogen is required during the
carly stage of plant growth for the development of stems and leaves. It is the main constituent of
protein, imparts green colour to the leaves and enhances the yield and quality of the plants. Some
of the examples of nitrogen fertilizers are: - ammonium sulphate, calcium ammonium nitrate,
basic calcium nitrate; calcium cyanamide, ammonia, ammonium nitrate, ammonium phosphate,
ammonium chloride and urea.
(i) Ammonia (NH,) as a Fertilizer
Ammonia is used in liquid state while all the other ibrtlh.zers are used in the solid form.
All the nitrogen fertilizers except calcium nitrate, sodium nitrate and potassium nitrate make the
soil acidic but this &idity can easily be controlled through liming of the soil (by the addition of
lime) at regular intervals, liquid ammonia has become an important fertilizer for direct
application to soil. It contains 82% nitrogen and it is injected about 6 inches under the surface of
s0il to avoid it from seeping out.
(i)  Urea(NH,-CO-NH)
Urea is a high quality nitrogeneous fertilizer. Itmnums about 46% nitrogen and is the
mosl concentrated solid nitrogen fertilizer. It is the most mdaly used nitrogen fertilizer i in
Pakistan.

Manufacturing Process
Ummpmducedbyﬁmmmmothmdmamth d:m:da.
Following steps are involved in the manufacture of urea.
i) Preparation of Hydrogen and Carbon dioxide
iii) Preparation of Ammonium Ca:‘bumate
v) Concentration of Ut a 87

Prepmﬂnnnt.&mmnlmﬂlﬂr'amﬁg g:_': o

" 1.7445 El =8 |
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.h':phraﬂnn of Urea

Dehydration ofammonium carbamate gives urea.

0]
i

| NH,—C—ONH, —— NH,—C—NH, + H,0

% Urea

Concentration of Urea Solution

The urea solution is concentrated in an evaporation section where water is evaporated by
_hum:lg with steam under vacuum in two evaporation stages whereby 99.7% urea melt is
obtained. .ﬁ lsthmpumped to prilling tower.
Prilling

The molten urea is sprayed at the prilling tower by means of prilling bucket where it is
«cooled by the air rising upward. Molten droplets solidify into the form of prills. Urea prills thus
- produced are either sent to the bagging section or to the bulk storage, Fig. 15.1.

AN Vwd . PN & :

R R R R R R RS

Two stage
Urea synthesis evaporation/
| condensation

| m“ _mlﬁllﬂtl tion reaction between ammonia and nitric acid as
Y ghects amm n‘ “_Iw‘

3 =i 'HH‘NUIW i

1e solid ammonium nitrate is melted.and
dried by an upward current of air.
) Mmﬁ-ee of dust, casy
'tro;m.lhsg -'
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stimulate early growth, to accelerate the seed and fruit formation during the later stages of
growth. It also increases resistance to diseases. The various phosphatic fertilizers have different
compositions, due to which they have different solubilities. The two most important water
soluble fertilizers are super phosphate (calcium super phosphate)Ca(H,PO,), and triple
phosphate (diammonium- phosphate (NH,),HPO,.

(i) Diammonium Phosphate (NH,),HPO,
This compound of fairly high purity is prepared by continuous process that consists of
reacting anhydrous ammonia gas and pure phosphoric acid at 60 - 70 °C and pH 5.8 - 6.0.
2NH, @+ H,PO,() ——— (NH,),HPO, + Heat
It is an exothermic reaction. The heat of reaction vaporizes water from the liquor and the
crystals of diammonium phosphate are taken out, centrifuged, washed and dried. It contains 16%
nitrogen and 48% P,0,. This product contains about 75% plant nutrients and is deemed suitable
for use either alone orin mixed with other fertilizers.
15.4.3 Potassium Fertilizers
These fertilizers provide potassium to the plant or soil. Potassium is required for the
formation of starch, sugar and the fibrous material of the plant. They increase resistance to
diseases and make the plants strong by helping in healthy root development. They also help in
ripening of seeds, fruits and cereals, Potassium fertilizers are especially useful for tobacco,
coffee, potato and corn.
(i) Potassium Nitrate (KNO,) .
On industrial scale, it is prepared by the double decomposition reaction between sodium
nitrate and potassium chloride.
NaNO,sq) + KClag —> NaClag + KNO,()

A concentrated hot solution of sodium nimtﬂmpmpamdmdmhdpom chimdms
added into it. On heating, the potassium chloride crystals change into sodium chloride crystals,
and the hot potassium nitrate is run through the sodium chloride Wﬂt ﬁehaﬂnm nf*ﬂm..
kettle. A little water is added to prevent further deposition of sodium ¢ w— ide %I; e solution is
cooled, which results into a good yield of pale yellow solid potuﬁum-gl_ ate, It
nitrogen and 44% potash. -ﬂ"'?'-q‘ ]
15.4.4 Fertilizer Industry in Plklltll iy 4

Pakistan is essentially an agricultural ::onﬁryingc!uéh
agricultural mmmod.iﬁu and to uumpmlttfm' :
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fertilizers. The total production of urea fertilizer in 2002 in Pakistan 1s about 56,30,100 metric
tons/ annum

15.5 CEMENT
15.5.1 Early History

Cement is a very important building material which was first introduced by an English
Mason Joseph Aspdin. He found it when strongly heated mixture of limestone and clay was
mixed with water and allowed to stand, it hardened to a stone like mass which resembled Portland
rock; a famous building stone of England. Since then the name of Portland Cement is given to
the mixture of lime (obtained from limestone), silica, iron oxide and alumina. This was the start
of Portland cement industry, as we know today. The cement is now low in cost, as it is applied
everywhere in the construction of houses, public buildings, roads, industrial plants, dams,
bridges and many other structures.

15.5.2 Definition

Cement is the material obtained by burning an L 2%
intimate mixture of calcarious and argillaceous | Lime (CaO) 62
mfaterials at suﬂicif:ntly high temperature to produce | silica (Si0,) 22
clinkers. These -:Ilfﬂcers are then gm}}nd to a ‘ﬁne Alumina (ALO,) 15
powder. The essential constituents are lime (obtained
from limestone) silicaand alumina (presentinclay). | Magnesia (Mg0) 2.5
15.53 RawMaterials e b AR Fod

The important raw materials used for the Sulphur trioxide (SO;) 1.5
manufacture of cement are: Sodium oxide (Na,0) 1.0
L Calcarious material [li'mtstunf:. marble, Potassium oxide (K,0) 1.0

chalks, marine shell) as source of CaO.
2t Argillaceous material (clay, shale, slate, blast furnace slag). They provide acidic

components such as aluminates and silicates,
iy Other raw material being used is gypsum.
15.5.4 Manufacturing Process of Cement
The manufacturing process of cement involves either a dry process or a wet process. The
choice of dry or wet process depends on the following facturs
1. Physical condition of the raw materials.
% Local climatic conditions of the factory.
3. The price of the fuel, :
In Pakistan most of the factories use wet process for the production of cement. Dry
wmedsmlm fine grinding and it is more suited for the hard material, Wet process, on
the other hand, is free from dust, grinding is mmrmd the composition of the cement can easily

becontrolled.
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15.5.5 Wet Process

In this process grinding is done in the presence of water. There are five stages in the
manufacture of Portland cement, Fig. 15.2.

Crushing and grinding of the raw material.

|
2 Mixing the material in correct proportion.
3 Heating the prepared mixture in a rotary kiln. .
4. Grinding the heated product known as clinker. ;'
5 Mixing and grinding ol cement clinker with gypsum. &
| Crushing and Grinding
Solt raw materials are first crushed into a suitable size, often in two stages, and then
ground in the presenee of water, usually’ in rotating cylindrical ball or tube mills containing a
charge of steel balls.
Z. Mixing of Raw Material : ;
The powdered limestone is then mixed with the clay paste in proper proportion
(limestone 75%. clay 25%): the: mixture is finely ground and made homogeneous by means of
compressed airmixing arrangement. The resulting material is known as slurry. The slurry, which
contains 35 to 45% water. is sometimes filtered to reduce the water content from 20 to 30% and
the filler cakes are stored in storage bins. This reduces the fuel consumption for heating stage.
3. Heating the Slurry in a Rotary Kiln
Raw meal or slurry prepared as above is introduced into the rotary kiln with thehel;_:_ ofa ‘
conveyer. The rotary kiln consists of a large cylmder §10 15 feet in diameter and 300— 500 feetin 1

length. [t is made of stecl and is lined inside with fi “ﬁ% The hhlmh§ hereonalys
axis at the rate of 1 -2 revolution per minute and it is inc a&wdﬂw As the kiln rota
charge slowly moves downward due to the rotary motion. Now:!

coal, oil or natural gas. In the rotary kiln the charge
lemperature where different reactions take place. The m :
Journey inthe kiln.

(1)  Drying or Pre-heating Zone (Minimum te
In this zone the temperature is kept at 500°C,
clay is broken into ALO,, Si0,, and Fe,0,.

(b)  Decomposition Zone (Moderate ten

into[iml:{(l‘n_@] andQQ,'
(o o
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(d) Cooling Zone

This is the last stage in the kiln where the charge is cooled up to 150-200°C.
(iv)  Clinker Formation

The resulting product obtained from the kiln is known as cement clinker. This has the
appearance of greenish black or grey coloured balls varying in size from small nuts to peas.
(v) Grinding the Clinkers with Gypsum

The cement clinkers are then air-cooled. The required amount of gypsum (2.0%) is first
ground to a fine powder and then mixed with clinkers. At this stage finished cement is pumped

. pneumatically to storage silos from where it is drawn for packlng in paper bags or for dispatch in

bulk containers.
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(hydration) and forms a colloidal gel of the composition, 3 Ca. AL O,. 6H,0, (hydrated tricalcium
aluminate). This gel starts crystallizing slowly, reacts with gypsum (CaSO,. 2 H,0) to form the
crystals of calcium sulpho-aluminate (3Ca0.Al,0,.3CaS0,.2H,0).
(ii) Reactions Taking Place Between 1 to 7 Days

Tricalcium silicate (3Ca0.Si0,) and tri-calcium aluminate (3Ca0.ALO,) get
hydrolyzed to produce calcium hydroxide and aluminium hydroxide. The calcium hydroxide,
thus formed, starts changing into needle-shaped crystals, which get studded in the colloidal gel
and impart strength to it. Aluminium hydroxide, on the other hand, fills the interstices resulting in
hardening the mass. The gel formed starts losing water partly by evaporation and sets to a hard
mass.
15.5.7 Cement industry in Pakistan

At the time of partition in 1947, there were four cement plants in West Pakistan, which
produced about 330,000 tons of cement every year. However, in 1954 the production of cement
went up to 660,000 tons, In 1956 two more cement factories were set up at Daud Khel and
Hyderabad, but even then the production of cement was not enough to meet the increasing
demand of the construction industry in the country.

