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PREFACE

This chemistry textbook for class XII is based on the revised curriculum

which is being introduced in the province of Sindh from 1991. It aims to make the
study of chemistry easy and interesting for the students of intermediate classes.

This book gives comprehensive knowledge and will, therefore, be benefi-
cial for students, parents and teachers. All the topics of inorganic and organic
chemistry have been arranged systematically. Special emphasis has been made to
include fundamental definitions which are explained in simple language. Expri-
mental verifications have been added where necessary, labelled diagrams have
been given so that the students can understand topics thoroughly. In addition to
this, organic chemistry has been introduced with special and due attention.

Chemistry is a very rapidly progressing science and its scope has grown
beyond all recognition during recent years. It is hoped that the present book will .
open up the vast fields of chemistry to create curiosity (o acquire more knowledge
and gain sufficient understanding of chemistry. Chemistry isa science which plays
a major role in the development of Pakistan.

Editors feel that lapses, errors and omissions might be present in the body
of the book. It is hoped that teachers, students and parents would not hesitate in
bringing these to the notice of the Sindh Text book Board authorities. With the co-
operation of all users of this book, it would be possible to bringout improved new
edition.

Editors
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PART 1

INORGANIC CHEMISTRY

CHAPTER 1
PERIODIC CLASSIFICATION

A RODUCTION
o {[I:;I; aim of the classification of elements Is to group together

dto
ents which resemble each other in some respect an

;Izozf'a?:rtlose elements which differ, The best classification will
cleI:Lrly be that which brings together elements which resemble one

another in the greatest number of ways.
1.2 DOBEREINER'S TRIADS
After the acceptance of atomic mass values universally, attempts

were made to find out relations between properties of various
d thelr atomic masses. In 1829, J.W Dobereiner discovered

elements of three closely related in chemical
1

elements an
that within a group of
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properties, the atomic masses are either nearly the same (eg. Iron,
cobalt and nickel) or the atomic mass of the middle element |Is
approximately the arithmetic mean of other two elements. These are

called Dobereiner’s triads.

TRIADS
Elements Atomic Mass Arithmetic Mean
Lithium 7 7439
Triads —| Sodium 23 = =23
Potassium 39
Chlorine 35.5 35.5+126.5 51
Triads —| Bromine 80 2
lodine 126.5
Calcium 40
Triads —,| [ Strontium 87 137+40 _gg
Barium 137 2
WLAND'S LAW OF OCTAVES
B chemist Newland

The next attempt was made by an English

between 1864-1869. He arranged the elements in the ascending order

of their atomic weights. He observed thatthe properties of every elght:r
element were similar to those of the first one. He called this regularity b
elements as the “Law of Octaves” and arranged most of the elemen
then known accordingly.
Newland's arrangement of elements. 9
Li=7 * Be=9.4 B=11 C=12 N=l4 o=16 F=13.
Cl=35.5

Na=23 Mg=24 Al=27.3 Si=28 P=3l S=32 4 St
In this classification, Li and Na; Be and Mg; B and Al; Canc =%
Nand P, O and S; and F and Cl resemble in chemical pro ge-
Advantages and Disadvantages of Law of Octaves.
o (i) This law provided a basis for the classification of €l
groups of elements having similar properties. 11 known

(i) This law provided a wider scope to arrange
elements into a tabular form,

2

ements
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(iii) The periodic arrangement of elements did not include Noble
gases because they were not discovered then, and the heavier ele-
ments could also not be accommodated.

1.4 LOTHAR MEYER'S CLASSIFICATION

Lothar Meyer, a German chemist published an incomplete
periodic table in a book in 1864 and he extended it in 1869 to include
56 elements arranged in groups from I to VIII. Further to bring in light
the concept of chemical periodicity, Lothar Meyer plotted the values
of certain physical properties such as atomic volumes, against atomic
weights, and obtained different curves. He observed that clements
with similar physical properties occupied similar position in the
curve. For example, alkali metals occupy the peaks of the curves, and
the halogens and elements forming acidic oxides occur on the

ascending portion of the curves.

"
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Fig: 1.L— Lothar Meyer’s Atomic Volume Curve.
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Lothar Meyer's perlodic classification could not receive proper

asons for this;
e T S’l-': lt-gble. was incomplete compared with
e which was published in the same year with
f discoverles of certain elements.
tion was supported by a study of various
ability, brittleness,

(1) Meyer's perio
Mendeleev's periodic tabl
remarkable predictions 0

(i) Meyer's classifica
physical properties such as atomic volumes, malle

and electro chemical behaviour related with atomic welghts with no

empirical or logical ba

sis for classification, as we flnd in Mendeleev's

periodic classification which is entirely based on periodic law.

1.5 MENDELEEV'S PERIODIC TABLE AND PERIODIC

LAW-1869

In the year 1869 Mendeleev mainly on the basis of physical and
chemical properties discovered empirically a law known as periodic
law which he stated as “The properties of the elements are a periodic
function of their atomic weights”.

Mcndeleev's periodic table

Ti=50 Zr=90 2=180
V=51 Nb=94 Ta=182
Cr=52 |Mo=96 |W=186
Mn=55 |Rh=104.4|Pt=197.4
Fe=56 |Ru=104.4|Ir=198
Ni=Co=59 |Pd=106.6 | Os=199
| Cu=63.4 |Ag=108 |Hg=200
= Be=0.4 | Mg=24 =65.2 |Cd=112
B=11 Al=27.4 | 7=68 Ur=116 |Au=1977
Te=12 Si=28 ?=70 Sn=118
N=14 P=31 As=75 |Sb=122 |Bi=210
0=16 S=32 Se=79.4 |Te=128 7
F=19 Cl=35.5 Br=80 =127
Li= Na=23 | K=39 | Rb=85.4 |Cs=133 |T1=204
Ca=40 | Sr=87.6 |Ba=137 |Pb=207
? =45 Ce=92
7Er=56 | La=94
?Yt=60 | Di=95
?In=75.6 | Th=118? i
4
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Mendeleev's law is an extension of Newland's law of octaves.

Although there was no fundamental basis for the periodic law, due to
lack of knowledge about the atomic structure or atomic numbers, yet
the classification of elements on the basls of periodic law proved useful
for predicling unknown elements and for establishing a relation
between chemical propertles and atomic weights. Mendeleev ar-
ranged all the then known elements in order of thelr increasing atomlc
weights in seven horizontal lines, called periods, and in eight vertical
columns, called groups. It is felt that in certain cases Mendeleev
himself disregarded the periodic law. For instance he placed Ar(39.9)
before K (39) and Te (127.6) before I (126.9). This fulfilled the real
objective of classification i.e. to put together those elements which

resemble and to separate which differ in properties.

Mendeleev left certaln gaps in his perlodic table for the elements to
be discovered. According to his prediction he nained them as Eka-
Boron; Eka-Aluminium and Eka-Silicon. He also predicled the atomic
weights and propertlies of the undlscovered elements. These elements
were discovered in the life of Mendeleev and were named Scandium,
Galllum, and Germanium. Further, these elements were found to

possess properties as were predicted by Mendeleev.

1.6 MODERN PERIODIC LAW-PERIODIC TABLE BASED
ON MOSELEY'S CONTRIBUTION

From 1904 to 1913 various attempts were made to explore the
structure of atom. Lord Rutherford’s experiment of the deviation of a—
parlicles striking a thin metal foil revealed the existence of a dense

positively charged nucleus wrapped in a thin cloud of electrons. In
1913 Moseley, a British physlcist established that atomic number is

the fundamental property of the elements. He succeeded to reveal a
relation between properties and atomic numbers of the elements. On
this ground he modified Mendeleev's periodic law to the form,"The
properties of the elements are the periodic functions of thelr atomic

numbers and not the atomic welghts".
The modern periodic law provided logical and scientific ground

for the classification of elements, This law also provided Jjustification
for correcting the position of some elements wrongly placed in

Mendeleev’s periodic table.

s I R e R S R T R R R R AT T Rt
Scanned with CamScanner

Download Books Guides Notes & Tests at www talibilm com



www.talibilm.com

Wik WSy W0 b B N u Il b/ W W | WIANW | | W W Wkl W IVIS W

This periodic table was not of much use because the represen-
tative and the transition elements were placed in the same group side

idi B.
by side dividing each group as sub groups A and
4 f;‘he perigodic laws and the periodic tables were developed

cmpirically but they did not diminish the usefulness of the periodic
table. Both contributed to the development of chemistry.

Periodic law was orlginally an emplrical approach to express
periodicity of the elements with increasing atomlic masses or atomic
numbers: but with further development in atomic structure, periodic
law may be restated as: “The physical and chemical properties of the
elements are a function of the electronic conflguration of their atoms
which vary with increasing atomic numbers in a periodic manner”,

1.7 CLASSIFICATION AND LONG FORM OF PERIODIC
TABLE ON THE BASIS OF ELECTRONIC CONFIGURATION

The electronic configuration of elements provided a sound
fundamcntal basis to the classification of elements. The propertles of
elements change in a perlodic manner as the atomic numbers
Incrcase from one Inert gas to the next higher inert gas. Thus it would
bc better to sclect inert gas family for studying the correlation between
electronic conflguration and periodicity.

The basic coneept of Aufbau principle of bullding up of elec-
tronic shells is that every electron goes to the available lowest energy level-

The energy sequence of orbitals is 1s, 2s, 2p, 3s, 3p. 4s. 3d.
4p, 5s, 4d. Sp, Bs, 4f, 5d, 6p, 7s, 5f, 6d, 7p.

The periodicity of elements is closely related with this sequence
of energy levels. The. similarities among elements leading to the
formation of various groups from I to VIII clearly correspond to
similarities in electronic configurations and particularly in the resem-
blance of valence electrons. On the basis of electronic conflguration
the elements can be divided as:
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Electronic Group and Types of elements
conflguration sub-group
(Valence Orbit)
ns' 1A s-block elements
ns? IIA

ns? np'-ns® np® MAtoVIIA | p-block active elements

“Snp’ VIII A or O p~block inert elements

ns
as reference point

(n-1)d' ns*~(n-1)d" ns’ |HIBtoVII B | d-block outer transition
andIB: 1l B elenients or elements
between s and p-blocks

1 1 2_
(n-2)f" (n-1)d" ns"~| o f-block or Inner
(n-2)" (n-1)d" ns? transition elements

The period number (numbers of horizontal rows) Is given by the
quantum number of the outermost orbit.

The tabular arrangement following Aufbau principle Is called
long form of periodic table. Periodic table is bullt up as follows on the
basis of electronic configuration:

Perlod-1: This period corresponds to filling up of K-shell. It is the
shortest period and contains only 2 elements H and He with electronic
conflguration 1s' and 1s2.

Perlod-2: This perlod corresponds to fllling up of L-shell. In this
perlod electrons occupy. 2s and 2p orbitals. Thereflore, it contains 8
elements from lithium (183.23') to Neon (183.25’.2])“). It is called
first short period.

Perlod-3: This period corresponds to the filling up of M-shell. In
this period 3s and 3p orbitals are belng filled. It starts from Na and
ends at Ar, This period also contalns 8 elements and is called second
short period,

Perlod—4: This period corresponds to the filling up of N-shell. It

Starts with the fllling of 4s orbital followed by 3d and 4p orbitals.
It contains 18 elements. It Is called first long period.

‘— R
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Perlod-5: This period corresponds to the fllingup of O-shell. It startswith
thefilling of 5s orbital followed by 4d and 5p. It contains 18 elements,
ILis called second long period, ‘qol, e moi

Per!od—B:l This period includes 2 elements of s-block with configu-
talion Gs and 6s?, 10 clements of d-block with configuration -
652.5':!‘ lo l63 ,5d'° and 14 elements of f-block with conflguration
6s°,5d", 41" to 652,54!,4f '“{Lanthanides), Thisis an exceptional case
where clcetrons start fllling 4f orbltals after 5d accommodates one
electron,

Period-7: This perlod includes 2 elements of s-block with conflgu-
ration ;7 s' and 7s?, 10 elements of d-block with configuration
7s°,6d’ to 7s?,6d'%nd 14 elements of f~block with confliguration
7s%,6d',4f" to 7s2,6d',51"(Actinides). This Is also an exceptional
exaimnple where electrons are accommodated in 5f orbitals after 6d
acquires onc electron.