For a developing country like Pakistan there is always an increasing need of cement for
development projects. Efforts were thus made to build more factories. At present there are about
22 cement factories in private as well as in public sectors, which are manufacturing cement both
by dry and wet processes. The total production of these 22 cement plants is 9,578,802 metric
tons/annum,

15.6 PAPER INDUSTRY
15.6.1 Early History -

The word paper is derived from the name of a reedy Rlnnt Papyrus, which grew
abundantly along the marshy delta of the River Nile in Emmémdm
modemn paper is credited to Ts'ai Lun of China, who, in 105'A.D
Imperial Court of China. He pfepareduhntnfpnperuam&

.
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Nonwoody Raw Materials = Woody Ras Material
{1) Wheat straw (v) Cotton stalk (i) Popler (hard wood)
(ii) Rice straw {wii) Cotton linter (i) Eucalyptus (hard wood)
(iii) Bagasse (viii) Kahi grass (1ii) Duug!;«ts fir (soft wood)
(iv) Bamboo (ix) Grasses
(v) Rag

15.6.4 Fulping- Processes

The following are three principal methods of chemical pulping and are used for the

production of paper pulps.

13 Kraft process (Alkaline)

2, Sulphite process (Acidic)

3. Neutral sulphite semi-chemical process (NSSC)

The neutral sulphite semi chemical process has come to occupy the dominant position
because of the advantages in chemical recovery and pulp strength. In this section, we will discuss
only the neutral sulphite semi chemical process, which is mostly used in pulp and paper industry
in Pakistan.

15.6.5 Neutral Sulphite Semi Chemical Process
Process Description '

This process utilizes sodium sulphite cooking liquor which is buffered with sodium
carbonate or NaOH to neutralize the organic acid liberated from the raw materials. The non-
woody raw materials which are used in this process are wheat straw, rice straw, bagasse, cotton
linter and rags. Wheat straw may be used alone or combined with other materials in different
proportions. The essential steps in the process are as follows Fig. 15.3.

i Cutting of the raw materials ii. Dry cleaning -

iif. Wet cleaning ‘ iv. Screening

V. _Digﬁtiun Vi, Blow tank

vii.  Pulp washing viii.  Bleaching

ix. . Papermaking machine z Stock preparation plant

«i)  Cutting of Raw Materials

The non-woody raw materials come in the precut state and are processed as such. Butin
the case of wood based raw materials, big logs are cut into small chips before further processing.
(i)  Dry Cleaning
' Wheat straw is collected from the storage and is then sent for dry cleaning. For this
PIW”" i:blmmmtuﬁemwmmml, whmh mmunwmhdparuclm
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(iii) Wet Cleaning

f’r.‘.-' wheat straw is then subjected to wet cleaning, which not only.removes the
remaining dust particles, but the soluble materials also get dissolved in water.
(iv)  Screening

In most pulp and paper processes some type of screening operation is required to remove
the oversized troublesome and unwanted particles. Magnetic separator removes iron pieces like
nails and bolts, etc. Stones and other oversized pieces are removed by centricleaners. The major
types of chest screens are vibratory, gravity, and centrifugal. The material is then sent to wet silo.
(v) Digestion

From wet silo, the material is sent to digester. The digester is usually 10 meters in length
and 2 meters in diameter. It is made of steel and wrought iron. This is the main unit of the process.
The digestion process can be either batch or continuous. In our country batch process is mostly
used. ,

As the raw material enters into the digester, steam is introduced at the bottom and 2
liquor containing sodium sulphite is injected simultaneously to cover the raw material. Sodium
sulphite used is buffered with sodium carbonate or sodium hydroxide to maintain its pH 7-9. The
digester is closed carefully, It is revolved at 2.5 RPM and a temperature of 160- 180°C is
maintained. The digester takes 45 minutes to attain the desired temperature after which it gets
switched off automatically and pressure is released.

(vi)  Blow Tank ’ N .

The cooked material from the digester is blown into a blow tank and then pumped to a
centrifugal screen for the separation of cooked from uncooked materials.
(vii)  Pulp Washing

The cooked material from the blow tank is washed thoroughly with water using 80-
mesh sieve to remove the black liquor that would contaminate t?a&‘?"-ﬂ? d'-‘-"-“E subsequent
Processing steps. The pulp is washed with required amount of water to remove soluble ligninand .
coloured compounds. Lignin is an aromatic pﬂlymerandcausﬁpapumbmnﬁﬂm}a. Itisthen
thickened and finally stored in high-density storage tower. &,
(vili)  Bleaching

The pulps obtained from chemical pulping are brown: mmwfmunm
Printing and writing papers which require a bright white pulp. The colour of these f
due to residual l| gnin. Thesl: putps are then smttoblnauhmgmm. o B

-mﬂdhiftm-wuhmg,th&:_
Muremuymwdfmﬂicflln &
¢ the goos
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Pulp ready for
% - Washing and bleach > rl'l;::lr brown
thickning varieties of paper

L
N
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1Fig. 153: Flow :Imet diagram for neutral sulphite semi-chemical process

achieve the required brightness. Afler chlorination pulp is washed with hot water at 60°C and is
then sent to the storage tank. Pulp is dried with hot air supply. After drying the pulp is ready for

manufacturing of paper.
([i) Stock Preparation Plant
- There are three important stages in the treatment of the pulp prior to its delivery to the
Mmkhgnfwhma Thuﬁratmﬂlu dispersion of the pulp as a slurry in water, the second is the
ng or beating oﬁﬁn;ﬁbm to develop appropriate physical and mechanical
 being made and the third is the addition of chemical additives end
vaste pa "_p]mw:hmofmmn from here.




(x) Paper Making Machine

A basic Fourdrinier type machine is used for paper making and a brief dmnpunnuf its
major components is given below Fig.154.

? ] i
Head box Calender 3
Fourdrinier table sinck
Flow i )
spreader -
)
3 L]
Reel

!sm l’/ €% et

Whitc waler

6-8% moisture

Fig:.15.4 Fourdrinier paper making mac}ﬁne

(a)  FlowSpreader

The flow of spreader takes the plup and distributes it evenly across the machine ﬁ'um
back to front. Consistency of the stock is below 1%.
(b) Head Box

The pressurized head box discharges a uniform jet of pulp suspension on a fabric where
special suction devices work for the removal of water.
(©)  Fourdrinier Table i

The endless, moving fourdrinier fabric forms the ﬁl:rre into a continuous nnmd web
while the fourdrinier table drains the water by suction forces. -
(d)  Press Section

The paper sheet is conveyed ﬂ:mughamufmﬂ S5ES W
removed and the web structure is cnrnsuhdatﬂd (i.e. thaﬁbmamfbrcg!‘

(e) Dryer Section

rotary drum, Wamlssapm'atedﬁ'nmtheﬁbmmthubysmﬂm
heating. ,
()  Calendar Stock ' B4

Tﬁeshumca!cndmdﬂ:mughwmofmﬂmpu turedm h ‘4..
Surface, i M‘FLWH G
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25000 tons of pulp and paper products per year and all ol these were imported from abroad at a
cost of 25 million rupees. The start of the paper industry in our country was very slow because of
various reasons, amongst the major ones being the non-availability of suitable fibrous raw
material. Due to high prices of paper in Pakistan its per head consumption is among the lowestin
the world. Paper consumption in Pakistan is around 5 kg per person per year. To make our country
self-sufficient in this important commodity, we must utilize every source of raw material like
non-woody and woody. Fortunately, Pakistan has enough source of non-woody material, which
in future can meet the requirements of our pulp and paper industry. The efforts are being made to
install more pulp and paper industries in the country.

Atpresent there are more than 30 pulp and paper industries in private as well as in public
sectors, which are manufacturing pulp and paperboard.

_ KEY POINTS

1. Agriculture has been one of the oldest industries known to man. Since 5000 B.C.
Chinese have been using animal manure in their fields.

2 Fertilizer is the natural or artificial substance containing the chemical elements that
improve growth and productiveness of plants.

3. Natural fertilizers are materials derived from plants and animals whereas artificial
fertilizers consist of manufactured material like urea, super phosphate and ammonium
nitrate, etc.

4. Synthetic fertilizers are mainly used for making up the immediate deficiency of essential
nutrient elements needed in relatively large amount.

5. The nutrients required in & very small amount for growth of plants are called
micronutrients and the nutrients which are required in a very large amount are called
macro-nutrients.

6. Urea and ammonium nitrate are the major nitrogeneous fertilizers whereas super

phosphate and triple phosphate are important phosphatic fertilizers.

7. Cement is & very important building material whmh was first introduced in 1824 by an
English mason Joseph Aspdin.

8. Cement is the material obtained by buming an intimate mixture of calcarious and
argillaccous materials at sufficiently high temperature to produce clinkers which are
subsequently ground to a fine powder, Wet process is generally used in the production of
cement.

9. Theuse of cement for construction purposes is based on its property of semng to a hard
mass when mixed with water.

10. P%pqrisaﬂwﬁ material made up of a network of natural czellulosm fibres.

11. mnﬁﬁfalsulphite m—:hﬂnm-lpmnﬁs is often used for the manufacturing of paper

.
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EXERCISE
Q.1  Fill in the blanks with suitable words.
(1) Fertilizers enhance the natural of the soil.
(i)  Micro-nutrients are required in quantity ranging from peracre.
(iii)  Ammoniacontains % nitrogen.
(iv)  Manureisan material used to fertilize land.
(v) Cement was first introduced by an English mason
(vi)  Phosphorus is required to stimulate of plant.

(vii) _ InPakistan, bleaching of pulp is carried out with
(viii)  Cement is generally manufactured using process.

(ix)  The use of cement in the construction of building is based on its property
of when its paste with water is allowed to stand for sometime.