1.8 . TYPES OF ELEMENTS BASED ON ELECTRONIC

CONT'IGURATION

The periodic table has been divided Into s, p, d and f-blocks on
the basls of cleclronic conflguration:

(1) The Noble gases:-In the periodic table, the noble gases are
found at the cnd of each perlod In zero group. They are colourless
gases upto some extent chemleally unreactive and diamagneUe.

“The electronic arrangement of ns?,np°ls exceptionally stable.
Discontinuities In cnergy level dlagram occur after these conflgura-
Uons arc attalned. With the exception ol'hcllux;i [Z=;2]. all the noble
gases havc outer electronic configuration of 2s%,2p”. No atom has a
complctc outcr shell with the exception of hellum and noble gases.

(11) Represcatative clements or typlcal clements:- All cle-
ments of A sub-groups of the perlodic table are called representative
or typical elements. They include metals, non-metals and metallolds.
Some of the elements arc paramagnetic and some are diamagnetic.

lements of s and p-blocks,
mcsc{l:)cl;.x_c;c;:c;c elements:- In these elements the last electron

enters ns orbital which Is belng progressively fllled. The elements of

long to s-block. The valence shell configuration varies
}.A ands}[:: EZZ wlgacrc ‘n’Is the period inwhich the clement is present,
rom n(b) p-block elements:— The elements In which p orbllals are

belng progresslvely filled are called p-block elements. The elements of

9
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the groups I AIV A, VA, VI A, VII A and zero groups are members of
p-block, The valence shell configuration of these elements ranges
from ns?,np' to ns?,2p°,

(1) d-block elements (outer transition elements):- The
elements in which the last electron enters (n~1)d orbitals are called d-
block elements. These elements are also called outer transition
elements, The valence shell conﬂguraUOn of these elements ranges
from ns?,(n-1)d' to ns?,(n~1)d". There are four serles of outer
transition elements, the 4th Is Incomplete.

(lv) f-block elements (Inner transition elements):~ The
elements in which the last electron enters (n-2)f orbital are called -
block elements or inner transition elements. They have outer elec-
tronlc configuration: ns?,(n-1)d',(n~2)f**

ASSIGNMENT
1. Complete the following table:

Symbol | Atomic Mass Protons | Neutrons | Electrons
. number | number|
25 40 o1
zn {30 . 35
108 47
117 8
Cs 1133 78
Pb* 12 81
: 80 36

2. Explain the following with examples:
(a) s-bloclc elements
(b) p-block elements
(c) d-block elements
(d) f-block elements

3. ldentify the groups of the perlodie table that have following
groundstate electronic conflgurations In thelr outer shells:

(a) 3s2,3p°, 45!
(b) 3s%,3p®
(c) 452,4p®

10 (d) 6s?, 5d*, 4r*
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4. How is the atomic number related to:
(a) The number of protons
(b) The number of electrons

5. Explain the periodic system of classification of elements pro-
posed by Mendeleev and discuss its advantages and anomalies.

6. State the Periodic Law and explain how it was arrived at. In what
various ways does it help the chemists?

7. What are the main features of the periodic classification of the
elements? Explain some of its important applications.

8. Give the characteristic valence shell configuration of the follow-
ing:
(a) Noble gases (b) Representative clements
(c) Transition elements.
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CHAPTER 2

HYDROGEN

2.1 INTRODUCTION

Laboratory methods of preparation, properties and uses of: hydrogen have

already been discussed at secondary |
hydrogen will be considered. ary fevel. Here some more aspects of study of

2.2 POSITION OF HYDROGEN IN THE PERIODIC TABLE

Elernepts are arranged in the
configuration and to some exten
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and its valence shell consists of "s* orbital where as members of carbon family
21;% istc::;llxsds. Theyshow tetra valency and their valence shell consists of s and p

_I:Iydr ogen a_lso resembles with halogens in that it is a non—metal and forms
H IOHPY gaining electron from strong electro — positive metals. ThusNa “H™
and Na " CI™ arc comparable, It is also gas consisting of diatomic molecules
(H,) like F; and Cl,. However, it differs from halogens in that unlike 1™, H™
is mcnga.blc of existence in water since H, is formed immediately and there is
no stabilization due to solvation. Electron affinity of hydrogen is also much less

than halogens.,
[n the light of above facts, hydrogen does not completely resembie with me-

mbers of any one of the groups mentioned. Therefore, some authors place

hydrogen at the top of group IA, others place it at the,top of group VIIA. Its
exact position still remains undecided. The different behaviour of hydrogen

is because of its simplest atom which possesses asingly positive charged nucleus
and onc electron moving around the nucleus.

2.3 INDUSTRIAL PREPARATIONS OF HYDROGEN

Inindustry, hydrogen is manufaciured from water, natural gas and ammonia.
Mecthods are arranged in the order of their importance:

(i)Electrolysts of Water; When electricity is passed through water containing
a small quantity of an electrolytc (an acid, a base or a salt), water decomposes

into hydrogen and oxygen. Hydrogen collccts at cathode and oxygen gas, a
by — product, is collected at anode.

2H.O Electricity > 2H,,, + Oz

ascs produced are in the purest form. This process is cxpensive and is

The i
3 hydrogen where electricity is available at cheaper rates.

used to produce
(if) rbon i A mixture of steam and natural gas
ver nickel catalyst at 900°C, produees a mixture of hydrogen and

when passed o
carbor!: monoxide commonly known as Water gas. Natural gas contains about

94.60% methanc.

Ni
CHy i * H; O 900°C = 3LH:m j Cotgj

Water gas
13
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({ii)mmﬂmn_q[_sjﬂmmggjh When steamiis passcd.ovcr red hot coke
atabout 1000°C, a mixture of hydrogen and carbon monoxide (Water gas) is
formed.

o
C.+ H,0, 1000C Hyeo * COy

Water gas

Hydrogen is obtained in free state by removing carbon monoxide from water
gas. It is done by heating the mixture of two gases with more steam at 500°Cin
the presence of catalyst (Iron oxide or cobalt oxide). As a result carbon
monoxide is changed to carbon dioxide which can easily be separated by

dissolving in water under high pressure leaving behind free hydrogen gas.

Co,, + H, +H,Q, £0 CO; 0 +2H
500°C
Carbon monoxide can also be removed by cooling water gas at-200°C, with
the help of liquid air. Carbon monoxide becomes liquid and free hydrogen g2s
is separated. Traces of carbon monoxide are further removed by passing the
contaminated hydrogen through sodium hydroxide solution which absorbs
carbon monoxide to form sodium formate,

CO + NaOH > HCOONa SSodium formate)
() '0 {3

(iv) Steam Methanol Process; A mixture of steam and vapours of methanol
when heated at 250°C produces a mixture of hydrogen and carbon dioxide.

250°C
CH,OH(,, + Hzom T Cozm + 3H:m

Carbondioxide is separated by passing the mixture through water under his:
pressute where by CO, will dissolve in water and free hydrogen gas is obtainec:

(v) Therma] Decomposition of Hydrocarbons:  Methane (a major €O
stituent of natural gas) when heated in the absence of oxygen, is decomposc
into its constituent elements.

0
cH —10C 4oy

1" 1) t ()

Carbon thus obtalned Is known as "Carbon black" which s a by—product
and Is used in rubber Industry, speclally as fillers for tyres, It is also used 35 3
plgment for Inks, plastics, paints, type wrlter carbon papers ete.

14
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. (vi) Thermal Decomposition of Ammonia; This process consists of vaporiz-
ing the liquid ammonia from eylinders, heating at 1000°C and passing over
an active catalyst,

1000°C
ZNHatu Catalysz_* N: (g) * 3H:m

The mixture of nitrogen and hydrogen is cooled to — 196°C when nitrogen
becomes liquid and free hydrogen gas is obtained.

2.4 ATOMIC HYDROGEN

Ordinary hydrogen exisls as dlalomic molecules (H,). therelore, It Is also called
as molecular hydrogen. The two atoms in a molecule of hydrogen are held
together by a shared pair of electrons known as covalent bond having very high
bond energy (104 K cal. mol ™), The molecules are very stable and dissocate

into atoms only under extreme conditions. The product obtained as a result of
dissociation of molecular hydrogen is known as atomic hydrogen, These atoms

have very short life and quickly combine togetherto form molecules again.
: Atomic hydrogen is.pr.cparcd by thermal
decomposition of ordinary hydrogen orby electrical dissociation under reduced

pressure.
0
S000°C . o1

(i) Hy + 104 K.cal

e Electric discharge > 2H
(i) H’“, 1mm —0.1mm pressure :

el Atomic hydrogen i: more reacti:lc
i lecular hydrogen arc only

lecular hydrogen. Expected reactions of mo
i:i?cr?r? w.:;?ch mc);re than 104 K.cals per mole are evolved per two gram atoms
£ hydrogen. Reactions producing less than this energy will not take place
etk fatomic hydrogen, there Is no such condition,

igg?tt Z?fﬁ: srlgﬁggg ::;:ca gllao.:: :t ordinary temperature and'somc even below
room temperature, Some reactions of atomic hydrogen are given below: —
P+3H » PH,
O, +2H —» H,0,
S + 2H > H,S
cl, + 2H » 2HCI

15
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CuO +2H > Cu+H,0
AgCl+H —> Ag + HCI

Uses: Atomic hydrogen is used to produce atomic h).rdrogen.torch to fntain
a temperature of 4000 — 5000°C which is employed in welding aluminium
alloys, high chromium and nickel steels. It is based on the fact that when a jet of
hydrogen is passed through an electric arc set up between Ehc tungsten rods,
atomic hydrogen is produced which at once rccomb:ines to give flame havi.ng
a temperature between 4000 — 5000°C. The heat is not produced by burning
of hydrogen but from recombination of hydrogen atoms.

H+H >~ H, + 104 K. cal. mel™

1]
It is worth to note that hydrogen set free at the time ofits preparation from

its compounds is also in atomic form and is commonly known as nascent hy.
drogen. If a substance capable of reacting with these atoms is present, the reac-

tion will take place before any H_ molecules are formed but if such a substanct
is not present then hydrogen atoms unite together and form H, molecules.

That is why nascent hydrogen is more reactive than ordinary molecular hy-
drogen.

2.5 BINARY COMPOUNDS OF HYDROGEN

Hydrogen combines with other elements and forms binary compounds which
are called hydrides. Hydrogen forms binary compounds with all types of elements,
metals and non-metals excluding zero group gases. Hydrides, therefore, have also
varied structures and properties. So hydrides may be classified into the following
major groups according to the nature of bonding and properties:

(i) Ionic o salt like hydrides
(if) Covalent hydrides
| (iii) Complex hydrides

(iv) Metallic hydrides

(v) Polymeric hydrides

(vi) Border line hydrides

(i) Ionic Hydrides: '
IA alkali metate) These type of hydrides are formed by the metals of group

d group IIA (alkaline Mg. In
th : carth metals) except Be and Mg
; :se hydrides, meta] atoms form positive ion by losing valenl::c electrons and
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hydrogen forms negative ion by gaining that electron in order to complete its

shell. They have general formula M H in case of group IA and M'H, *in case
of metals of group IIA. Therefore, these hydrides are known as ionic hydrides.
Also they possess salt like characters. Therefore, they are called salt like or

saline hydrides. They are prepared by passing hydrogen gas over hot alkali
metals or alkaline earth metals.

Heat

2Na + H, ———> 2NaH,,
2000C  godjum hydride
Ca + [_I2 Heat > CaH

2
200°C  Calcium hydride

They are colourless nonvolatile salt like solids having high n}elti.ng points.
They are sufficiently stable towards heat. Stability decreases wn.h increasing
atomic masses. They are insoluble in organic solvents but soluble in water with
which they react and produce hydrogen. They also produce hydrogen on reac-

tion with acids and alcohols.

Na H + H,0 > NaOH + H,,

N H + HCl —> NaCl + H;

Na H+ GH,0H 2O HONa + Hay,
e I_itz-n +2H,0 _ —> Ca(OH), + 2H,,,

orous with hydrides of alkali metals and moderate with

Suchreactions aré vig metals. Generally CaH_ is used to prepare hydrogen.

hydrides of alkaline earth

urce for producing hydrogen, as feducing agents in
d as dehydrating agents for organic solvents.

e . Elements from group IIIA to group VIIA form
: (ii) ds with hydrogen. They contain covalent bonds, therefqre,.thcy
et ent hydrides". They can be prepared by direct or indirect

"Cﬂﬁ'ﬂl ' :
?nr:theggsgs shown in the following examples:

They are used as a SO
metallurgical processes an

Sunlight o sHCI
Ignition
S gnaiso"c e
H, + S — st
cac’ + 2!{:0 > Ca(OH)’ + CZHz

H, + Cl, —

17
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Al,C, + 6H,0 > 2Al,0, + 3CH,
Mg,N, + 6H,0 > 3Mg(OH), + 2NH,
Ca,P, + 6H,0 —> 3Ca(OH), + 2PH,
PClL, + 3H,0 > H,PO, + 3HCI

They are colourless gases or volatile liquids having low b.oiling points except
water which has high boiling point (100 °C) due to polarity of molecule and
presence of inter—molecular hydrogen bonds.

Hydrides of group ITIA and IVA are neutral. Hydrides of group VA are basic
while those of group VIA and VIIA are generally acidic. Acidic strength
increases from group VIA to VIIA and from top to bottom.

(iii) Complex hydrides: Members of group IILA do not form stable binary
compounds except boron. However, hydrides of these elements combine with
alkali metal hydrides to form compound of complex nature possessing all the
three types of chemical bonds. These compounds are called complex hydrides
and have general formula ABH, where A is univalent metal ion such as Li * |

+ ’ - s .
Xl% , et and B is trivalent positive ion of elements of group IITA such as B3,
etc.

LiH + AlH;, —— LA™ H]
NaH + BH; ——— Na'B™H,

These compounds are salt like white solids,
soluble in water in which they ionize to give L
immediately reacts with water to produce hydrog

stable upto 300°C. They are

nd AlH, ions, the latter ion
en.

Na A]}T‘ - 4H10 Al(OH)g, C NH.OH + 4H2 (g)

) latinum, ni
in hydrogenation reactions, P M. nickel etcare used as catalysts

(v) Bolymeric Hydrides: First two members of group IIA ; :
magnesium form hydrides having formulae (Bel—lf;n aidl?h;.;}l;e;z “gler:amﬂ
2 )0
18
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large number of B
are known as "POly?‘tI]i:ianhd MgH, molecules are polymerized, therefore, they
¢ hydrides". Their structures are given below:

(H H :
N R H G s
/Be\ /Be\ and Mg Mg
\\ \ \ \\
I-H H \. n H/ \‘H/ -

Their propertie i
S : L L
hydrides. P are intermediate between ionic hydrides and covalent

(vi) Border Line Hydrides: Th i
: These hydrides are formed by metals of group
IB, IIB and few metals of group IIIA such as indium and thallium e.g CuH,,

ZnH, and TIH,. These hydrides are intermediate between metallic hydrides
and covalent hydrides.

2.6 ISOTOPES OF HYDROGEN

ements was first discovered by J.J. Thomson
ties of neon. The isotopes may
i mi m

~ The existence of isotopes of el
in 1912—1913 while working on the proper

be defined as "

" Atoms that have the same number of protons but
heir respective nuclei.”

ture are mixture of several isotopes. Isotopes
es while isotopes of other elements are not

It may also be defined as
different number of neutrons int

Nearly all elements foundinna
of hydrogen are given special nam
given any special name.

There are three isotopes of hydrogen,

(i) Deuterium

namely:
(i) Protium (iif) Tritium
3): It is also known as ordinary hydrogen. It contains one

i) Proti ( : o T(F
prot(o)nmcleusland there is one electron in 1s orbital(First shell). It has
omic mass number 1. Naturally free occurring hydrogen

atomic number 1 and at _ .
or in the form of compounds contains about 99.98 percent protium.

(i) Deuterium (D or L H): “isalf“a“'v‘d"Ijlcawh)'dmgcn“although this
name isinappropriatc pecause there 1§ another isotope of hydrogen namely

iti ich i :or than deuterium.
*Tritium” which is even heavier

ns one proton
has atormic.n

and one neutron in the nucleus and one electron in
umber 1 and atomic mass number 2, It is present in
19

It contai
1s orbital. It
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naturally occurring hydrogen to the extent of about 0.0156 percent. i.e in tp,
ratio 1:15000

(iii) Tritivm (T or :H)= It contains 1 proton and 2 neutrons in the nucleys
and 1 electron in Is orbital. It has atomic number 1 and atomic mass number 3,
It occurs in very small quantities in the naturally occurring hydrogen to the ey.
tent of about4x 10~ 1 percent. It is radio —active form of hydrogen and hg;
half life of 12.5 years,

Fig. 2.1 Fig. 2.2 Fig. 2.3
Atomic composition Atomic composition Atomic composition
of protium of deuterium of tritium

ASSIGNMENT

1. With the help of balanced chemical equation,explain what happens whez:
(i) Zinc is put in dilute hydrochloric acid
(ii) Zinc is put in concentrated sodium hydroxide
(iii) Hydrogen is passed over hot tungsten oxide.

(iv) Hydrogen is reacted with carbon monoxide in presence of a cataly®
2. What do you unders

of hydrogen, tand by:the teern isotope? Define various isotop”

3. What is water gas and how is it prepared?
4. Are the reactions of ordi
What is atomic hydrogen?

5. Write notes on the following:
(i) Position of hydrogen i i
i) Po gen in the periodi
(ii) Binary compounds of hydrogen T

20
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S —BLOCK ELEMENTS

3.1 INTRODUCTION

_ The elements of IA and I1A groups of the periodic table are referred to '
as s_-Blo.ck Elements" because they are associated with ns* and ns? valence shell
electronic configuration respectively as shown in table 3.1

Table 3.1 Electronic Configuration of s —block elements

Elements of Symbol Atomic Electronic Principal 1
Group IA Number Configuration | Oxidation State
Lithium Li 3 [He]2s' r
Sodium Na 11 [Ne)3s' I
Potassium K 19 [Ar}4s’ i
Rubidium Rb 37 [Kr)5s"* ¥
Caesium Cs 55 [Xe]6s' 1
' Elements of Symbol Atomic Electronic Principal
Group IIA Number Configuration | Oxidation State
Beryllium Be of 4 [He]2s® 2"
Magnesium Mg 12 [Ne)3s® 25
Calcium Ca 20 [Ar)ds? 2"
Strontium Sr 38 [Kr]5s® 2"
Barium Ba 56 [Xe]6s® 9t
21

Scanned with CamScanner

Download Books Guides Notes & Tests at www talibilm com

O R 0 A 5 e, e i e . <

o O O P LS I il ML O B e

ER LT



___www.talibilm.com

The elements Francium—87 and Radium—88 are radioactive and have
been omitted from respective groups. The IA group elements are called alkali
metals because they form soluble hydroxides which are alkaline. While IIA gr-
oup elements are known as alkaline earth metals. Their hydroxides are also
alkaline but they are sparingly soluble in water and these mctals exists as their
oxides in the earth,

The elements of both these groups with the exception of Be which gives many
distinctly covalent compounds, form colourless ionic compounds, KMnO, is
pink colour due to the colour of MnO, ions. Inthese compounds, they exhibit
fixed oxidation state.of 1* and 2" respectivelv. The compounds of IA group
and I1A group elements differ markedly in their solubility and thermal stability,
These differences in properties arise mainly from differences in ionic size and

charge densities.

The lightest elements (Li and Be) of these groups are unique in many ways,
because their small sizes result in a high charge densities on-the ions which
produce strong polarizing effects and high heats of hydration. Lithium and
beryllium differ markedly from their heavier congeners. Lithium has many
similarities to its diagonal neighbour magnesium. in Be group, Be shows

resemblance to aluminium which is its diagonal neighbour in boron group.

3.2 GROUPTRENDS IN ALKALI AND ALKALINE EARTH
METALS

In this section, the group trénds in propertles such as electronegativity,
jonization potential, heat of hydration. sizes of atoms and ions and other physical
properties are discussed.

(i) Electronegativity:— The elements have very small electronegativity
values and are generally called electropositive elements. Electronegativity
decreases from Li through Cs as one moves down the group. Pauling's
electronegativityvalues for JA and IIA group elements are summarizedin table
32

Table 3.2 The electronegativity values of s—block elements

Elements of Li Na K Rb Cs
Group IA |
Electronegativity 1.0 0.9 0.8 0.8 0.7
g
Elements of Be Ba
Group IIA Mg ! !
Electronegativi
ol e1s 1.2 1.0 1.0 09
22
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(i) Ionization Potential:~ s-Block elements in general have low t'irl%5

ionization enthalpies because the outer’s — electron is shielded very effectivel
from the nucleus by the inner electrons. The first ionization enthalpy of each of
the alkali metal is lower than corresponding alkaline earth element in the same
period, because the latter has an extra nuclear proton which causes an increase
in the electrostatic attractive force between the nucleus and the outermost
electrons. Secondly there is a progressive decrease in ionization enthalpies in
each series as the outer most electron is less firmly held as the group IS
descended. These generalizations can be seen by comparing the ionization
enthalpy values of s —block elements given in table 3.3

Table 3.3 First and second Ionization enthalpies of s — block elements

=7 |

Elem £ G IA First Ionization Second I[onization thy
e o Enthalpy AH-KJ mol e Enthalpy AH-KJ mol
Li +525 + 7304
Na + 500 + 4563
K +424 + 3068
Rb +408 + 2644
Cs +308 + 2257
r First Ionization Second Ionization i
Elements of Group 1A | o oy AH-KImol ™ | Enthalpy AH-KJmol
+ 906 + 1760
:[c +742 + 1450
- +596 +1150
= +554 +1060
:’ +508 +1000
a

f elements that is the firmness with which outer

thal ies 0 )
?]:12’ is a‘:so related to the sizes of the atoms (See table 3.4).

halpies decrease with increasing size of the atom down the

The ionizatio

s —electrons are

The ionization ent
group.

23
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(iii) Radii Sizes of Atoms and Cations of s —Block Elements: — The alkali

‘metals have. the largest covalent radii of all the elements in their respective
periods because they possess the smallest nuclear charge which exerts the
weakest electrostatic attractive force on the outer most electrons. The elements
of Be family have the next largest atoms because of the same reasons. The
covalent radii of these elements are listed in table 3.4.

Table 3.4 Covalent radii of s-block elements

IA Group Li Na K Rb Cs
elements
Covalent 0.123 0.157 0.203 0.216 0.236
radius (nm) -
I1A Group Be Mg Ca Sr Ba
elements
Covalent 0.089 0.089 0.174
e , 0.19} 0.198
(iv) Radii (Sizes) of Cations:— Since the elements of IA and ITA groups

have large sizes. Low ionization enthalpy,

low electron affinity v
elements readily lose their valence electro W eshiese

: : ns to form cations with a positive
chargeof 1" and 2" respectively. In the process of formingM'* and M?* ions.

alkaliand alkaline earth metals acquire th i
. ) e confi uratlon . .
gases in the previous period. e.g, 8 softhe respective inert

Na —> Na'* + !
[Na] 3s' [Na]

and Mg —>  Mg** + 2¢™
[Ne] 3s? [Nej

In Na* ions the outer electronic level now being empty, the number of
protons in the cation exceeds the number of electrons. The size of the cation is
relatively much smaller than the parent atom. The alkaline earth metal cations
are even smaller than corresponding alkali metal counterpart in the same
period. The sizes of cations are summarized in table 3.5.

24
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T shoizaidd (iv)
Table 3.5 lonic sizes of s —block elements. TY%E
“I—L* —

IA Group ions o Na* K* Rb* Gé

Cation radius 0.060 0.095 0.133 0.148 0.169
(nm)

1A Group Bel* Mgz+ ca** sr2t Ba**
ions

Cation radius 0.031 0.065 0.099 0.113 0.135
(nm)

(v) Hydration Energy of lons:— The alkali and alkaline earth metals

g . 1+ 2+ .
require considerable amountofenergy to form M, ‘and M,,, ions respec-

tively (See table 3.3). But when these ions are formed in solution, M., and

M:: . the energy required in the formation of gaseous ions is off set by the

high negative values for the enthalpies of hydration of the ions listed in the table

5 CEEREEE i R e

3.6.