(x)  Ligninisan polymer and causes paper to become brittle.
Q.2 Indicate True or False.
(1) Potassium fertilizers are especially used for tobacco and corn.
(i)  Ammonia is usedin gaseous state while all other fertilizers are used in solid form.
(iii)  In wet process for the manufacture of cement, grinding of raw material is done
in the presence of water.
(iv)  The total production of cementin Pakistan is 56, 30, 100 metric tons/annum.
(v)  Inneutral sulphite sem:-chumme.lpmc:ss sodium sulphiteis usedbuﬂhmdmlh
sodium carbonate.
(vi)  Ligninisaninorganic binder.
(vii)  Paperconsumption in Pakistan is around Skg perpersonperyear.
(viii)  Hreacontains 90% nitrogen. ’.
(ix) Thnhmpemmmnfmed:gmlnpapumdmﬁouldhemdlﬁﬂnlm
(x)  Potassium fertilizers increase the capability of plants toresistdiscases.
Q.3 Multiple choice questions. Encircle the correct answer. &N .
() Which three elements are needed for the healthy growth ofplanfn?uﬁd "
@ NSP (b) NCaP ) NPK @ N
(i) Which woody raw material is used for the manufacture of et
® Coton () Bagwe ) Poplr @
(iii)  The mtn:h,g::nprea‘-.ntmsmmufettr.llaeﬂillifrl’ﬂl'-‘l_ﬂ.‘?';t_s ALK
(@)  tofightagainst diseases t:li)"{ti t
(c) toundﬂ'so]:hmqyﬁthuir - d) to
(iv) ‘Phosphorus helps the gr owth
(@) 4




(vi)  During the manul"actunng process uf cement the lnrnpcmmre of the decomposition
~ Zone goes up to:
(a) 600°C (b)  900°C (c) 1000°C (d) 1200°C
(vii)  The word paper is derived [rom the name of which reedy plam?
(a) Rose (b) Sun flower (c) Papyrus{d) Water Hyacinth
(viii) Which is not a calcarious material? ,

(a) lime (b) clay (c) marble (d) marine shell
(ix)  Through how many zones, does the charge pass in a rotary kiln?
@, 4. ) -3 Lt (0 v 3
. : ((x) ) F?; wh:r.:h crop, ammonium nitrate fertilizer is not used?
- 1 ' (&)  cotton (b) wheat
() W cane ' (d)  paddy rice
Q.4 Whntmpﬁmphattc fertilizers. How are they prepared? Mention the role of phosphorus
ilithsgmwﬂldfplnnts

Q.5 (a)  Whatarefertilizers? Why are they needed?
U (b) - Discuss ﬁlﬁ‘“&llﬂs:ﬁcatmn offertilizers and their uses.
M HWEW manufaclumd in Pakistan? Describe in detail the process used.
- %tv%ﬁ ., Wh ,tthl.'ospwu nf feru lizer industry in Pakistan?
o) Whntmemnua] numenteleanems and why these are needed for plant growth? -
£ '(} Hnte @mﬂmassant:al qualities ofa good fertilizer?
e the composition ofa good portland cement.

s the wet process for ﬂ:u-. manufacturing of cement with the help of flow
Tll“ilr :T v iﬁ“i"'
Ty

%Uf cement”. A[sn discuss. the

Al
use:f inthe 'Bj‘%duztmn of pulp and paper

A W) L

il pulp qused

%ypmducuunof

. \ It !Il."'hv_e'ﬂ aulj il U'*l_ = %
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CHAPTER

16

ENVIRONMENTAL CHEMISTRY

In this chapter you will learn : v »'T?‘:m

The meaning of environmental pollution.

The sources of air pollutants like CO, SO, oxides of nitrogen, etc.
Effects of polluted air on environment.

The causes of water pollution.

The preparation of potable water.

About the solid waste and its management like dumpmg and mmmnm
industrial waste and recycling of ml:dwnstc

A Al D

16.1 INTRODUCTION

Environmental chemistry deals with the chemicals and other pollutants in the
environment. In this field of chemistry, we study the sources, reactions, transportation ofg!if
chemicals and other toxic substances especially created by human activity in the mwmﬁmmf-
and their adverse effects on human beings. This branch of chemistry is mterrelntadmﬂl allnﬂir 3
branches of science, i.e., hmlng}r, physics, mr:d:r.:me agriculture, ‘public hr.t_lllh a.nd ;

engineering, etc.

K
'i
L=
Dreign B0 mwﬁ *:'.
i
7=

it | hll- .l'hi
16.1.1 Components of the Envir onment ot ot
The environment consists of the following components; A i G .mc.w [
(i)  Atmosphere () ~ Hydrosphere . .
(iii)  Lithosphere (iv)  Biosphere R I
(i) Atmosphere LR

'Iha]a}remfgamsurromﬁmsthawﬂl Eﬂﬂﬂdm__

H, 0, CH,GO,H&.N:.K:de{a Itﬂﬁﬂm
I!Is tmm isflbmt 1000 kmM'
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bacteria and water vapours are responsible for sustaining various forms of life on the earth.
Atmosphere also maintains the heat balance of the earth.
(i) Hydrosphere

The hydrosphere includes all water bodies, mainly oceans, rivers, streams, lakes, polar
ice caps, glaciers and ground water reservoirs (water below earth surface). Oceans contain 97%
of earth's water but because of high salt contents this water cannot be used for human
consumption. The polar ice caps and glaciers consist of 2% of the earth's total water supply. Only
1% of the total earth's water resources arc available as fresh water, i.c., surface water; river, lake,
stream and ground water. The fresh water is being used by agriculture (69%), industry (23%) and
for domestic purposes (8%).

(iii)  Lithosphere

It consists of rigid rocky crust of earth and extends to the depth of 100 km. The mantle
and core are the heavy interior of the earth, making up most of the earth's mass. The 99.5 % mass
of the lithpsphere is made of 11 elements, which are oxygen (~ 46.60 %), Si (~27.72 %), Al
(8.13%), Fe (5.0 %), Ca (3.63 %), Na (2.83 %), K (2.59 %), Mg (2.09 %) and Ti, H, and P (total
less than 1 %). The elements present in trace amounts (0.1 to 0.02 %) are C, Mn, §, Ba, Cl, Cr, F,
Zr, Ni, Srand V. These elements mostly occur in the form of minerals.

(iv)  Biosphere/Ecosphere

Biosphere is the region of earth capable of supporting life. It includes lower atmosphere,
the oceans, rivers, lakes, soils and solid sediments that actively interchange materials with all
types of living organisms, i.e., human beings, animals and plants. Ecosystem is a smaller unit of
biosphere which consists of community of organisms and their interaction with environment,
1.€,, animals, plants and microorganisms which lie in a definite zone and depend on the physical
factors such as soil, water, and air,

Any substance in the environment which adversely affects the human health, quality of
life and the natural functioning of ecosystem, is known as environmental pollutant, With
continuous rapid growth in population, urbanization, industrialization and transportation,

environmental pollution is spreading in almost every city of the world. The quantity of pollutants
affecting the environment have increased rapidly in the last half-century and they have adversely
affected human health and eco-system. :

16.2 TYPESOFPOLLUTION
16.2.1 Air Pollution

~ The atmosphere is polluted when harmful substances which damage the environment,
human health and quality of life are mixed in it. The main sources of air pollution are:

The waste products given out from chimneys of industrial units and exhaust of
automobiles may contain gases such as sulphur dioxide, sulphur trioxide, nitrogen oxides,
carbon monoxide, hydrocarbons, ammonia, compounds of fluorine and radioactive materials.
These waste pmduw are called primary pollutants, The primary pollutants in the atmosphere
through various mmﬁmpm&mmdury pollutants such as sulphuric acid, carbonic

acid, hydrofluoric acid, pmmﬁyl-mm (PAH}; ‘ozone, aldehydes, ketones and

—————————————————————————— -
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peroxybenzol, All these compounds are toxic and their concentration in the atmosphere must be
controlled. The sources for some of the main pnmm'}r air pollutants are described below:
I. Carbon Monoxide

It is a colourless, odourless and highly toxic gas. It is three times lighter than air. It is
slightly soluble in water.
Sources
(a) Natural .

Natural sources of.carbon monoxide emission are volcanic eruption, natural gas
emission and oxidation of methane in the atmosphere.
(b) Human Activities

Fuel burning in various types ot transportation, 1.e., motor vehicles, railways and aircraft
is the major source (75%) of carbon monoxide in the atmosphere. Other sources of carbon
monoxide emission are forest fires, combustion of fossil fuel and ag;n'cultum! products. Carbon
monoxide is also emitled from industries in which any type of fuel is burnt in air. These industries
include iron and steel, petroleum, cement, brick kilns, paper and pulp, etc. Innumpiﬂe
combustion and dissociation of CO, at high temperature also produces CO. o

Carbon monoxide is highly poisonous gas and causes suffocation if inhaled. It binds
blood haemoglobin more strongly than oxygen thus excluding oxygen from normal respiration.
The CO poisoning can be reversed by giving high pressure oxygen. Exposure to high
concentration of CO results in headache, fatigue, unconsciousness and eventually death (if such
exposure is sustained for longer period). ‘ 1=
2. Nitrogen Oxides (NO,)’ I

The gases nitric oxide, NO and mtmgt.n dﬂﬂtlde N'D,am m}'u'ﬁmtnd h_'rHG
Sources: ’
(a) Natural ' I V. s gl o oal Ml A I |

Bacterial action produces NO, mainly NO e b o Ganiinil] Sl 8
(b) Human Activities WA/ U 1

L

Nitrogen oxides are generally prudumd by mmﬁmm‘oi}&hul, oil; natural gas and
gasoline. Bothox:&smltﬁomthemdaﬂmofm&ngmmmpmya reser W
The burning of fuel in the presence of air in intemal combustion engine roduces NO.

N, (@ +{}'{ﬂ _M__.,.. - 2N
" Nitrogen dioxide is produced when nitric oxide reacts with N,
INO@ + O, -1--—w¢ahta{ﬁnlﬂ S AN
Rm:dmmumofmalﬁﬂ'ﬂ in atmosphere and 3 da
photochemical reactions, NO, are: vhici i :
3. Suipnur'ﬂﬂahfmsmm ﬂm-
Slmreu' i 1".‘“‘&!”-- IF AL T
(@  Natural L -t
faafun et s
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) Human Activities
Air is polluted with SO, due to combustion of coal (containing 1-9%35), crude oil and
other fossil fuel in power plants and petroleum industry, etc
Sy t Oyig
SO + Oyt — 2500
These gases (SO, and SO,) because of their pungent odour are very irritant and
suffocating. Through various reactions in the atmosphere they form sulphate aerosols. These
aerosols cause severe respiratory troubles particularly among older people. Sulphur dioxide is
the major source of acid deposition in the atmosphere.

SO, ()

4. Hydrocarbons
Sources
{a) Natural:

Large quantities of hydrocarbons are emitted by different trees and plants in the
atmosphere. Paddy fields produce a significant amount of methane in the atmosphere. Another
natural source of methane is the anaerobic decomposition of organic matter by bacteria in water
sediments and in soils. Methane has a mean residence time of about 3 -7 years in the atmosphere.

2CH,0 i TS ('{'J: L CH,
(h) Human Activities

Automobiles are the major source of hydmcarbuns emission. In addition to this,

petroleum, coal, wood, incinerators, refuse bumning and solvent evaporators also contribute
towards the emission of hydrocarbons into the atmosphere.