: -1
Table 3.6 Enthalpies of Hydration for s —block elements in KJ mol™ ",

L§:" Na®* K* Rb* ce*
-499 -390 -306 -281 .248
Be’* Mg’ * Ca** Se** Ba®*
-2425 -1891 -1562 -1414 -1273

& s B & TH ™ DAk ak Il a

D —— T W, ¥

ions ( M* ") are more strongly hydrated than alkali
| ions ( M'*) because M*™ ions have a stronger electric field than M
o dration enthalpy increases with decreasing size of the ion and it is true
;)on.;. ny r:fllioand M?* ions. Thus Li'* is the most readily hydrated of the alkali
mittaloi:')ns as shown by its high negative value il:ld smflll ionic size for_ the
enthalpy of hydration. The same is true for lhc? B? lons in l.hc [IA group ions.
The ease of hydration falls down the group with increasing size of the ion.

The alkaline earth metal

25
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(vi) Electrode Potentials:— The s—block .clcmcnts are powerful reducip
agents and this is evident from their high negative aqueous electrode polentiali
(reduction)e.g, Lii" /Li,, couple has exceptloqally high negative electrode
potential because of its large value for the hydration enthalpy which Promoe
oxidation of Li,, toform Li}* ion. The electrode potential values arq Useq
to predict the ease of the formation of Mf.:J ions from the respective metg] atom

Table 3.7 shows the electrode potential values of s —block elements,

Table 3.7 Electrode potentials (Reduction)of s—block elements

e &

IA Group elements E°%(V) [IA Group elements EQ(V)*“
Li*/Li -3.05 Be?*/Be -1.85 4
Na*/Na | 271 Mgz Mg -2.37
K*/K 293 Ca’*/Ca -2.87
Rb™/Rb -2.93 Sr**/se -2.89
Cs, /Cs 202 Bal+ /Ba
_ -2.90
o el g 1t el

raPld oxidation by that solveny, O “2te" @ the solvent because of hel

26
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Table 3.8 Densities of s — block elements

s < T
gfcn:‘i_tgr) 0.53 0.67 0.86 1.53 1.90
af::‘i_t% 1.85 1.74 2.54 2.62 3.35

The densities of elements
earth metals are, however,

period.

ncrease as the groups are descended. Alkaline
denser than corresponding alkali metals in the given

The LA group metals have very low melting and boiling points. The generai

decrease in melting and boiling points is seen as the group is descended.

The I1A group metals are appreciably harder than alkali metals because the
presence of divalent cations ir: their metallic structure produce greater binding
forces. Thus they also have larger values for their melting and boiling points as

shown in table 3.9

Table 3.9 Melting and boiling points of s—block elements

IA Group Li Na K Rb Cs -
elements
Melting point 180 98 64 39 29
(°C)
Boiling point 1330 890 774 688 690
(°C)
S
ILA group Be Mg Ca r Ba
elements _
Melting point 1280 650 850 768 714
(°C)
: 487
Boiling point 2477 2110 1 1380 1640
(°O)
27
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3.3 CHEMICAL PROPERTIES OF s—BLOCK ELEMENTS
3 ~ Allthe s—block elements of the periodic table except Be and Mg are highly
=, reactive elements. The reactivity increases down each group and elements of
‘,!, ~lithium group are more reactive than corresponding members of beryllium

family. Thus metallic caesium (Cs )is the most reactive of all the s—block
elements.

The chemistry of s-block elements is dominated by their tt.:ndenc?' to loose
s-valence electrons and to attain the stable inert gas configuration. This tenden-
cy is supported by low ionization enthalpy and high negative electrode potential
values for these elements. They are among the most powerful reducing agents
and combine directly with most non — metals yielding binary ionic salts.

2M + X, 2MX (M = Li, Na, etc)
M+ X, MX, (M= Be, Mg, etc)
Reactions with Hydrogen: —
2M + H, 2MH (All alkali metals)
M + H, MH, (M = Ca, Sr, Ba).

! Reactions with Nitrogen: —

- 6M + N, 2M,N (All alkali metal nitrides)
3M + N,

- M;N, (All alkaline earth metal nitrides except Be).

Reactions with Oxygen:  The alkali and akal;
: : kaline earth irectl
combine with oxygen producin ] ey metals directly
& vanety of compounds, e. :
%), perdxides ( 0; i » €.8, normal oxides

") and super oxid |
pends upon the metal and congitions. *# (02" The type of the RISqUctdo

MO, (Super oxide M = K.Rb, Cs)
2 ——— 2ZMO (M= B, Mg, Ca)

MO, (Peroxides M =Sr, Ba)
28 |
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Waler: — Most of the alkali and alkaline earth metals react

with water violently and explosively. Be and Mg form a protective coating of

hydrated metal oxide on their
. surface .
from extensive corrosion b by the action of water and are protected

Yy water. Magnesium reacts more extensively with

boiling water.
(Alkali m:tals) OH,,,, + H,
M ZH'O M2+ (Ol:f)“.q, + Hz(l)

(Alkaline metals)

Boil
Mg + 2H,O Mg (OH), + H,,,

3.4 OCCURRENCE AND EXTRACTION OF METALS

(a) The Alkali Metals: — The IA group metals are very reactive and do not
occur frecin nature butare found invariety of compounds which are verystable.
The alkali metals sodium and potassium are most abundant. Caesium is rather
rare and Francium exists only in trace quantities as the product of radioactive
decay. Fr is itself radioactive. The metals can be obtained in the free state by
electrolysis of fused salts such as chlorides. The following discussion gives the

extraction of sodium as an example.

Manufacture of Sodium by Down's Process:

The electrolysis of molten sodium ch}oride for industrial production of
sodium metal involves the reduction of Na ions at the cathode. This is carried

out in Downs cell shown in fig.3.1.

Cl,
3 — Fooev- =
v
Sodium — 3 Fused sodium chloride
ﬁ ¥ L _| ~ (and calcium chloride)
Flg. 3.1
Electrolysis of e Ir.on gauze
fusedNaCl. | \— == diaphragm

Carbon

lron
anode
cathode

29
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In this process a mixture of sodium chloride and calcium chloride is
electrolyzed in a cylindrical outer iron cell lined with fire —bricks. Calcium
chloride is added to sodium chloride to decrease the fusion temperature tg
about 600°C (The melting point of pure sodium chloride is 801°C), This
lowering in melting temperature makes the process feasible. The cell is fitted
with a central graphite anode and a surrounding iron cathode. The two
electrodes are separated by a cylindrical iron gauze diaphragm which screens
the graphite anode from the ring—shaped iron cathode. This keeps away the
molten sodium metal which floats to the top of the cathode compartment from
gaseous chlorine formed at the anode. The sodium metal collects in the inverted

trough (T) placed over the cathode, rises up the pipe (P) and is tapped off
through the iron vessel (V).

Some of the calcium ions are also reduced at the cathode to give calcium
meétal but calcium being much denser than sodium, does not mix with it and can
easily be separated. During electrolysis of molten salts Na™ and Cl~ are free
to move to the respective electrodes and the following reactions occur:

Cathode Anode

'i- - -
Na™ ions migrate to the cathode and

CI ions migrate to th
are reduced by the gain of electrons. e € anode and

are oxidized by the loss of electrons.

Nat + ¢

Nag, 2CT —=Cl,,, + 2¢

Over all reaction will be as illustrated bejow:

2Na™ +
2eq T o 2Na, Cathode reaction

2C1~
— = Cly + €~ Anode reaction
2Na* 4 2¢ Na, + @

——

)

(b)The Alkaline Earth Met

als: Magnesium occyr a : It
(MgCl, KCL6H,0), as Magnesite (MgCO,) s carnallite double sa

: 2DFA, and Dolomite (M t

Eﬁi’:lrraccte;i 1;1 different ways. ‘Fused carnallite can be direcfly Sli?targ:l;fcodagr a

Gt doh chlorides for electrolysis can be obtained by heating the carbonate
and heating the resulting oxides with RS

MgCO,

MgO,, +C, 4+
Al (1) (s) Cl:m A Tk MgClzm i Coul

i Mgoll) -+ CO

2ix)
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Alternately, magnesium :
i i chloride ' ipitated as mag-
nesium hydroxide by ad ding Slakeij ; I;:l“:sea water can be precipitat g

MgCl,,,,, + Ca(OH), = Mg(OH), + CaCl,,,,

Magnesium hydroxide j
€ Is heated t : : : PR
verted to chloride as above 0 obtain magnesium oxide which is

thff:lClum metz!l I obtained by electrolysis of a fused mixture of calcium
chioride and calcium fluoride, the latter lowers the melting point. i

_ Barium occurs as Baryt.és (BaSO,) and Whiterite (BaCO,). The carbonate
IS coswerted into the chloride by reaction with hydrochloric acid and barium is
obtained by electrolysis of fused chloride.

3.5 INDUSTRIALLY IMPORTANT COMPOUNDS OF
S —BLOCK ELEMENTS

(1) Sodium Chloride (NaCl):— Sodium chloride (i.e common salt or table

salt) occurs in nature as "Rock salt". Large deposits of rock salt are found in
Pakistan at Khewra. It also occurs in sea water to the extent of about 3 percent.
The salt is mined as solid or pumped fromunder ground deposit as a saturated
solution known as "Brine" by flooding underground salt beds with water by
boring. Most of the brine is used in industry for the production of sodium

carbonate and sodium hydroxide.

In tropical regions, sodium chloride is obtained by the solar evaporation of
sea —water, the impurities such as calcium and magnesium are removed by
treating brine with sodium carbonate and sodium hydroxide to precipitate these

metals. "

CaCO,,,, + 2NaCl

24 - f 2-
Ca Cl,,,+ NaCoO,

M G + 2NaOH,, , — Mg(OH), + 2NadCl,,,

Soluble barium chloride is used to precipitate sulphate. This purified pro-
duct is suitable for industrial use but requires further purification for its use

as table salt.

Sodium chloride is an essential part of our daily diet. It is also used as food
ve. In chemical industry, it is used in the manufacture of sodium metal,
_sodium hydroxide, sodium carbonate, sodium hypochlorite ()

31
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sodium chlorate (V), etc. The other chemical uses of sodium ch.loride are
in glazing earthen ware, regeneration of water softeners and in salting out of
soap.

(ii) Sodium Carbonate (Na,C0O,):—  Sodium carbonate is manufactured by

Ammonia —solvay process. The raw materials used are sodium chloride, lime
stone and ammonia gas. The process involves three important St€ps and its

flow —sheet diagram is shown in Fig 3.2.

NH,+NaCl solution
= —

\
Ammonical brine
1]

Fig. 3.2 (@__fr‘

Ammonia-Solvay Suspension of NaHCO,

process Fitration .
4 NHClnancoFe, co, + TNagCO)]

.
Heal
Sy M eatD);

Step I — Ammoniation of Brine: In this step a saturated solution of sodium

chloride (about 28 percent by mass) or brine is allowed to flow down an
ammoniating tower. The tower consists of mushroom —shaped baffles at short
intervals ‘which control the flow of brine and ensures proper saturation with

ammonia passing up the tower.

- i ni ine: In this step ammoniated

brine is allowed to trickle down a carbonating tower, called SOLVAY TOWER
fitted with baffle —plates and meets an upward current of carbon dioxide gas

obtained by heating lime stone. The baffle —plates check the flow of liquid
and break up the carbon dioxide into small bubbles to ensure good conditions

for the reaction. The carbon dioxide and ammonia react to give NH: and
HCO,ions.

+ 2-
2NH, ,, + CO,,,, + H,0,, 2NH, .+ CO, ...,
CO:(:QJ+ CO"U + Hzo(l) 2HCC)-:N.¢,

Hydrogen carbonate ion
(Bi carbonate ion)

32
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1.C.
[+2NH, + CO, + H,0 (NH,)!' €6},

2
2NH' HCOy0

&1 -3
- (NHJ:CO:M + Conm + H,O“,

+ -
The NH,and HCO,ions then react with Na* and CI~ ions of brine to
precipitate less soluble sodium hydrogen carbonate leaving ions of ammonium
and chloride (NH L and C17) in solution,

> +1 b3
NaCl, + NH HCO}, ;— NaHCO, ,, + NHCIg,,
Sodium bicarbonate

Since the overall effect of these reactions is exothermic, the temperature of
the material rises. This tends to increase the solubility of sodium hydrogen
carbonate and thereby inhibits its precipitation. To counter this adverse effect
the lower part of the tower is cooled. The precipitated product (NaHCO;,) is
removed by vacuum filtration and washed to free of ammonium salts.

ITI — Conversion rbongte:— The sodium hydrogen

carbonate is heated to give anhydrous sodium carbonate (Soda ash).
+ CO,,,

ZNaHCO: ) Na 3C03 ) + Hzow

reaction is recycled to the carbonating tower. Soda
m hot aqueous solution and yields sodium
CO,.10H,0) which is known as washing soda.

The CQ, liberated by this

ash is re — crystallized fro
carbonate deca hydrate (Na,

Sources of Materialsi—

(i) Brine is obtained from natural sources of common salt.

(if) Carbondioxide is obtained by heating limestone; large deposits of which
are found in nature.

CaCo,,,
lime stone

(iii) Ammonia is recov
after theremoval qf Nal-.lcop
ing the solution with quick lime-

i Caom + Co:m
Quick lime
ered from the solution of ammonium chloride left

by vacuum filtration. Thisis done by steam — heat-
obtained above.

Ca0,, + H,0, — Ca(OH), ,

2NH : cl oo Ca(OH),,, — CaClyy ¥ ZH'ON + 2NH“”
33
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Uses of Sodium Carbonate;— Sodium carbonate has extensive uses: €.8.

(1) In the manufacture of glass and water glass, water glass is made by fusing
sodium carbonate with sand.

Na,CO, + Si0, — Na,SiO; + Lo
sand or silica  water glass

The ordinary soda glass is manufactured by fusing a mixture of sand, calclum

carbonate and anhydrous sodium carbonate.
(2) Washing soda is used as water —softener as it precipitate
from water as carbonate.

s calcium ions

CaCO, ,, + 2Na £l

2+
Cay, + Na,CO, ..,

(3) Sodium carbonate is used in the making of soap, paper, detergents and
chemicals such as NaOH.
(iii) Sodium Hydrogen Carbonate (NaHCO, ): Sodium hydrogen carbonate

commonly known as baking soda can be obtained as precipitate by ammonia —
solvay process but it is all converted to sodium carbonate. However, sodium

hydrogen carbonate is commercially produced by treating saturated sodium
carbonate solution with carbon dioxide:

Na,CO, + H,0 + CO, - 2NaHCO,

Uses: = Sodium hydrogen carbonate is used as baking powder, in medicines
and as an antiacid.

(iv) :i= Sodium hydroxide is
one of the most imPortant chemicals of industrial use. This must gerl?::ldﬁed
carefully because it is caustic to touch and causes painful burns, It is commonly

known as caustic soda.

Sodium hydroxide is now manufactured by an e :
Castner — Kellner's process, y an electrolytic process, known as

Castner-Kellner's process :- This processis used for the preparation

of sodium hydroxide.
Construction and working of Castner-Kellner's cell:- Thi

:- This cell is
dlagrammetically shown In figure 3.3. The electrolyte is 25% w/wW

solution of sodium chloride containing Na and C1 lons as:

2NaCl—* 9N a+2Cl,
34

Scanned with CamScanner

Download Books Guides Notes & Tests at www talibilm com



www.talibilm.com ‘
S 6 LA S ———
The anode conslsts of a number of ttanlum platch.thre

T

chlorine is liberated. | TR R e
2C1——Cl, +2¢ (Oxidation) anlbos

The cathodc Is a steam of flowing mercury. In ordinary process

e

4

jum -
roxide
lion

ooy

\‘/

Flg"é:%\ Electrolytic manufacture of sodium hydroxide
{,\"x} .
x‘S:::‘\r
In castner —Kc
due to high voltage 0
discharged over merct

llner's process, H* lons arc not ga;lly discharged
f H* lons, on the contrary Na icns are easily
ry surface. The sodium, thus liberated dis-

solves in mercury forming an amalgam. _ |
2N5+25 —2Na (Reduction)
Na + Hg — Na / Hg (Amalgam)

3S

I oy iy 5 7 (7 ! SE IRty P E YL S O Sty o SRS
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The mercury containing dissolved sodium is sent to another
chamber called denuder where sodium reacts with water forming
sodium hydroxide and hydrogen.

2Na / Hg +2H,0 »2NaOH +H; + Hg

The mercury is recycled to dissolve more of sodium. Denuder is
packed with graphite blocks as hydrogen is easily liberated over
graphite surface.

The solution which flows out from denuder, is a solution of
NaOH which is evaporated to dryness.

Advantages of the process:- (i) The process is very efficient. (ii) This

process gives products of high purity. (iii) The possible reaction
between NaOH and Cl, is avolded by obtaining NaOH and Cl, in

separate chambers.

Disadvantages of the process:- (i) This process consumes large
quantity of electricity. (i) Inspite of strict control some mercury
vapours escape from the factory. This mercury contaminates sea
water. As a result, mercury becomes parts of tissues of marine
animals and plants resulting in pollution of food chain.

The use of this process has been banned and is being replaced

by Gibb's diaphragm cell process which does not use mercury but
gives the products of high purity.

. I . ' jes;— Itisa
white deliquescent and slightly translucent solid. It melts at 322°C with the

decomposition. It is highly soluble in water and dj ;
tities of heat. iy nd dissolution evolves large quan-

(1) Sodium hydroxide is a strong alkali and ionizes fully as Na* and OH™

i - - . - .
iﬁ:;f c;?o::l(‘ll_,t'l:m. Its characteristic alkaline properties include its action on
itmus turns blue) and neutralization reactions, e.g.,

Na’OH_ + H*cl - Na*Ci
( (nq) (aq) = Na Cl(“, + HZO(U
ii) Sodium hydroxid i i
bl y € reacts with ammonium salts on warming and liberates
Na Cll:HNH‘ c — NH'OH™+NaCl
4 (aq) H(nq) i NH3 (x) + HZO(D

36
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(iii) It precipitates in soluble metal hydroxides from their salts:

Fe3* 4 3JOH™
aq)

(aq)

Fe(OH)

als)

However, when precipitated h i j i i
" ydroxides are amphoteric, they redissolve in
excess of sodium hydroxide forming complex anions, e.g,

2+ =
zn (aq) + 20H {aq)
zn(OH)Hu 17 ZOH(:U

Zn(OH)

2 ()
(Zn(OH), ]2~
Tetrahydroxo —Zincate (II) ion

Uses; — Soc!ium hycilroxidc is used in the preparation of variety of chemicals
such as phosphine, sodium chlorate (I) and sodium chlorate (V), etc.

In indusgry, it is used in the manufacture of soap, purification of bauxite,
paper making and the manufacture of petroleum products. In textile
industry, it is used in bleaching and dyeing process in mercerizing cotton and in
the production of rayon.

Compounds of Alkaline Earth Metals:

(v) Magnesium Sulphate (Epsom = MgSO, ):— Magnesium —sulphate
occurs in nature as Kieserite (MgSO, .H,O). It is prepared by the reaction of
sulphuric acid on magnesium metal, its oxide, hydroxide or carbonate e.g.

Mg + H,SO, — MpSO, + H,

MgO + H_SO, - MgSO, + H,O
Mg(OH), + H,SO, - MgSO, + 2H,0
MgCO; + H,SO, _ - MgSO, + H,O + CO,

The hepta hydrate (MgSO, .7H,0) is the best known form of magnesium
sulphate and is commonly known as"Epsom salt”. It is used as a mild purgative.
It is soluble in water. When heated crystalline Epsom loses water forming

anhydrous magnesium sulphate,

(vi) Calcium Sulphate (CaSO,): Calcium sulphate occurs in nature as
anhydride. It also occurs as dihydrale (CaSO, .2H,0). Calcium sulphate is
sparingly soluble solid and produces permanent hardness in walcr.

Whengypsum (CaSO, .2H, O) is heated to about 100°C, it loses some water
of crystallization and is converted to calcium sulphate hemihydrate

37
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(CaSO, '!z" H,O)' This product is commonly known as plaster of paris. The reac-
tion is:

0
2CaS0, 2H,0,, 100°C_ | (cas0,),H,0 + 3H,0
Gypsum Plaster of paris

At higher temperatures gypsum loses all the water of crystallization to give
anhydrous calcium sulphate.
rous calcium sulphate and gypsum being the sources of sulphur
 dioxide are used in the manufacture of sulphuric acid. Gypsum is also used in
the making of cement.

CaSO, 1 H, O when mixed with water, sets in about 5 minutes to a hard mass.

This setting takesplace with expansion. This property permits to use in the
preparation of moulds used in surgery and castings,

(vii) Bleaching Powder:- Professor Odling suggested the formula of
bleaching powder as Ca(OCI)Cl or CaOCl, on the basis of available

percentage of chlorine.
It is prepared on a large scale by Hasen Clever process. The
plant consists of a number of iron cylinders in which chlorine is

brought in contact with slaked lime [Ca(OH)z]. Itis formed according
to the reaction.

Ca(OH), +Cl, —— ca0Cl, + H,0

The bleaching powder so formed is collected.

It is a white amorphous powder with
s smell of chlorine.
Reactions:- (i) Bleaching powder is generally used with reasonable
quantity of water. In aqueous solution, it liberates chlorine

CaOCl, + H0— i Le 3
H), +Cl
(1) When it reacts with aclds, chlorine ls(%t)&m" 2

CaOCl, +2HCI ———CaCl, +H,0+ Cl,

(iid) It liberates HOCI on reaction with atmospheric CO and moistur
2 o) i

2Ca0Cl, +CO, + H,0 »CaC
Uses:- (i) It is used for sterlization of dnnmnga aCla +2Hocl
bleaching of cotton, linen and
’ Paper pulp. (iij
preparation of Cl, gas and chloroform (CIr?Cl3 )) R oo e
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ASSIGNMENT

1. Explain the following:

(i) I..ithium and beryllium markedly differ from other members of their
respective groups.

(i) The first ionization enthalpies of alkali and alkaline earth metals are
g?nerally low. However, ionization enthalpies of IIA group elements are
higher than IA group elements.

(iii) Ionization potential decreases from Li to Cs.

(iv) Alkali metals have largest covalent radii.

(v) Alkali and alkaline earth metals easily form cations.

(vi) Na™ ions are smaller than sodium atoms.

(vii) Alkaline earth metal ions are more strongly hydrated than alkali
metal ions. |

(viii) Li* ions are more readily hydrated than K* ions.

(ix) Alkali metals are powerful reducing agénts.

(x) Li */Li couple has exceptionally high negative electrode potential.
(xi) Alkali metals cannot be used in voltaic cells.

(xii) Alkaline earth metals are harder than alkali metals.

(xiii) In manufacture of sodium, the two electrodes are separated by
iron —gauze diaphragm.

(xiv) Alkali metals are highly reactive.

(xv) How the given reaction is avoided during the preparation of sodium

hydroxide.
=Cl ., +ClO, ., + 3H,0,,

(aq)

60H;, +Cl,

(xvi)Na™ ionsare discharged at the cathode in preference to H* in the
manufacture of NaOH.
(xvii) Zinc hydroxide is soluble in excess of sodium hydroxide solution.

(xviii) Plaster of Paris is used in making plaster coats and moulds,
39
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2. Describe the extraction of sodium from common salt. How and under what

conditions sodium reacts with: (a) Water, (b) Nitrogen, (¢) Chlorine, (d)
Hydrogen and (e) Oxygen.

3, Describe the physiochemical principles involved in .the ma‘;mfaclure of
sodium carbonate by Ammonia —solvay process. How sodium carbonate reacts

with:
(i) Carbon dioxide, (ii) Silica, (iii) Calcium Hydroxide.