16.2.2 Elfects of Polluted Air on Environment

1. Acid Rain

Acid rain which nowadays is termed as acid deposition, was discovered by Angus Smith
in Great Britain in the mid seventeenth century but this phenomenon gained importance as a
‘serious environmental problem in 1950's. Initially it was referred to the precipitation which was

, mmmmm tuﬂ:leprmcae of CO, in the atmosphere, the natural rain itself

oy s i
WY, A=y m,lﬂ'!' H,ﬂigll S HCD,{uqi

%&pﬂﬂfwhmdmnmshuuldbeﬂﬁ The rain water has pH less than 5 is
; phere SO, and NO, mmfomedbymctmnsmth
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damages bui'ding materials such as steel, paint, plastic, cement, masonry work and sculptural
materials especially of' marble and limestone.
2. Smog

The word smog is a corubination of smoke and fog. Ifit contains high contents of SO, itis
chemically reducing in nature and is known as 'reducing smog'. The main causé of reducing smog
is combustion of coal. Photochemical sinog consists of higher concentrations of oxidants like
Ozone and is also termed as oxidizing smog, it is 2 yellowish brownish grey haze which is formed
in the presence of water droplets and chemical reaciions of pollutants in the air. It has unpleasant
odour because of its gascous components. The main reactants of photochemical smog are nitric
oxide NO and unburnt hydrocarbons. Nitric oxide is oxidized to nitrogen dioxide within minutes
to hours depending upon the concentration of pollutant gas. The yellow colour in photochemical
smog is due to the presence of nitrogen dioxide.

The following conditions are required for the formation of smog:

I There must be sufficient NO, hydrocarbons and volatile organic compounds (VOC)
emitted by the vehicular traffic.

2. Sunlight, so that some of the chemical reactions may occur al a rapid rate.

3. The movement of air mass must be little so that reactions are not disturbed.

The overall result of photochemical smog is the built up of oxidizing agents such as H,O.,
HNO,, peroxyacetyl nitrate {PﬁN] and ozone inair. PAN 1 isaneye irritant and is also toxic to plants.
3. Ozone ;
Ozone, O,, is a gas having low bmlmg point. It is present in small concentration:
throughout the atmosphere. The amount of ozone in the atmosphere lsaxp:mdm obson units
(DU). The normal amount of overhead ozone is about 350 DU
The ozone layer, 25 - 28 km high. in the stratosphere surrounds the globe and fil
of the harmful ultrayiolet (UV) rays in the sunlight before they could re
Therefore, if there is substantial reduction in the ozone layer, the life o
ﬂmtenad In 1980's a large hole in the ozone layer over Anm
represented a major environmental crisis, . _
Ozone is produced in most of the tropical mglmby th& -
Oxygen, from where it is transported to Bulﬂmﬂﬂmigwm
health problems, i.c., damages eyes and aggravates as
“Hﬂcsrasulhng in cnughmg.chut dwﬁmfuﬂ.ﬁlt‘.lh& :
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The stratosphere where ozone layer exists in atmosphere is approximately at 15 to 40 km
altitudes and is just above the troposphere which extends to an altitude of 0-15 kilometer from the
earth. The temperature in troposphere decreases with the increasing altitude from 15 to - 56°C, it
is because the air near the earth is heated by radiation reemitted from the earth. Whereas the
temperature in stratosphere increases with increase of altitude, i.e., -56 to-2 °C. The ozone is the
main chemical species present in stratosphere which absorbs the ultraviolet radiation and
increases the temperature in the upper part of the ozone layer.

Role of Chlorofluorocarbons (CFCs) in Destroying Ozone

Chlorofluorocarbons used as refrigerants in air conditioning and in aerosol sprays are
inert in the troposphere but slowly diffuse into stratosphere, where they are su bjected to
ultraviolet radiation generating Cl free radicals. Chlorofluorocarbons (CFCs) play an effective
role inremoving O, in the stratosphere due to following reactions.

GEGIE Y ¢ UCRCL. o+ Cl

)P0, ——— €0 + O,
CIO' £40; ——%3 id + 20

Asingle chloride free radical can destroy upto 100,000 ozone molecules.
16.2.3 Water Pollution

Water is essential for life on earth. All living organisms contain water in them. To sustain
life, every human being drinks several litres of water daily. Marine life is also impossible without
water. Surface and ground water which are vital resources of fresh water are vulnerable to
contamination. The human activities such as livestock waste, landfills, agriculture, pesticides, oil
leaks and spills, disposal of industrial effluents on open land, water bodies, septic tanks,
detergents, mining, petroleum and natural gas production may result in the contamination of the
surface and ground waters.
1. Livestock Waste :

Mostly the livestock waste is either being dumped on open land or is discharged into
sewage, canals orrivers. This practice pollutes the surface and ground water posing serious health
problems to the population. Chemical and bacterial contents in livestock waste can contaminate
surface and ground water causing infectious diseases like dysentery, typhoid and hepatitis.
1.  OilSpillage

Petroleum or crude oil is a complex mixture of many compounds main!v hydrocarbons.
mpﬁﬁﬂwﬁn m are used as fuel, lubricant, for manufacturing petrochemicals, plastics,
electrical 2 , synthetic rubber and detergents, etc. Sea water gets polluted by accidental
dli:ﬂh"ﬂiﬂhpﬁm cargo oil tankers in sea, tanker trucks, pipelines leakage during off
on and leakage of underground storage tanks. Many petroleum products are
pohumﬂpmmiomhulﬂtpmblmmhmu animals and aquatic life. Hydrocarbons
' cyclic aromatics are known to be carcinogenic even at very low concentrations.
anisms are me mtublemuc fractions of oil (C-10 nrless}
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The spilled oil damages the marine life often causing death. The light transmission through
surface of water is affected by oily layer on it thus photosynthesis of the plants and dissolved
oxygen in water is decreased.

3. Detergents

Detergents are excessively used in industries and household as cleaning agents. The
amount of disposed detergents in waste water is increasing day-by-day. This wasle water when
discharged in rivers or sea, greatly affects the aquatic life. Detergent contents of waste water .
mobilize the bound toxic ions of heavy metals such as Pb, Cd and Hg from sediments into water.

4. Pesticides

Pests harm crops and transmit diseases both to human beings and animals, Pesticides are
the substances that can directly kill an unwanted organism or otherwise control by interfering
with its reproduction process. The current ability to produce large amounts of food on relatively
small amount of land has been made possible around the world by the use of pesticides. At
present more than ten thousand different types of synthetic organic pesticides have been
formulated. They are broadly classified into several principal types according to their general
chemical nature.

The most important and widely used pesticides are insecticides (which kill insects), |
herbicides (which kill undesired plants) and fungicides (which control the growth of fungus on
the plant). The use of various pesticides also helped in the eradication of discases such as malaria, g
yellow fever, bubonic plague and sleeping sickness. i

Wide spread use of pesticides for getting greater crop yields if not properly checked and
controlled has associated risks of contaminating the soil, plants and the water. The drainage water
from the agricultural land (where the pesticides are being used) mostly, contains pesticides.
Therefore if the use of any type of pesticide is not properly controlled, itenters into the food chain
' through agricultural food products and drinking water and poses serious health problems to both
human beings and animals.

Organic chemicals in drinking water do not have any healthy effects on human or animal
health. At best, some organic chemicals may have no detrimental effects at low concentrations.
But many compounds once thought safe, especially the synthetic omanlcshmmls, can have
serious and substantial heath risks, even at very low mnnmtutmqs. ﬂt wm hm

thclnghtmotudularw:ghmhlunnmdh?mmmﬁm“‘ o Y
have no safe levels. Thntlsﬂﬂ?mb“mwﬁ MNW wat th?-ﬂ-ik
of adverse health effects. L ey 1)

Whensrnﬂmlﬂm “ nd theovieh od or
cause health problems. mmm@ﬂ '
blindness. At lower concentrations, atw
humans may devel ﬂhm
ﬂmentmhunswhmwm 0
With human or animal carcinogs
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5. Industrial Waste Effluents

Finished products in any chemical related manufacturing industrics, i.¢., leather tanneries,
fertilizers, oil refining, petrochemical, textiles, paper pulp and paper board, rubber products,
agrochemicals, leather goods, ctc., are always accompanicd by some bvproducts and waste
effluents. Waste products may be in the form of waste heat, smoke, solid or waste water effluents.

The industrial waste pollutants may contain organic chemicals including highly toxic
synthetic organic compounds and heavy mmetals, i.e., Pb, Cd, Cr, Hg, As, Sbetc. oils and greases,
mineral acids, etc. The toxic organic compounds and heavy metals and metalloids result in
contamination of both surface and ground water used for irrigation and potable water supply.
This also causes irreversible degradation of the environment causing serious health problems for
public and marine life. It must be mentioned here that heavy metals such as Pb, Cd, Cr, As, Hg,
etc. are highly toxic and do not have any safe limits; they have accumulation effects when
ingested through food or water and cause various health problems like anemia, kidney discases,
nervous disorder, high blood pressure, etc.

6. Leather Tanneries -

Many leather tanning units, vzirying from the cottage scale to big industrial units, are
working in and around many big cities of Pakistan. They use large quantities of chromium (VI)
salts for leather tanning. They are producing good variety of exportable leather, but only some
units have the facility of waste water treatment by reducing Cr (VI) into trivalent state followed
by alkaline precipitation of Cr(OH),. The effluents are discharged onto the open land or put into
the sewage system. These industries are the big source of chromium (V1) pollution in the
environment. Chromium (VI) is highly toxic and is known to cause cancer.

163 FACTORSAFFECTINGTHEQUALITY OF WATER

The terms dissolved oxygen, biochemical oxygen demand and chemical oxygen
demand are ﬁ'equmﬂjr used in measuring the quality of water. These terms are described as
follows:

b Dissolved ﬂrygen (DO)

In water the most important oxidizing agent is dissolved molecular oxygen (O,) the
concentration of which ranges from 4 - 8 ppm. The organic matter is oxidized with the help of this
dissolved oxygen in water. It is a parameter to determine the quality of water. The dissolved
oiygunalue'lmtﬂuh 4 ppm indicates that water is polluted,

ample "l'hﬁmduﬁun reaction s catalyzed by microorganisms
r Itis mumul experimentally by calculating the
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evaluated by its chemical oxygen demand. The nxygen demand of water can be determined
directly by treating it with dichromate ions Cr;0,” which is a powerful oxidizing agent. The
OTganic matter in water is oxidized, while the remaining dichromate is determined L |
titremetrically: Value of COD is a direct measure of chemically oxidizable matter in water.
Higher values of COD will indicate more pollution.

16.3.1 Purification of Water

The surface or ground water is normally used for drinking and other domestic purposes.
The quality of untreated surface or ground water varies largely from place to place. Ground water
is usually more clean than the surface water. Depending upon its quality it may or may not need
further treatment to make it fit for human consumption. The surface water, however, is invariably '
contaminated and requires treatment to make it potable i.e., safe for human consumption.