4. How sodium hydroxide is manufactured by electrolysis of sodium chloride?
Describe uses of sodium hydroxide.

S. What happens when sodium hydroxide reacts with:
(i) Ferric chloride, (ii) Carbon dioxide, (iii) Sulphuric acid, (iv) Zinc
hydroxide,(v) Chlorine gas and (vi) Ammonium chloride

6. Write brief account and uses of the following: —

(.i) Sodium c.hloride, (i) Calcium sulphate, (iii) Bleaching powder
(iv) Magnesium sulphate. (v) Sodium hydrogen carbonate.

T (?ompafc the propeérties of alkali and alkaline earth metals with respect 10
their first ionization enthal

pies, electrode potentials, melting and boiling points
and hydration enthalpies. 5 gand boilingp

%prlla};il and alkaline earth metals form only 1* and 2% jons reslpectivelY-

9. Discuss the variations i o
: n el !
ments. ectronegativity values and sizes of s—block ele:
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cHAPTER 4

P - BLOCK ELEMENTS

4.1 INTRODUCTION N

s Ic?eriodic chart has been divided into s, p, d and f blocks on the basis of
electronic configuration. The table 4.1 shows the division of s, p, d and f-block
elements: ;

Table 4.1 Division of s, p, d and f - Block elements

A - - VIIIA

A —— IIA

a2

s— Bloclg,cféh{'sists of the elements of IA and IIA groups, which has ns! and
ns? valence configuration. p—Block elements occur in the groups IIIA to VIIIA,
they have atoms in which the outer most p—orbital consists of one to six
electrons (np! to np®). The general valence configuration of p—block elements
nsz, np1 to ns?, npﬁ. As it is clear from the configuration that the total number
of electrons in the outer most shell of p—block, rises from three (3) for IIIA to
eight (8) for VIIIA group (except He). Thus the elements in which the filling
of electrons occur in p—orbitals, are called as p—block elements.

For example: — 6C12 = 1s2, 252, 2p® is the p — block element.

41
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[t may be pointed out that the position of elements in periodic table dep,,
upon the total number of electrons in their valence shells. The group “Umhr.:
corresponds to the total number of electrons in their valence shells, as Shrm,}

in table 4.2.
Table 4.2 Valence shell electrons
———
Group No. Element Configuration Total no: of valence electrong

s T —
mA Boron 1s? 2s? 2p' 3

-. Tt —
IVA Carbon 1s?, 2s? 2p? 4
VA Nitrogen 1¢% 2s%, 2p° 5
VIA Oxygen 1s?, 20", 2p* 6
VIIA Fluorine 1s%, 2¢% 2p° 7

There are 30 elements in six sub—groups of p—block. Out of which 10 ar
metals and 20 are non—metals. Among these elements one is liquid, 9 are gase
and 20 are solids. Following table 4.3, shows the metals, non —metals, gases

liquids and solids of p— block.

Table 4.3 Metals, non-metals, gases, liquids and solids in p-block elements.

—

Group No.

VIIA

VIIIA

—

Family

Halogen

Noblegas

B

42
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Group - Trends:- The properties of elements depend upon the number
and arrangements of electrons in valence shells. Atoms with the same number
of valence electrons would be expected to be chemically similar. Though the
elerpents of the same group are chemically similar but show gradual change in
their physical properties, due to different number of total electrons in inner

shells. For example, in the elements of IIIA group (boron family), the number

of valence e.lect.rons are these (ns’, np') but number of inner electrons are
different, this difference is given in table 4.4.

Table 4.4 Difference in inner electrons

' Element At.No. Inner electrons Valence
electrons

B 5 1s? 2s%, 2p'

Al 13 1s?,2s%, 2p% 3s?, 3p'

Ga 31 162 .‘_2s’*" ,2p®, 3s%,3p°, 3d" 4s? , 4p'

It means B, Al and Gapossess 2, 10 and 28 inner electrons respectively. Due
to this reason, we do not only observe in a group a simple repetition of properties
but also more or less marked and regular variations. The regular v-aria}tior}s ip.
the properties are known as Group — trends. For example, the atomic size, ionic
size, metallic_character increase from top to bottom in each group; where as
electronegativity and ionization potential decrease down the group. The group
trends in physical properties are discussed below:

(i) Atomic Radii: The atomic radii increas; down the group in all “p — block”
elements. In each group, with the rise of atomic numbers, the number of energy
levels increase. Due to the increase in the number of energy levels, the atomic
radii increase down each group of “p — block” elements. It means that the size
of first element in each group is smallest and last element is largest. The trend

in atomic radii is shown in table 4.5

43
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Table 4.5 Trend in atomic radii in p — block elements in

Angstrom unit (A°)

—
ITTA IVA VA VIA VIIA VIIIA
B C N O F Ne
0.80 0.77 0.74 0.74 0.72 1.60
Al Si P S Cl A
1.25 1 1.10 1.04 0.99 1.91
Ga Ge As Se Br Kr
1.25 1.22 1.21 1.17 1.14 2.0
In Sn Sb Te | Xe
1.50 1.40 1.41 1.37 1,38 2.2
Tl Pb Bi Po At Rn
1355 1.46 1852 1.52 — 2L

(ii) Ionic Radii:~ Ions are formed by gain or loss of electrons. p — Block
elements include metals and non—metals, so they form positive as well as

negative ions. It may be pointed out that positive ion is smaller than its parent
atom and negative ion is bigger than its parent atom.

Ionic radii increase from to

P to bottom in each group of p — block elements
due to increasing atomic —

radii. The values of ionic radii are given in table 4.6.
Table 4.6 Trend in‘onic radii in P — block elements in
Angstrom unit (A°)

44

A E™ IVAE™ VAE™® VIA E2 VIIA (E)
B C N o)
0.20 0.15 1.71 1.40 1.F36
Al Si P S ]
0:50 0.41 2.12 1.84 12311
Ga Ge As Se 1
0.62 0.53 2.22 1.98 1.B;5
In Sn Sb Te I
0.81 0.71 2.45 2.21 2.16
Tl Pb Bi Po t |
0.95 0.84 3
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(iii) Electronegativity:.- Tpe relative tendency of an atom to attract the

self is known as electronegativity. It decreases

o l : k elements (except — IIIA). The electro negativity
Is inversely proportional to the atomic size. The atomic size increases in each

group from top to bottom, hence electronegativity decreases down each group

shared pair of electrons to it
down the group in all p — bjoc

in p — block elements. It means the electronegativity of first element of each

group i? highest and last element is lowest. The trend in electronegativity is
shown in Table 4.7.

Table 4.7 Electronegativity trend in p — block
elements (No unit)

ITIA IVA VA VIA VIIA VIIIA
B G N O F Ne
2.0 2.5 31 35 4.0 —
Al Si P S Cl Ar
1.5 1.8 5] 2% 3.0 —
Ga Ge As Se Br Kr
1.6 1-7 2.0 4S8 2.8 =
Xe
In Sn Sb Te I
) 4 3 7 4 1.8 231 25 -
T Pb Bi Po At Rn
1.8 127, 1.7 2.0 2.2 =

ial:— f energy required to remove the
nization Potential: The amount o equireC :
___————-_ﬂ____-__-_-___' -
outel:vm, claost electron from a gaseous atom, 1S called as ionization potential. It

decreases down the group in all p — block elements — (except IIIA) where there
ecre

is no regular change. e ol
- ic si ielding effect o
ionizati otential depends upon atomic size and shielding
, » e 1011126121“:331.3 It is inversely proportional to the atomic size as well as
u;lr.lelz;nge;gct i_e. smaller the size and lower is the shielding effect, the greater
shieldi -€.

will be the attraction and hence greater will be the ionization potential.

atomic size and shielding effect increase down the group, hence ioniza-

= reases down the group. The trend in ionization potential is

tion potential dec
shown in table 4.8.
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al trend in p — block elements

ization potenti
Table 4.8 loniza P KJ) approximatdY-

(Electron Volt) (i.e.v=95

IA VIIIA
1A IVA VA VIA VI .
e < 5 o 7F42 21.655
8.29 11.26 14.54 13.61 172
Al Si P S Cl : 1?{75
5.98 8.14 11.0 10.35 13.0 .
Br Kr
G As Se
g.% 6.163 10.0 9.75 11.84 13.99
1 Xe
I Sn Sb Te
5.1718 7.32 8.64 9.01 10.44 12,12
Tl Pb Bi Po At Rn
6.1 7.41 8.0 8.43 — 10.5

(v) Electropositivity or Metallic Character:- The tendency of an atom to

give out electrons is known as_electropositivity. This tendency decides the
metallic character, greater the tendency to give out electrons, more is the
metallic character.

The metallic character increases down the group in all “p — block” elements.
Metallic character depends upon ionization potential and electron population
of outer most shells. Metallic character is inversely proportional to both these
factors. The ionization potential and electron population of outer most shells

decrease down the group, hence metallic character as well as electropositivity
increasesfrom top to bottom.

The explanation of metallic character on the basis of e]

: i ectron population
of outer most shells is explained as under: pop

The maximum capacity of electron accommodation of boron in its outel
most shell is eight electrons and that of aluminium is eighteen electrons.

2 2 1
e.g. B=5=1s ,02s852p" (outer most shell is L. The ratio is 3:8)
2 . 2 _ 6 [FEE
Al=13=1s",2s",2p ,/8s7,3p (outer most shell is M. The ratio is 3:18)
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It means the electron population of aluminium is less than boron. Due to
less electron population, the number of neighbouring atoms in the lattice
increases, that is why metallic character of aluminium is greater than boron.

(vi) Melting and Boiling Points:~ Trend in melting and boiling points in
the groups of p — block elements is not similar. For example, in LA group,
there is no regular trend, in IVA group, there is decrease, where as from VA to
VIIA melting and boiling points increase down the group. This is because, the
melting and boiling points depend upon various factors, such as:

(a) Inter atomic forces (b) Inter molecular forces (c) Structure or state

Melting and boiling points decrease in IVA group because the strength of
inter atomic bond decreases down the group. The increase in melting and
boiling points from VA to VIIA may be explained on the basis of structure and
inter molecular forces. In these groups the structure gradually changes from
discrete state to aggregated state (gas to solid). As a result of this change, the
inter molecular forces increase and melting and boiling points increase down
the groups. In VIIIA group, the increase in melting and boiling points is due to
increase in inter molecular forces of attraction (all are gases). The trends in
melting and boiling points are shown in table 4.9.

Table 4.9 Trend in Melting and Boiling Points
' in p — block Elements.

Group No. IIIA IVA VA VIA VIIA VIIIA
Element B C N ) Lt Ne
n?.p"c 2300 - -210 -219 -223 -
b.p°C 2550 3840 -195.8 -183 -188 -246
Element Al Si P S Cl Ar
m.p°C 658 1410 44.1 119 -102 A
b.p°C 1800 2680 280 444.6 -35 -186
Element Ga Ge As Se Br Kr
m.p°C 29.75 937 814 217.4 -7.0 =
b.p°C 1700 2830 633 685 59 -153
I Sn Sb Te I Xe
E;f?)lfg : lg5 232 630 450 114 =
b.p°C 1450 2687 1325 1390 184 -107
Element TI Pb Bi Po At Rn
m.p°C 303 327 271 = > y
b.p°C 1650 1751 1560 = ol 65
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4.2 BORIC ACID (H,BO,)

Preparation:-

(i) From Borax:- Boric acid is prepared by the action of sulphuric acid on
hot solution of borax. The resulting solution on cooling gives crystals of boric
acid.

Na,B,0, + H,SO, + 5H,0 > 4H,BO,; + Na,S0,

(ii) From Boron Nitride:- Boric acid is also obtained by the action of super
heated water on boron nitride.

BN + 3H,0 > H,BO, + NH,

Properties:- It forms soft, silky and white crystals. It is greasy in feel due
to the gliding of sheets over one another. It is sparingly soluble in cold water
but readily soluble in hot water. It is very weak acid and exclusively monobasic
acid, because it is beleived'that it does not only act as a ptoton donor but also
a lewis acid i.e. acceptor of OH™ ion.

B(OH); + H,0 =—=B(OH), +H "

The aqueous solution of acid acts as a mild antiseptic and it is also
employed as an eye — wash.