Raw water is treated to remove all the foreign materials and make it useable for drinking
and other domestic purposes. The treatment is carried out in various stages, i.e., aeration to settle
suspended matters, coagulation of small particles and suspended matters, precipitation and
removal of solid matters and finally treating the water with chlorine to kill viruses and bacteria.

L Aeration

The quality of raw water is improved by aeration. In this process air is passed through
water to remove the dissolved gases such as foul smelling H,S, organosulphur compounds and
volatile organic compounds. Some of the organic materials in the raw water which could be l |
easily oxidized with air produce CO, in the aeration process. The remaining portions of organic
material if necessary are removed by passing water over activated carbon. Aeration process also
oxidizes water soluble Fe' to Fe'' which then forms insoluble Fe(OH), and can be rmuwd as
solid. Aeration also improves the oxygen level of raw water. . ;
2. Coagulation ’ L

The materials which are suspended or present in the colloidal form in raw water are
removed by coagulation. The coagulant such as aluminium sulphate or a alum is added to the raw
Water, which causes the precipitation of suspended impurities. Futr m:ample, alummgm
h)'dmxtde is precipitated when alum is added to water in alkahnnmeﬁlml €. A

K,SO,AL(S0,),24H,0 + 3Ca(OH), ——> 3CaS0, +2A1{0HL+

~ Many su edparhﬁlcsgetadsurbednntheslw us 8
hydroxide Prumplmumc salts are also commonly used as coagula
handle because an insoluble ferric oxide s pl:qducodinﬂm

. Theprocess ufomguh&mmm" '

Water. The surface or ground water may
the water hard. The hard wateris then
3. Water Disinl'ieﬂun by C
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disinfecting agent is hypochlorous acid HOCI. This neutral covalent compound kills
microorganisms readily by passing through their cell membranes. The hypochlorous acid is not
stable thus it cannol be stored, it is therefore generated by either dissolving molecular chlorine
gas or sodium and calcium hypochlorites in water. Disinfection by chlorine is inexpensive.
Gyt HO =T HOCHEHE A .C)

Generating HOCI from sodium or calcium hypochlorites avoides the transportation and

use of chlorine cylinders.
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Fig. 16.1 Purification of water

Harmful effects of chlorination of water are due to its reactions with dissolved ammonia
and organic matters present in water. The hypochlorous acid reacts with dissolved ammonia to
form chloramines H,Cl, NHCI, and especially nitrogen trichloride NCI, which is a powerful eye
irritant.

NH, + 3HOCI —— NCl, + 3H,0

The alkaline pH can prevent the formation of chloramines. Chlorination of water
containing organic materials also forms some organic compounds which are toxic. For example,
if phenol is present in water then chlorinated phenols are formed which have offensive odour and
taste and are toxic.

Chloroform CHCI, is formed when hypochlorous acid reacts with organic matter (humic
acid) dissolved in water. Chloroform is suspected liver carcinogen and also has negative
reproduction and development effects in humans. The risk of bladder and rectal cancer increases
by drinking chlorinated water. To avoide the formation of toxic compounds with chlorine, ozone

 orchlorine dioxide is used for the disinfection of water. :
16.4 SOLID WASTE MANAGEMENT

The disposal of domestic refuse, commercial and industrial solid wastes or semisolid
materials are studied under the title solid waste management. The domestic municipal solid
waste ists of papers, vegetables, plastics, wood, glass, rubber, leather, textile, metals
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164.1 Effects of Dumping Waste in Sea and Rivers

Water covers more than 70% of the earth and is a valuable source for food and minerals.
Sea and rivers have long been used for dumping waste of industrial and municipal discharges
such as acids, refinery wastes, pesticides waste, construction and demolition debris, explosives,
domestic refuse, garbage and radioactive waste, etc. The dumping of waste materials in water has
damaged the marine environment and caused health hazards to human beings.

16.4.2 Landfill

The municipal solid waste is mainly disposed off by dumping it in a landfill. The landfill
is a large hole in the ground or even a bare picce of land. When the landfill becomes full with
waste it is covered by soil or clay. The site of land is selected on a number of factors such as |
lopography.-location of the ground, water table, nature of the solid waste, type of soil and rock
and location of disposal zone in the surface water and ground water flow system. The ground
Wwater which seeps in the landfill and liquid from the waste itselfall percholate through the refuse
producing leachate. The leachate contains dissolved, suspended and microbial contaminants.

The gases which are produced in landfills from the waste are methane, ammonia,
hydrogen sulphide and nitrogen. The leachate contains volatile organic acids such as acetic acid
and various fatty acids, bacteria, heavy metals and salts of common inorganic ions such as Ca™.
The micropollutants present in municipal solid waste include common volatile org_am_c

Compounds such as toluene and dichloromethane: . _ ;

16.4.3 Incineration of the M uncipal Solid Waste
Incineration is a waste treatment process in which solid waste is burned at h:glr - !I _.

temperatures ranging from 900 to 1000 °C. The burning of the solid waste in the incinerator
consumes all combustible materials leaving behind the noncombustible materials anl:l ﬂle u‘h

residues. The ash residues of the incinerator are disposed off on the land or Inndﬁll!.
incineration may reduce the volume of the waste by two third. The cnmhush'b!u Gﬂlﬂ;ﬂm

garbage such as paper, plastics and wood provide fuel for the fire. In incineration Ehem ﬂf
combustion may be used in producing steam whmhmﬂs the turbines mpﬁézﬁﬂw* -
16.4.4 Treatment of Industrial Waste N o AN,
The industrial and hazardous wastes are disposed. ﬂﬂ‘mlﬂ@““‘
incinerated and the residual ash is then disposed offin the lﬂ"'ﬂll MW
Waste is monitored more regularly for the Iqakase °f@° e i
that 6f landfill for the municipal suljd waste, axcggtw
mﬂlmmmdumnutmmmagﬂgﬂlw
16.4.5 Incineration of lmi;mh:!llﬂl,ll [azard
A general process of high temps
ampmﬂltypﬁufmm s g ea i Mk .
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water spray. The cooled gases are then passed through scrubber system which eliminates the
surviving particulates and acid forming components like CO,.- Ash residues and waste water
produced in the rotating and secondary chambers are disposed off in the landfills, Fig. 16.2.

Spraying of

i [;:'g:tl;i water

= S

i m;,f;"-'}:rg l Scrubber — Gases

Secondary
Wge tank Chamber Waste tank for
ash ash and
. wasle waler

Fig. 16.2 Incineration of industrial waste

Although the volume of solid waste is reduced to a much lesser extent by burning it in the
incinerator, it is not a clean process of the disposal of solid wastes, as it produces air pollution and
also toxic ash. Incineration of the solid waste is a significant source of dioxins which is a class of
carcinogen compounds. Smoke stacks from incineration may emit oxides of nitrogen and
sulphur which lead to acid rain. Heavy metals such as lead, cadmium, mercury, etc., may also be
present in the leachate of the incinerators. '

16.4.6 Recycling of Waste

In recycling some of the used or waste materials are not discarded aﬂer their initial use
but are processed so that they can be used again. The purpose of recycling is to conserve sources
such as raw material and energy. The volume of the waste is also much reduced by recycling of
the materials. The most common domestic materials that are recycled are paper, plastic, glass and
aluminium.

The largest item which is recycled is newspaper and in its recycling process the release
of chlorine or other bleaching acids and organic solvents is significantly less as compared to
formation of these compounds during the processing of virgin newspaper. To improve the
whiteness of the recycled newspaper it is blended with the virgin newspaper or sometimes treated
with peroxides and hydrosulphites. In recycling process the fibre of the newspaper becomes
shorter soitcan be recycled again and again for five times.

. The recycling of plastics is done by reprocessing, depolymerization or transformation.
In reprocessing the used plastics are remelted and styrene which is used for manufacturing of
different products e.g., the original use of polystyrene is for the manufacturing of foam,
packaging, cutlery, furniture, etc. but after its reprocessing it is used mostly for the
manufacturing of toys, trays, etc

mﬁﬁ'lymm'imunn is a process in which the used plaanc.s are mnvemd back into
Pomponents by a chemical or thermal process so that these can be subsequently
n e.g., polyethylene terephthalate can be thermally depolymeirzed in the
ys dnﬁheatintu its original components, 'I'htlmnat‘nrmanon lsaproms”ﬁl
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which used plastics are convérted into low quality substances which arc latter used for the

production of other materials e.g., cracking of polyethylene at high temperatures glm its
monomers which are used for the manufacturing of lubricants.

KEY POINTS

L. Environmental chemistry is the branch of chemistry in which we study the sources,

reactions, transportation and effects of the pollutants on the envmnmt The

environment consists of four components.

The primary air pollutants are carbon monoxide, su[phur dmxll:ln, sulphur trioxide,

mitrogen oxides and hydrocarbons.

3. The acid rain is due to the oxides of sulphur and nitrogen whmh get mixed -wlth rain
water in the presence of pollutants to form sulphuric and nitric acids. The acid rain
affects the soil, water and sculptural materials.

4. The main cause of photochemical smog is the presence of oxidants such as nitrogen
oxides in the atmospheres. The hydrocarbons also play a key role for smog formation.

5; The ozone is a protective layer in the stratosphere which absorbs harmful ultraviolet

_ radiation of the sun and thus blocks them to reach on the earth. . {

6. Water which is an essential requirement for all the living beings on the earth is being
polluted by livestock waste, oil spillage, detergents, pesticides and industrial wastes.
The water pollution results in many infectious diseases such as dysentery, typhoid,
hepatitis and in some cases also cancer.

7. The potable water is purified by aeration, coagulation and l:h!ormatlnn. Although
chlorination has saved many thousand lives by killing viruses and banlerm, it also forms
some chlorinated organic compoundsin water which are toxic.

8. Domestic municipal solid waste consists of paper, plastic, vugelabh wnoﬁ. glass,
rubber, leather, textile, metals and food wastes. The wasmwhethﬂdumﬁm urm:h:s’ﬁual"
is managed by disposing it offin landfills or it is initially incine It '
ash is disposed off in the land or in landfills. 'I'hedumpmg f
rivers has damaged the marine environmentand caused he i

9 Intherecyclmgpmms instead ofdumphgﬂlewnsh oducts i.e
and aluminium, they are processed and ‘made reusable. This p
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(iv)  Theelevated concentration of is harmful for fish as it clogs the gills
: thus causing suffocation.
(v) The ozone layer in the surrounds the globe and filters most of the
harmful UV rays in the sunlight before they could reach the earth,
(vi) The presence of in livestock waste can contaminate surface

and ground water causing various infectious diseases.

(vii) The substances which can directly kill the unwanted organisms are
called -

(viii) is frequently used to disinfect water.

(ix)  Incineration is not a clean process because it produces air pollution and toxic

(x) A process in which some of the used or waste materials are not discarded after
theirinitial use but are processed so that it can be used again is called

Indicate true or false.

(1) Halfof the mass of the atmosphere is concentrated in lower 10 km.

(ii) The oceans cover approximately 71 percent of the earth.

(iif)  The volcanoes produce 55 % of SO,.

(iv)  Thereducing smog is due to the presence of nitric oxide.

(v) Ozone is produced in the polar regions by the photochemical reaction of
oxygen.

(vi)  The temperature in the troposphere decreases with the increasing altitude from
15t0-56°C.

(vii) Incineration is a waste treatment process in which solid waste is dumped in a
land fillZ

(viii) Acid rain is due to the presence of oxides of sulphur and nitrogen which get
mixed with the rain water.

(ix)  Theheavy metals have a safe limit where lhﬂ]l’ are not toxic.

(x)  The reprocessing of the plastics is to convert back to their components by a
chemical or thermal process so that these canbe used again. -

Multiple choice questions. Encircle the correct answer.

The pH range of the acid rain is

(a) 7-65 (b) 6.5-6 (c) 6-5.6 (d) less than 5
.l’emx;wetyln:tm(PANJmn:munttnhumnnbmngsand:tnﬂbcts

(@ Eyes (b) ears () stomach (d)  nose

To avoid the formation of toxic compounds with chiorine which substance is used for

i @’3 0, (9  Alums (d)  Chloramines
lorid 'hr@pq!mdﬁmyhuwmmqunm

(8.111'-_!“-.': (b)) 100000 () 10000 (@) 10
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(vi)

(vii)

(viii)

(ix)

()

Q.4
Q.5

Q.6
Q.7
Q.8

Q.9

Q.10 Hnwdutugmmﬂuut' u

Fungicides are the pesticides which:

(a) control the growth of fungus (b) kill insects

(c) kill plants ; (d)  killherbs .
Ecosystem is a smaller unit of: ' .

(a) lithosphere (b) - hydrosphere I “ |
(c) atmosphere (d) biosphere . ah,
The main pollutant of leather tanneries in the waste water is due to the salt oft " "'f §
(a) lead (b)  chromium(VI) !
(c) copper (d) chromium (I1I) " .
In purification of potable water the coagulant used is: b

(@)  nickelsulphate (b)  coppersulphate S 1 i ‘
(c) barium sulphate (d) alum e =

The temperature in the non-rotating chamber in the mummmun of m&nﬁﬂ"ﬂm
hazardous waste process has arange: o o

(a)  900t01000°C S ®) zsumson"q

(¢)  950to1300°C (d)  500t0900°C -
Newspaper can be recycled again and again by how many times? o
@ 2 ®) S CHaNE)
Discuss in detail the components of the eny
Describe the natural and human sources of

sulphur oxides. . "/ '
What s acidrainand huﬁduaiumwmm&’f

%rlaomhwdqﬂmm
be decreased? ]

Howisoﬂ:pﬁluguﬂ‘ t ng the
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Absolute alcohol:
Acid anhydride:

Acid rain/Acid deposition:

Acidic amino acid:
Actinides:

A&dlﬂun Polymerization:
Aeration:

Alcohol:

Aldehydes:

Aldol:

Alkali-metals:
Alkaline earth metals:

Alkanes:

 Subancs o

100% Ethyl alcohol.

Acompound formed by the dehydration of carboxylic acid.

The formation of sulphuric and nitric acids from the oxides of sulphur
and nitrogen in the atmosphere in the presence of water and
pollutants.

Amino acid which contains two carboxyl groups and one amino
group. '

The elements from The to Lr in which the 5f shell is in the process of
completion.

The addition of unsaturated monomers to form one product.

The bubbling of air through water or sprinkling of water into air.
Organic compounds containing - OH functional group.

Organic compounds containing a carbonyl functional group which is
bonded to at least one hydrogen atom.

A compound containing both aldehydic and alcohol functional
Eroups.

Elements present in [A group.

Elements present in group ILA.

They are also known as paraffins with general formula CH,..
Alkanes are saturated hydrocarbons and are chemically inert.

Alkenes are unsaturated hydrocarbons containing a C = C and having
a general formula C H,,.

Monohalo derivatives of alkanes

Alkynes are unsaturated hydrocarbons which contain C = C. They
havea general formulaC H,, .

- Anorganic compound containing -CONH, functional group.

Organic compounds confaining both mmuandcarbux}!l Eroups,

e 'Gﬂd&s ‘which behave as acids when react with bases and behave as

hamWhmmctmtﬁnmds
materials) whmhmsmptlmgrmvﬂlufrmcm-
 organismi fnpphnd'dn living tissues, e.g. iodine. .

ir ﬂl:mwhunm of concentrated HCI and one
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Baecyer's test:

Basic amino acid:
Benedict's solution:
Biosphere:

Bleaching agents:
Borax bead test:

Borax:
Carbocation:
Carboxyl group:
Carboxylic acid:
Carcinogenic:
Cement:

Chain isomerism:
Chelate:
Chemotherapy:

Cis- transisomerism:
Cis- trans isomerism:
Coagulation:

Combustion:

Condensation polymerization:

Condensation reactions:

Coordination number:
Cracking:

Corrasion:

- differ with respect to the position ofidentic

T e
It is a test performed to detect the presence of a C=C. Add
dilute alkaline solution of KMnO, to an alkene, purple colour of
permanganate solution disappears.
Anamino acid which contains two amino and one carboxyl groups. :
Analkaline solution containing a cupric citrate complex ion. -

~ The carth, oceans and atmosphere with which the living organisms

interact.

Chemicals, generally -:ux:dants which remove colours, e.g. uxygm.
hydrogen per oxide, ozone, chlorine, chlorine dioxide etc.

A test performed with borax for the detection of coloured ibusn:
radicals such as Cu®, Cr'™", Ni*", etc.

Sodium tetraborate decahydrate Na,B,0,.10H,0.

An alkyl ion having a positive charge on a carbon atom. a
Functional group having a formula-C OOH. y

Organic compounds containing carboxyl group. -
The substances which cause cancer. e

It is the material obtained by buming an intimate mixture of
calcarious (lime bearing) and argillaceous (clayey) materials at
sufficiently high temperature to produce clinkers which ey
subsequently ground to a fine powder.

This type of isomerism arises due to the difference in the nature of

carbon chain. ] »
When all the donor atoms of a polyditate ligand get coordis ' m
the same metal ion, resthngcumplexmremlledcﬁam ol
Sclmtwedmmmunnrpmmmufpnthoguk u-.-.f with the
help of chemicals (medicine). -
Such compounds which possess the same. ‘structural .ffTﬁ  but
differ with respectto the pn&:timufﬂmﬂm! gmupsm ,

Such compounds which pos

Precipitation of the suspended : ;
the surﬁuuchmtmshm f ﬁ:mhd‘s;




Chemistry XiI
Dehydrogenation:
Deliquescent:
Detergents:
Digester:

Dihydric alcohol:
Dimer:
Disaccharides:

Disproportionation reaction:

E1l reactions:
E2 reactions:

Electrophile:
Environmental chemistry:

Environmental pollution:

324

Removal of hydrogen from a compound is called dehydrogenation.

A compound which absorbs moisture.

The cleansing agents used in house-hold and industries.

This is the main unit of the pulp formation. It is usually 30 feet in
length and 7 feet in diameter. It is made of steel and wrought iron.
Alcohols containing two - OH groups

An association of two identical molecules linked together.

These are sugars which on hydrolyms yields two monosaccharaides
units.

A reaction in which the same substance is both oxidized and reduced.
Two step elimination reactions in which the leaving group leaves first
followed by the removal of hydrogen.

One step elimination reactions in which both the atoms or groups
leave simultaneously.

Areagent which can attract an electron pair to form a covalent bond.
The branch of chemistry which deals with the sources, reactions,
transportation of the pollutants and their adverse effects on human
beings.

The substances in the environment which have adverse effects on the
human health, quality of life or the natural functioning of the
ecosystem.

Enzymesare biological catalysts.

Amino acids which cannot be synthesized by human body.

Organic compound formed by the reaction between an alcohol and a
carboxylic acid and has a general formula R - COOR.".

A reaction of an alcohol with an organic acid in the presence of
mineral acid to produce ester and water.

Organic compounds having R.- O - R’ linkage.

Analkaline solution containing a cupric tartarate complex ion.

A biu-chep'lical' process which occurs in the presence of
MiCTOOTZANISMS.

These are the substances added to the soil to make up the deficiency of
essential elements like nitrogen, phosphorus and putassmm required
for the proper growth of plants.

An ore of fluorine,CaF, -

Amixture of40% formaldehyde, 8% methyl alcohol and 52% water.
Compounds having the same molecular formula but different

tional groups, are called functional group isomers and the

phenomenon is known as fimctional group isomerism.

‘An atom or a group of atoms or a double bond or a triple bond whose
mmhmlﬁc properties to organic compounds.

ria mdwmmtﬁmgim::konmps.wmd paper, etc.

. | —




Herbicides:

Hetrocyclic compounds:

Materials used to control herbs.
Cyclic Organic compounds in which the ring contains more than one
type of atoms.

Homocyclic or carbocyclic compounds: Organic compounds in which rmgs are formed by carbon

Hybridization:

Hydrogenation:

Hydrosphere:
Insecticides:
Isomerism:
Ketones:
Lanthanides:
Lignin;:

Lindlar's catalyst:

Lithosphere:;
Macro-nutrients:

Macromolecule:
Markownikov's rule:

Marsh gas:

Metalloids:
Metamerism:

. Methylated spirit: -

atoms only.
The mixing of atomic orbitals of different energy and different shlpnl-'
to give rise to hybridized orbitals of same energy and same shape.
When a mixture of hydrogen gas and an unsaturated hydrocarbon
(alkene or alkyne) is passed over finely divided platinum or nickel as
catalyst, it is converted to alkane. Thisprocess is known ﬂuﬂljrtlc
hydrogenation.

It consists of all the water resources.

Materials used to control insects. T
Different compounds having the same molecujar formula but
different structural formulas are called isomers and the phmnnm
is known as isomerism.

A family of organic compounds in which carbonyl group is bonded to
two car bon atoms.

The elements from Ce to Lu in which the 4f shell is in rbapamul.
completion.