Boric acid on heating forms different products. At 100°C, it loses water
molecule apd fqnns metaboric acid (HBO,). At 140°C meta-boric acid changes
to pyroboric acid (H,B,0,) and on further heating it forms boric oxide.

J 8o 290%C , |

i e s* HBO, Metaboric acid

2

i) 4HBO, 140°C
2 ~H,0 H2B4O7 (Pyroboric acid)

abov240°
iif) H,B,0, “H,0 C+ 2B,0,

Structure:- Boric acid forms whj :
units are linked together by hydm“;e::e needle like crystals in which B(OH);

Waal’s forces of attraction. d :
» due to this : :
another and hence it is soft. reason, they glide easily over one

Borax = NaZB‘O.,.IOHao (Suhaga):

Borax is also known as sodium tetraborate decahydrate or tincal

48
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Preparation:— (i)Borax i e
NG Eorit aoid. (i)Borax is prepared by the action of NaOH or Na,C-_ij-_,ho_...l}., |

4H
:,’1303 - 2NaOH NazB‘O.’ + 7Hzo

4H,BO, + Na ,CO_ ~Na,B,O, + 6H,0 + CO,

(if) Borax is obtained from colemanit : i i
concentrated solution of Na CO. . nite (Ca,B,O, .SH, O) when boiled with
2 3 -

Ca,BO  + 2Na CO, - 2CaCO, + Na,B,O, + 2NaBO,

Properties of Borax:— It is a white crystalline solid. It is soluble in water
g

. and forms an alkaline solution duc to hydrolysis.

Na,B,O, + 7H,0 ~ 2NaOH + 4H,BO,

-

It is used as flux in soldering and welding. It is used in tiles and pottery glazes
and in manufacture of optical and hard glass (Pyrex and jena). 5

4.3 METALLURGY OF METALS

Aluminium does not occur free

Metallurgy of Aluminium: Occurrence:
d in combined state. It comes third in

in nature, but it is widely distribute
abundance after oxygen and silicon in nature. It forms about 7.3% of the earth’s

crust. Its important ores arce given below: —
(i) Kaolin = Alea.ZSiOz.ZHzo

(a) Silicates:—
(ii) Potash felspar = K,0.Al O,.65i0,
(iiii) Potash —mica = K,0.3A1,0,.65i0,.2H,0
(b) Fluoride:— (i) Cryolite= Na AlF
(c).Sulphate:— (i) Alunite = K,SO,.Al(SO,),4Al(OH),
(d) Oxides: — (i) Bauxite = Al,O,.nH,O

(ii) Gibbisite = AlLLO,.3H,0
(iii) Diaspore = Al,O..H O
(iv) Coruhdum = Al O,
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Bauxite; It occurs near village Khilla of Muzaffarabad; Village G'ian. and
Salhan of Tehsil Kotli ; Margilla hills of Rawalpindi ; surge of Attock district as
well as in Tharparkar and Dadu districts.

Corundum;— The varicties of corundum occur in Pakistan some of which
are described below:

(a) Emerald (green = Panna): — It occurs in Mangora of Swat state and
Mohmand agency as well as in Dir State.

(b) Ruby (red = chuni): — It occurs in Hunza, higher regions of Gilgit
and Azad Kashmir,

(c) Sapphire (blue = Neelum): — It occurs near Mochel in Pador district
of Kashmir,

(d) Topaz (yellow = Pukhraj):— R occurs at Gobar—o—Bach in
Lutkho valley of Chitral.

ion of inium

Aluminium is extracted from its ore bauxite (Al,O,.nH,O). The
extraction involves two steps:

(a) Purification of bauxite to alumina:
(b) Electrolysis of Pure alumina.
i uxife: —

Bauxite usually contains oxides of iron (Fe,0,) and silica (SiO ) as chief
2

impu rities. These impll.rities must beremoved inorder to get aluminium of good
%;ahty because these ‘mpurities make the metal brittle and liable to corrosion.
e bauxite may be purified by any one of the fol

upon the nature of impurities present in it lowing methods depending

(i) Hall's method: — This method s
containing Fe O, and silica (SiO e
is fused with sodium carbonate
aluminate, while the impurities F

e ed for the purification of bauxite
2)2 impurities. When finely divided bauxite

( a,CO,)._ It dissolves to form sodium -
€20, and Si0, are left unaffected.

ALO,.nH,0 + Na CO,

— 2de\10z + CO, + nH,0

The fused mass is extracted with w :
: : . ater leaving behind . i
heating the so obtained sodium aluminate (NaAlO oS impunities. I
2

) upto 50°C —60°C in
50
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presence of CO,
formed.

2NaAlO, + 3H,0 + CO, ~2AI(OH), + Na,CO,

The precipitates of Al(OH), are washed to remove Na,CO,, dried and.

ignited at about 1500°C to get pure alumina,

2AI(OH) —Heat
B CRSLS

(i) Baeyer’s method:— This method is used for the purification of ore

conta.ining excess of Fe, O,. When finely divided bauxite is treated with strong
caustic soda (45%), then the bauxite goes into solution as sodium aluminate

Al,O,.nH,O + 2NaOH > 2NaAlO, + 2(n)H,O

The solution is filtered to remove Fe, 0,
in first method.

(iii) Serpek’s method: — This method is used for the purification of bauxite
containing excess of silica (SiO2). The powdered bauxite is mixed with carbon
and heated up to 1800°C in the current of nitrogen, whenaluminiumnitride is

formed.

Alzoz.nl-lzo + 3C + N, » 2AIN + 3CO + nH,O

SiO, + 2C Si-+ 2CO

Aluminium nitride on hydrolysis with hot water, produces precipitates of
Al(OH), and NH, . |

AIN + 3H,0 ~ AI(OH), + tNH,

Aluminium hydroxide is filtered, dried and ignited, to ge; pure alumina.

Heat _ A1 0, + 3H,0
.__._.——-————""' ’
2AI(OH), 2 gl i ga

< of pure alumina: — The electrolysis is carried out in a steel

(iv) El l‘h carbon (graphite). The carbon lining serves as cathode, where

. Wit 4 . . .
Linali]g:;:‘?s carbon rods hanging in the molten mass as given in fig.4.1

onsists of alumina dissolved in fused cryolite and fluorspar,

‘l te C . .
The electroly point of alumina i.e about 950°C and fluorspar

Cryolite lowers the melting

o1

 — ST RN R A R e

Scanned with CamScanner

Download Books Guides Notes & Tests at www talibilm com

B

» the precipitates of aluminium hydroxide [AI(OH),] are

remaining part issame asdescribed

B T P

| S D ML P

e —— L W



PR EREE " TOEINER. - T TTAa M se s W7 F -

www.talibilm.com

IVIES W/ Al sl ] Wl Wil MWW WILNW || W W Wikl U LIV VA

increases the fluidity of the melt, so that the .liberated qlumxr;l:ctintﬁ?))l’];;lnlfh?;
the bottom of electrolytic cell. When electric current l_fa I:‘t‘;te T ks 1o
mixture, then aluminium is obtained at cathode in liqul = ot

bottom from where it is drawn periodically through the tappin

e

Molten
electrolyte

Anode

Steel tank

Carbon lining
as cathode

Molten
Aluminium

Fig. 4.1(a) Electrolysis of pure.Alumina

WW@MMM—W The
Aluminium obtained by electrolysis of Alumina, is 99% pure. It is
further refined by electrolysis. The electrolysis is carried out in iron
box which is lined with carbon at the bottom. It contains three layers
of fused mass. The lower layer conslsts of an alloy of impure alumi-
nlum with copper. This layer serves as anode. The middle layer
conslists of a solution of cryolite NajAl Fg and Ba F,. The upper layer
consists of pure Aluminium and serves as cathode. The three layers
remain separated due to the difference in specific gravity.

Impure molten

Carbon rods aluminium

" Frozen layer
of aluminium

gl

Pure liquid
tluminium acting
as cathode
A
Tap for |
removing G
aluminium  \_ Sioe

I L

...
Rt b |

a4 gl
-
-
oy
-

LL- L R

"ﬂ-‘. s
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iy
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52 Fig.4.1(b) Refining of Aluminium - Hoope's Process
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On electrolysis AlI** fons from the middle layer migrate to the
up{)cr layer where they are reduced to aluminfum. Equal number of
Al®*jons arc produced in the lower layer. These Al’*ions migrate to
the middle layer. Purc aluminium is tapped off from time to time. In
this way 99.99% purc aluminium is obtained.

. O,
Na,AlF, —220=10007C , gnap 4 AlF,

AlF ;————AI"* +3F .

](8)

At cathode A1’ +3e” — A
At anode Al > Al°* + 3e”

(goes Lo molten cryolltc)

Overall rcaction
: 3+
A%t + Al(s) }A](s) + Al :

r r f mi.

ies: Itis bluishwhite metal with brilliant silvery lusture

(a) Physical Properties: f oxide formation. It is light and cheap and
Whichie deit_r;) yigeb){xgzeséaigg utensils. It is malleable and ggcnlg.bléi;:
1
thu_s used/mor?raosiogn "lts density is about 27 gmf!n'l. It rn‘elts :enctl t?Sth rz::; S
et to]c < pood conductor of heatand elektricity. It 1s;jufse mat e CO-
at 180? lce.ct:'ilczﬁ'transrriission wires.Alunum.dm.foﬂ |§T L;lscrh ;:;Z gfpalfminium
ture OL €€ . " cigarettes and photographic T, d in explosive bombs.
e mCdlC;rllcfr'ﬁm'gum nitrate, known as rammonal”, 1s use ;n‘exp 0
f qu:;S rll:? thz Preparation of some important alloys, namely:
u :
% ) Aluminium pronze : It contains 10% of Al and 90% of Cu.
(i) Alumi

. light, tough resistant 0 corrosion and golden in colour. Itis used
This ozt f imitation jewellery, coins and statues etc.

e ture O
in the manufac d of 95% of Al, 4% of Cu, 0.5% of Mg and

t is compose : . ,.
light, tough, ductile, tensile and resistant to corrosion.

planes etc.

(ii)'Dura jumin:— 1

. This alloy is
0.5% of Ni. This 2
Itis f.tscd in making aero

(b) Chemical Properties

Action of Air:— Aluminium 1s not affected by dry air at ordinary tempera-

i Y, . - . 'l . ~
[ure(b)ut moist air forms a thin film of oxide on its surface. This film protects the
/ ;
53
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metal from further oxidation, hence aluminium is a sglf. - progcctlc.:dh Il’tht?l. If
aluminium is heated strongly in air, it burns with a brilliant white light 10 form
aluminium oxide.

4Al + 30, — 2A1,0, 4 H = —798.18 K cal/ mol

(ii) Action of Acids: — Aluminium reacts (dissolves) with HCl and dil, H,SO,
to form H, gas.

2Al + 6HCI = 2AICI, + 3H,
dil:

2Al + 3H,S0, Al,(S0,), + 3H,

Concentrated and hot H,SO, reacts with aluminium to form SO, and
Al (SO,),. '
conec:
2A1 + 6H SO, ———=—» Al (SQ,), + 6H,0 + 350:

Aluminium is made passive by nitric acid.

(iii) Action of Halogens:— Aluminium reacts with halogens during heating
and forms corresponding halides: '

e.g

2Al + 3X, 2AIX
Aluminium trihalide

2Al + 3Cl, = = 281Cl,

2Al + 3Br, 2AlBr,

(iv) Action of Alkalis: — Aluminium reacts with alkalis and forms aluminates
and liberates H, gas:

e.gl

2Al + 2NaOH + 2H,0 ~ 2NaAlO, + 3H,
Sodium aluminate
2Al + 2KOH + 2H,0 ~ 2KAIO, + 3H,
70098, M%tmfn aluminium is heated with nitrogen up *°
e.g.
2Al + N, = 2AIN

54
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(\(;l) Aﬂio_n_of_cam_g_m; When aluminium is heated with carbon up to
2000°C, it forms aluminium carblde:

e.g

SAIHERC L Al C,
Aluminium carbide

(vii) Alumini Reducing Agent: — Aluminium is a powerful reducing

?:gent. It readily reduces the oxides of most of the other metals just like Fe, Mn,
r etc: )

e.g.
3+
Fe O, + 2Al ———— 2Fe® + ALO,

This is exothermic reaction and great amount of energy is released so that
the temperature increases upto 3500°C. Due to this reason, this process is used
for welding purposes. The reduction of metal oxides involving aluminium as
reducing agent is termed as "thermite process'.