Lignin wanmnnﬂnp-olymwﬁmhcmwumbmmhmﬁ&

It is a very effective catalyst in which finely divided palladium is
precipated as BaSO, and then treated with quinoline. It is used forthe
reduction ofan alkyne to a cis-alkene. " -
It consists of the earth's crust. .1
The nutrients wﬁ:chmrequ:redm:mlameampml'
growth of plants. These are generally required in
‘from 5 kg to 200 kg peracre. 4

A giant molecule which is often a polymer. Lol
It states that addition nfhlhgmmu nSymme
occm’smstmhamyﬂmhyﬁi:gmmm ached to.t
atom of the double hundwhmh‘:u%ﬂdjf




Noble gases (Rare gases):

MNon-essential amino acids:
Nucleophile:

Nucleophilic addition reactions:

&
The clements helium, neon, argon, kepton, xenon and radon are
known as noble gases, They form the V1A or zero group of the table.
Amino acids which can be synthesized by the human Body.

A reagent which possess an electron pair to form a covalent bond.
Reactions shown by aldehydes and ketones in ent combines with the
electrophilic carbon of the carbonyl group, whereas the positive part
goes to the oxygen. which the negative part of the reagent combines
with the electrophilic carbon of the carbonyl group, whereas the
positive part goes to the oxygen.

Nucleophilic substitution reaction: Reactions in which the attacking nucleophile replaces the

Octane number:
Orientation:

Ozonolysis:

Paper:

Paramagnetic substances:
Peptide linkage or bond:
Pesticides:

Phenol:
Pigiron or castiron:

Polyhydric alcohol:
Polysaccharides:

Polythene or polyethylene:
Position isomerism:
Primary alcohol:

nucleophile already present in the substrate molecule.

The percentage of branched chain hydrocarbon, i1sooctane, in
gasoline fraction of petroleum.

The method of determining the arrangement of substituents on the
benzene ring for an unknown derivative is known as orientation.

When a stream of ozone is passed through a solution of alkene in an
inert solvent like ether or carbon tetrachloride, it adds a molecule of
ozone il #1¢ double bond to give an ozonide. Itis also used to locate a
double bond.

Paper is defined in term of its method of production that is a sheet
material made up of a network of natural cellulosic fibres which have
been deposited from an aqueous suspension. The product obtained is
anetwork of interlocking fibres,

Those substances which have unpaired electrons,

A linkage form ed by the reaction betw een a carboxyl (-COOH)
group and an amino (-NH,) group with the elimination of water
molecule.

The substances when can directly kill an unwanted organisms or
otherwise control by interfering with its reproduction process.
Aromatic compounds containing -OH functional group.

The iron coming out of blast furmace containing 2.52-4.5% carbon
alongwith other impurities.

Alcohols containing more than two -OH groups.

These are poly sugars ‘which on hydrolysis yield many
monosaccharides units,

A white translucent thermoplastic material made by polymerization
of ethylene. Itis used to make flexible pipes, sheets and bags.

The isomerism which arises due to the difference in the pusitmn ofthe
‘same functional group on the carbon chain.

An alcohol in which -OH group is attached directly with a primary
carbon, primary carbon.

Crystalline form of silicia.

The foul odour given off from spoiled oil or fat.

Ethyl alcohol containing 5% water.

Some used or waste materials are not discarded after their initial
mﬂomhﬂmprmedwﬂuttheymbcumdngnm.

Thermal conversion of straight chain hydrocarbons into branched
_ in the absence of oxygen and in the presence of a
' -_;mnqvmwlhumtmummhu of fuel.
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Resonance:

Ring test:

Saponification:

s-Block elements:

Secondary alcohol:

Semiconductor:
Silicones:

Slaking:
Slurry;

Smog:

SN1 reactions:
SN2 reactions:
Soda lime:

sp hybridization:
sp’ hybridization:
sp’ hybridization:
Steel:
Terpolymer:
Tertiary alcohol:
Thermoplastic:

Thermosetting:

-
|
=

The situation in which two or more plausible Lewis structures can be
written but the actual structure cannot be written is called Resonance.
A confirmatory test for the presence of nitrate ions in an
solution. The solution is treated with ferrous sulphate solution in the
presence of concentration H,SO,,whcmh}rabmwnrmglsfmnwd.

It is the hydrolysis of a fat or an oil with an alkali to form soap and
glycerol.

In these elements the last electron enters the s-orbital of the ultimate
{outermost) shell.

Analcohol in which -OH group is attached with a secondary carbon.
A substance which conducts electricity better than an insulator.

A polymer containing silicon - oxygen chains and Ilhfl groups
attached to silicon atoms. a

The hydration reaction of lime.

A suspension containing an appreciable quantity of a solid.
Combination of smoke and fog. If the concentration of sulphur
dioxide is high it is called reducing smog and when H'semmmﬂdn
of the oxidants is high it is known as oxidizing smog

Two step nucleophilic substitution reactions in which the leaving
group leaves first followed by theattack of the nucleophile.
A nucleophilic substitution reaction in which the bond ation and
bondbreakage take place simultaneously. Formation ld}ﬂ%
breakage take place simultaneously. P
Asolid mixture of CaO and NaOH. - &; S
Mlxmgnfnnusmdmcpurhlnlsmglwmhtw yb
orbitals which are linear in shape.
Mixing of one s and two p orbitals to give rise to three
orbitals hnvmgnphnnrhuguhrshape. A
Mixing of one s and three p orbitals to give nis
orbitals which are directed Wdl fo
tetrahedron.




Acctate ion, 144

Aceticacid, 137,144,245, 245
Acetone, 122,200,230
Acctylene, 23, 33,156, 161
Acetyl chlorides, 256, 266
Acid number, 283

Acidrain, 310,32)

Brongze, 103
2-Butanone, 230
Butane, 123 °
Butyraldehyde, 229

C

Calcium bormte, 39
Calciumcarbide, 33,158
Caleium magnesium silicate, 49
Calerum axide, 108

Caleium phosphate, 64, 108
Camphos, 228

Cannizaro's reaction, 237
Carbocation, 152

Carbocyclic compounds, 124
Carbohydrates, 120,273,275

Carbon disulphide, 64 , 65

Carbon tetra chloride, 148
Carbonates, 109

Carbonization, 120

Carbonyl compounds, 144

Carbonyl group, 228

Carbouyl group, 250

Carboxylic acids, 250

Carcinogenic, 312

Catalytic cracking , 122

Catalytic hydrogenation ol alkene, | 52
Catalytic hydrogenation, 143,152
Catalytic oxidation, 146, 147
Catalytic reducation, 243




L

{ - = s
1Z) =~
Classification of macromolecules, 268 Destructive distillation, 121 Ethly alcohol, 157 .
Classification of organic compounds, |24 Detergents, 120, 122,279,313,312, 314 Ethylhalide, 157
Classification ol proteins, 277 D-glucase, 274, 275 Ethylene dibromide, B9
Classification of steel, 107 Diamagnetic, 70, 101 Ethyne, 157 -
Clemmensen reduction, | 44 Diammonium phosphate, 295 Exothermic process, 152
Clinker, 32, 296 [Hatomic, 15, 46, 69 Exathermic, 24,71
Closed chain compounds, 124 Dicarboxylic sead, 150, 157,271
Coal, 120,121 Dichromate fons, 112, 313
Cobalt, 107 Dichromates, 111, 112
Coinagealloys. 103 Dienes, 148 5 .
Coinage metals, 93 Diethyl ether, 132, 211,223, 281 Factorsaffecting enzyme activity, 286 -
Colemanite, 39,41 Digester, 301 Fatsand oils. 251, 279, T80, 28
Colowr, 102 Dihalide, 150, 153, 156,159 Fatty acids, 143, 147,251, 278,
Combustian, 146 Dihydroxy compounds, 155 279, 280,281,283, 284,317
Commercialiron, 106 Diamagnetic subsiances, 101 Fehling’s solution test, 244
Complete combustion, 146 2 4-Dinitropheny thydrazine, 241 Feldspar, 49, 53
Complex anian, 103 Dinitrogen oxide, 54 Fearic oxide. 49, 109,315
Complex cation, 103 Dinitrogen tetraoxide, 59 Ferricsulphate, 112
Complex compounds, 103 Dinitrogen trioxide, 60 Ferrocyanide jon, 103
Complex ian, 103 Dioxalato plajinate, 105 Ferromanganese, 103. 109
Complex molecules, 103, 137 Diphenymethane, 170 Fermo-silicon, 109
Complexity of organic compounds 119 Diipole moment, 46 Ferrous sulphate, 45, 60, 112
Components olenvironment, 307 disaccharides, 274 Fertilizer industries, 121
Condensation polymerization, 270 Dissolved oxygen (DO), 314 e
Condensation reaction, 235 Distinction between primary, Fentilizer, 108, 121, 148, 291-296
Coagulation, 315 and tertiary slcobols, 218 Fitlor, X2, o%, 211
Contactprocess, 10 Divalent, 69, 128, 129 Flock light pheomaphs 4
ontact lower, 71 Divinyl acetylene, 161 gt
Coordinated ligands, 105 DA 287 ; Fluorescent tebes, 93
Coordination complexes, 103 Dolomite, 108 Fhuaeidce ol AeRat, J
T Fluorinated alkanes, 147
Coordination compounds, 103 Dow'smeihod, 219 T s
Coordination number, 104 Dueile, 100, 107 !h.-"?uh I.I‘ -
Coordination sphere, 104 Ehoriaaticn, 81 o . -
Copolymer, 27 Fluarochlorocarbons, e, by, 2
h;;ﬁ"’m;j“ o E Formaldehyde, 148, 222, 229. ﬁ@\g‘;.
Copper pyrite, 89 103 .
Corrosion, 109 Electrochemical process, |10
Covalent bonding, 57 Electrochemical series, 110
Covalent bonds, 57 Electrochemical theory, 110
Caovalent halides, 12 Electrolysis of salts of
Covalenthydrides, 12 Dicarboxylic acid, 150
Covalent radi, 0] Electrolysis of salts, 157
Cracking of petroleum, 122 Electrolysis, 29, 30, 36, 114
Cracking, 122 Electrolytic axidation 5
Crudeoil, 121, 122, 289,310,312 process 114
Crude petroleum, 121 Electrolytic oxidation, 114 ;
Crystal lattice, 45, Electron affinity, 8, 21,38, 44 &
Crystalline salid, 12, 28.39, 112 mu.mml R
Cupric borate, 40 %
Cuprouschloride, 161, 162 Electronic IRGL
7 233 Electrophile, 146; 180, 181, 183,
Cyclic compounds, 123, 124, 125 189,198, 199,205,216
Cyclohexane, 136, 152, 174, 176 151 .

Electrophilic m‘m"ll':tl‘:l :
Electrophilic substitution 5, 18]
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Inner transition metals, 100

Gypsum, 20, 29, 31, 32, 69, 296, 297, Ingoms, 108
298,299

H

Heamatite, 106
Halide ion, 152
Halides of phosphonss, 56, 64

aHalides, 11, 12,22-27, 56,64, 143, 145, 149,
152, 156, 159, 194-204, 218, 223,256

Haloalcohol, 154
Haloform reaction, 238
agent, 182

Halogenation, 147, 154, 181, 186, 138,
1r

ion, 181
Halogens, 4,6, 8, 11,14, 15,24
Halobydrin, 155
Halothane, 90
Hardening ol oils, 281
Hasenclever's method, 38
Heat of combustion, 146,317
Heat of bydrogenation, 152
Heats of vaorization, 90
Heavy spar, 69
Heptanc, 137, 138
Hetero atom, 126
Heterocyclic compounds, 124, 126
Hexagoml frame-work, 175
Hezane, 137, 138
Hexavalent chromium ion, 112
mm-&,m

. m.:su:u

onoforbitals, 127
0 !U%l“;l%:!*-u!'

ﬁ"ﬂl. 122, 123, 125,131,

jﬁ.mm,

Inorganic compounds, 57, 118, 119
Inarganic nomenclature commitice, 105
Insecticides, 313

Internal combustion, 146

International Union of Pure and Apllicd
Chemistry (IUPAC), 138

Interstitial alloys, 103

Interstitial compounds, 103

lodination, 181, 186, 197

lodine number, 283

lodized sali, 90

lodaform test, 218, 238,239

Tonic bonding, 12, 57

lonic halides, 11

Jonic hydrides, 12,25

lonic radii, 6, 101

Tonic reactions, 119

lomic reagent, 146

lonization energy, 6, 7, 21, 24, 38, 44, 56, 68

Irca pynite, 62,70,71

Iron. 24, 29, 43,49, 51, 69,71, 75,97, 103, 104,
106, 107, 108, 109, 111, 180,231,277, 291, 292,

296,301,309

Isoclectronic positive ions, 6 ;
Isomeriam, | 1B, 131,132, 133,134, 169
Isomers, 118, 131, 132,133,134, 137
TUPAC namies of alechols, 212

IUPAC names ol ketones, 229

K

Kaolin, 38,45,49
Kekule's formula, |75
Kerosene oil, 122

Ketoncs, 144, 155, 160, 213, 215, 217, 228, 230,

Lithosphere, 307, 308
Livesiock waste, 312
Longest continuous chain, 138, 141
Lustrous crystals, | 14

M

Macromolecules, 64, 268, 277, 184
Macro-nutnicmts, 292

Magnetic maments, 101
Magnetite, 106

Malleable, 100, 107

Mendeleev's periodic 1able, 2
Manganatc ion, 114

Mangamese, 103, 106-109,277,292
Markownikov's rales, 153, 159
Mazsicot, 51

Mechanical properties, 100, 302
Mediom carbon stee, 107

ol

Melting point, 9, 11, 12, 21, 29, 38, 56, 100, 101,

107, 145, 158, 220, 259, 280
Menthone, 728

Mercaric nitrate, 63

Mescuric sulphate, 159
Metaphosphoric acid, 66, 68
Meta-stannic acid, 63
Meta-Directing groups, 188, 189
Metal chelates, 104

Metal Ruorides, 92

Metal sulphates, 73

Metallic binding, 100
Metallic cations, 4]

Metallic Character, 5, 8, 45, 57
Metallic elements, 14,97
Metsllic lstice, 103

Metallic lead, 123

Metallic strocture, 100
Metalloids, 5, 8, 16,46, 57,62, 314
Metamerism, 132

Metamers, 132

Metasilicic scid, 48

Methanol, 150, 211, 213, 214, 215, 218, 219,




Moulds, 32, 108 Owidation state, 4, 5,9, 10,12, 20,21,39,69,  Polymeric halides, 11, 12
91,97, 100, 102 Palymeric, 69
N Cridative cleavage, 253 Polymerization, 155, 190, 268, 268,
Onxides of xenon, 93 270,271,272, 318
] Owides, 8, 13, 15, 25-28, 37, 40,45 Polymerization process, 270
Natural chromite, 111 Oxidizing agent, 59, 60, 62, 74, 112, 113, 114,  Polymers, 156, 161, 162, 268,270,273
Nl-l'l.l.rl.|p.s. 118, |2|:|,, tlr.H'F, 309 146, 142. 244, 252,311, 315, Pﬂwzﬁim
Nmm':nuhclmde, He Oxyacids ofnitragen, 56, 60 Polystyrene, 271
mu’]‘z“ Onyacids of phosphorous, 67 Palyester "”;;- 162,259.268,272
e, 161, 162 : Polythene, 1
Neutral coordination sphere, 104 g:m‘mm " Polyvinyl scetate, 162,259,268, 272
S Eolcelés, 104 Oaune, 155, 187,308, 311,312,316 Polyvinyl chioride, 268, 269,271
Neutral ligands, 104, 105 Oacdda ST HT Portland cement, 32, 296, 297
NNlﬂlﬂﬂmiW!miﬁmlﬂimﬂ]m DII}EB]]P;I.L 155, 187 Positive electrode, 110
Mickel, 44, 107 ‘ Position isomerism, 132
Minbrydrin 1est, 263 Potassium chlorate, 11
Mitration, 147, 183,221 P Potassium dichromate, 112, 113, 232, 259
Nitricacid, 43,52, 59,60, 61, 62, 63,70 Potnasium hexacayno fermate, 105
Nitricoxide, 37.61,62,63,309,311 Palladium-charcoal, 143 Potassium iodide, 90, 113
Nitrosyl bromide, 5§ Paper industry, 299 D L
HNitrous acid, 59, 60, 62 Paper industry in Pakistan, 300, 303 Potassium pitrate, 61, 293, 295
Momenclature of carboxylic acid, 251 Paper pulp, 33, 300, 314 Potassivm permanganate, 113, 114
Nomenclature of alcobols, 212 Paraffins, 142, 145 Propessticn cfniSioves U8
Nomenclature of alkancs, 138 Paramagnetic 70 Prevention from corrusion, 110
Momenclature of alkenes, 141 Paramagnetic behavior, 101 Prilling, 294, 294
Nomenclature of alkynes, 141 Paremagneticeflect, 102 Primary 08
Nomenc ature of amino acids, 260 Parmagnetic substances, 101 Propens, 122, 151 -
Nomenclature of complex compounds, 105 Parmagnetism, 101 Properties of enzymes, 284,285
Non-ionic charscter ol organic compounds, 119 Partial hydrogenation ofalkynes, | 50 Properties of transition clements, 98, 1007
Mo e element, 14,57 Pauling scale, 13 T e
n-metallic oxides, 14 iar nature afcarkon, 119 Protective e
Non-metals, 58, 10,43, 57, 62,63, 69 Pentane, 123,131,137, 145 Proscas, 37, 63,112,300 S AER L
Mon-Plated iron, 111 Peplide linkags or bond, 263 278,279 L 1
. MNon-polsrorganic solvents, 120 Periodic classification, 1
Nmpul_an‘nlmll, 145 Periodic law, 2
Noa-sinichiometriCompounds, 103 Periodictable, |,2,4,5,6.8,10,12,23
Non-typical transition clements, 58 Periodic trends, £, 101
Normal elements, 2,4 Periods, 2
Nitroglycering, 63 Permanganateion, 114
Mucleicacids, 120, 268,273, 207, 287 Pestricides, 120,291,312.313
Nucleophile, 144, 189, 199, 200, 201, 202, 203, 120

216,220,223, 233,235,236,237,239, 242,255 Phenol, 50, 63, 69, 74. 118, 120, 122,

Nucleophilic addition reaction, 232, 239 178,211,219,309,318
Phe HEI .‘ "‘1 ! m-
Phenyl group, 171,211,233

S O Mnyamﬁm -
64,

Oriho and pars directing groups, 188, 139 2

Octabedral crystals, 39

Oclane, 122,123

il afvitrial, 70

il 2
uuw"'?'

169, 194,




mm#&, i1
Rhombic prisms, 114
Rhombic. 52, 70

Ring compounds. 123, 124,228, 283
RHA, 287

Rose quantz, 46
Rotary kiln, 297, 317

ﬁh-hd.m.m.m
Silane, 49

Silice, 46,47, 44,69, 108, 122, 296
Silicone film, 50, 51

Silicate glars, 42
Silicones, 49, 50

Silver oxide catalyst, 154
ﬂl'_.ﬂ,nlﬂ
hﬁ'ﬂ“
Mhn,.m

mmmm

_ -ll-llh—l.m.ﬂl

Subshell, 6, 14

Substitution reactions, 147, 173, 175, 180, 181,

187, 189, 190, 198, 199, 202
Substitutional alloys. 103
Succinic acid, 150

Sucrose, 174, 275,285
Sulphonation. 183,221
Sulphonic acid, 153

Sulphur burners, 71
Superoxides, 23,25
Symmetrical alkanes, 143, 204
Synthesis ofamino acids, 262
Symthetic fibres, 75, 122

Tale, 49

Tanning and dyeing, 41
Tensile strength, 43, 109
Terminal hydrogen atom, 138
Terpolymer, 270 ‘
Tmntmmadd:.l&l

Tetruhedral geometry, 128,142
Tetrahedral structure, 64
Tetrahedral, 11, 47, 45, 64, 128, 200

Tolvene, £3, 174

Transition elements, 2,4, 5. 10,97,938
Transition metals, 4, 58, 100, 103
‘I'lﬂnlu:in!? 98, 100, 102

Eﬂ. r
Unreactivity of alkanes, 145, 146

Unsaturated dicarboxylic aculs, 157
Unsarurated fatty acids, 143

Unsaturated bydrocarbons. 122, 136, 137

Unsymmetrical alkene, 133
unsymmetrical reagen, |53

\%

Valence shell, 10, 15,20, 21,47, 57,97
Van der Waal's forces, 1 2
Vanadium, 100, 107
Vapour-phase nitration, 147
Variable valency, 100, 102
Vicinal dihalide, 150, 153, 156
Vicinal glycols, 155

Vinyl acetylene, 161

Vinyl alcohol, 159

Vital force theory, 118
Vitamins, 120, 285

Vitreous silica, 47,48

Volatile liquids, 13,223
Volatile, 42,47, 69, 106, | 22

W

Washing soda, 28

Water disinfection. 316

Water pallution, 312
‘Weakly polar salvent, 145
Wet process, 296

White phosphorus, 57, 64, 66
Willlameons synthesis, 223
Woll-Kishner's reduction, 144
Wrought iron, 106, 107, 301
Wortz-Fintig reaction, 180

X

Xenon tetra-fluorid, 92
Xenon oxytetrafluoride, 93
Xenon oxydifluoride, 33
Xenon tetracxide, 93
Xenon trioxide, 93

Y

Yellow crown, 112

Z

Zero group ehements, 10

Zimc coating, 111
Zine dust, 150, 130