Alum (Phit kari) The series of double sulphates of monovalent and
trivalent metals containing 24 molecules of water of crystallization are known
as alums. There are various compositions of alums. The alums are usually the
sulphates of sodium, potassium. or ammonium with aluminium, iron or

chromium.

Examples.

K, SO, .Al,(SO, ),.24H,0
K,SO,.Cr, (50, ),-24H,0
(NH,),SO, .Cr, (SO, );-24H,0
(NH, ),50, .Al, (SO, ),.24H,0

Out of these alums, the ordinary is potash—alum

(K,SO, .Al,(S0,),-24H,0). It is commonly known as phitkari.
Al, .
2Em‘na[a;ign;- It is prepared by mixing the solutions of K, SO, and
AL(SO,), in equimoleculer quantities. The solution is evaporated to saturation
an::l allgwacd to cool when crystals of alum are formed.
_ It is white crystallization solid, readily soluble in water and

Properties: : s e )
used in purification of water. It 1s used for tanning:leather, sizing paper and in
| 55
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foam type fire extinguishers. When alum is heated, it melts at 92°C and swe;
up, loses the whole of its water of crystallization at 200°C to form porous mag
called burnt alum or "phul - Phitkari",

Qceurrence of Alum:~ It occurs in Gajbeds of Maki—Nai in Ranikg
Dadu and Shah Hassan near Trimuhi in Khairpur, Shaidmena in Khybe
agency; Jatta and near Dozha Banda in Kohat district; Sani in Kalat, Koh -~
Sultan, north Nokkunda as well as in salt range in KalaBagh Chi chali pass near

Kotki,
4.4 ALLOTROPY

The existence of an element in more than one forms in known as allotropy.
The different forms are called as allotropic modifications or allotropes. The
allotropic forms of a particular element possesses similar chemical properties
but different physical propertics. The difference in physical properties is due to
arrangement of atoms in the lattice,

Allotropic Modifications of Carbon: There are two allotropic forms of

carbon:
(a) Crystalline and (b) A:norphous

(a) Crystalline forms:— There are two crystalline forms namely:
(i) Diamond and (i) Graphite.

(b) Amorphous forms: - There are various a :
morphous allot f
carbon namely coal, coke, charcaal, lamp black etc, 2 otropic forms 0

:= In pure state, it is crystalline solid. It is hardest
ngmral substance known. Its density is about 3.51 g/ cmar: Dinmc;nd POSSEsses

xi »due towhich, it acquires illi is a bad
conductor of electricity and melts at 3500°C, ?’ure Dgi;e;;?lgl};a;::;g;::ntﬁo

X—Rays, hence X—Ray is used 10 distinguiih between imitation and pure

for drilling and boring rocks etc becayse tht:znds (Bort and carbonado) are use!

The well known diamonds are Koh—i Y are not suitable as gem—stones
Hope, Star of South and Cullinan ::2 {=noor, Regent, Excelsior, Victoria

In diamond each carbon atom is covalently liﬂk".d

with four other carbon atoms to g i
is shown in figure 4.2, give basic tetrahedral unjy The tetrahedral un!

56
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These basic tetrahe

. dral uni » ' = vey g it .;"'_,_'_ '
unit cell of diamond as ts unite with one anpther and produce thccublc

shown in figure 4.3,

The lattice pictured in figure 4.3 continues indefinitely 1n three dimensions

and form over al| strueture of diamond.

Fig. 4.2 Fig. 4.3
Basic tetrahedral unit Cubic unit cell of diamond

In diamond each carbon atom utilizes its four unpaired electrons in the
formation of four covalent bonds, These bonding electrons pairs are localized
between specific pair of carbon atoms. Due to this rcason diamond is bad
conductor of electric current,

_In diamond each carbon atom is bonded strongly to four other carbon atoms
which are located at the corner of regular tetrahedron. Each carbon atthe corner
of one tetrahedron is at the centre of another tetrahedron. It means all carb-
on—carbon bonds in entire crystal are covalent, strong and definite. The
carbon — carbon bond length is 1.54°A and bond energy for each carbon — carb-
on bond is 347 KJ mol™ I This is because diamond is hard and possesses high

melting point.

(ii) Graphite:

Properties: — It is dark grey crystalline solid .and possesses dull metallic
lustre. It is soft and greasy to feel. It is used as lubricant. Its density is about 2.2
g/em and lighter than diamond. Itis good conductor of electricity and hence

used in the preparation of electrodes, It leaves black m_z.r'k on paper, so it is used
in making pencils. It possesses high melting point and it is used as moderator in

nuclear reactors.

covalently linked with three other C atoms 1o give basic hexagonal ring.
: 57
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The hexagonal rings then form different layers in graphite. These |a?e IS arg
3.35°A away from one another and held together by weak Vanfielf Waal’s forges
of attraction. The inter layer binding energy is very low and it is about 3.9

Kcal/mol. The arrangement of different layers in graphite is shown in fig 4 5

C)' 3.35A

Fig. 4.4

Basic hexagonal ring in graphite

Flg. 4.5
Structure of graphite

In hexagonal rings C—Cbond distance is 1.42°A.The fourth electron of each
carbon forms the delocalized » —bonds which spread uniformly over all carbon

atoms. Due to delocalized = — bonds, graphite conducts electricity parallel to
the plane of its layers.

Due to large inter planner distance (3.35°A), the layers sl ;
(] ) » » e nc

4.5 LEAD PIGMENTS

Lead forms various types of pigments which : ¢f
colour to paints etc. Some of them are described birlz:f*ed to give the prop

(i) White lead pigment

(ii) Red lead pigment

(iii) Chrome yellow pigment
(iv) Chrome red pigment

(v) Turner’s yellow pigment
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(i) White lead pigment:— 1t is basic] '
Yh ead carbonate and has approximately
composition as [2PbC0,.Pb(OH)z] or Pb,(OH),.(CO,), G

chamber ess or Duch process:— When a mixture of the vapours of
?tfg::llfe;c)l:band ;team IS passed into the chambers containing leag sheets
el 3;1::0—3 days, until the corrosion of lead is complete. By passing
T 2 and vapours of acetic acid through this corroded lead for

utJ—4 weeks, the "White Lead" is formed on the surface of lead sheets. This
product is then scratched, dried and packed.

[Pb(OH), .Pb(CH,COO0), ]
+ 2H2

2Pb + 2CH,COOH + 2H,0

3[Pb(OH),.Pb(CH,COO0), ] +2H,0 +2C0, ——=2[2PbCO, .Pb(OH), ]
White lead

+ 6CH,COOH

A better "White Lead" is obtained by passing CO, into the suspension of
lead oxide in water containing little amount of lead acetate.

[2PbCO, .Pb(OH), ]
+2CH,COOH + O,

2PbO, +2CO0, +2H,0 + Pb(CH,C00),

It is used as white pigment for paints, but it gradually darkens due to the
formation of PbS with atmospheric H,S. It is also poisonous hence in recent

years, white — lead has been replaced by titanium — dioxide.

(ii) Red lead pigment (Sandhur):— Itis called as triplumbic tetraoxide or

lead —sesqui oxide and its composition is Pb,O, or (2PbO.PbO,).

red by heating lead monoxide (litharge) i
f air at about 450°C. ge) in a

Preparation:— It is prepa

revolving furnace with excess 0

350°CE" -
6PbO + O, -g&g.d
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It is used as red coloured pigment. Actually the-colour of this pigment varie
from orange red to brick red due to particle size and impurities. It is insoluble
in water but soluble in acids.

(iii) Chrome yellow pigment;— It is lead chromate with compositiog
(PbCrO, ). It occurs in nature as crocoite.

Preparation;— (1) It is prepared by adding the solutioq gf potassium
chromate to the solution of lead nitrate, then fine yellow precipitates of lead
chromate (chrome yellow) are obtained.

Pb(NQ,), + K,CrO, —s PbCrO, + 2KNO,
N, e’
" Chrome yellow

(2) It is also prepared by the action of K,CrO, on lead acetate.

Pb(CH,COO0), + K,CrO, > PbCrO, + 2CH,;COOK

It is yellow coloured pigment, insoluble in water but soluble in nitric acid
and caustic alkalis. '

(iv) Chrome red pigment: — Itiis basic lead chromate and its composition is
PbCrO, .PbO or Ph,CrO;.

Preparation: — It is prepared by digesting lead chromate with NaOH.
2PbCrO, + 2NaOH

—> Na,CrO, + Pb,CrO, + H,0
Chrome red

It is dark red pigment and is used in paints,
(v) Turner’s yellow pigment: — Its composition is PbCL, .4PbO.

Preparation;— It is pfcpared by boiling the soluti : : 1o wilh
litharge (PbO) and then heating to solid pgroduc?. ution of sodium chloride !

5PbO + H,O + 2NaCl

— 2NaOH + PbCl, 4PbO

Turner’s yellow

Itis also used as lead pigment in paints.
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E"‘EZP‘ above pigments, yellow lead monoxide (massicot) and red lead
monoxide (Litharge or Murda —Sang) also used in paints. e

4.6 NITRIC ACID (HNOs)

iab l\gmc ac{d is pPrepared-commercially by the pxidation of ammo-
Exam y Ostwald's method. In this method ammonia is oxidised to NO
£ € presence lof'plal_inurn as catalyst at 600°C. NO then combines
:;qcl) oxygen of air forming NO, which is dissolved in water Lo produce
3 :
pt
4NH, + 50, == 4NO+6H,0 AH =-24.8 kcal
600

2NO + O, ‘._‘——_'-___A 2NO,
3NO,+H,0 ———— 2HNO,;+NO

Details of the process:- (i) Oxidation of ammonia: 1 part by volume
of NH3 is mixed with 8 parts by volume of air, The mixture is allowed

to enter the converter which contains platinum gauge heated to a
temperature of 600°C in the beginning, the temperature is then
maintained due to exothermlc rcaction of oxidation of NH,.

About 95% of NHs is oxldised to NO. The gases from the
converter are led by iron pipe which passes through a boiler. Steam
is produced by the absorption of heat from the gases and the

temperature is lowered to 150°C.

(ii) Oxidation of NO to NQ2:- NO and air enter the oxidation chamber
where the temperature is further lowered to 50°C and NO is oxidised

to NOa,.

(iii) Formation of HNO,;- NO; gas from the oxidation chamber is
allowed to enter the absorption tower packed with acid proof stones.

The gas is absorbed by the water sprayed from the top of the tower. The

nitric acid formed is very dilule in the beginning. It is recycled to
absorb more and more NO2 gas till maximum saturation is obtained.

The nitric acid obtained by this process Is 68%. Further concentration
Is achieved by passing vapours of HNO3 over sulphuric acld,

61

B S R S e

Scanned with CamScanner

Download Books Guides Notes & Tests at www talibilm com




www.talibilm.com

IV b W W | WIVNW | | W W Whknbkal s

WATEH

i .

= |
550°C ! I_ETIJC i——;e:

References :-
A Slight window to check temperature.

B Ammonia Oxidation Converter.

C Electrically heated platinum guaze to start
D.  Boiler

E Oxidation Chamber

F, Absorption towers Fig. 4.6
G. Pumps

Physical Properties of HNO,

VI A

Laslt traces
of oxides
of nitrogen
are absorbed
in Na,CO,
solution
which
mainly
changes lo
MaNO, and
1s sold lo
dye-stuff
industry.

Preparation of Nitric acid

In pure state, it is colourless fuming liquid with choking smell and has a sour
taste. It boils at 83°C and freezes at —41.6°C. It is available in market in

following forms:

(a) Ordinary nitric acid containing 65% HNO, and density is about

1.4 g/,

(b) Concentrated nitric acid containing 98% HNO, and density is

1.51 g/ »

(c) Fuming nitric acid containing
reddish ~yellow liquid.

Structure of HNO, : —
In vapour phase, the nitric acid molecyle i x ) -
arranged as given in fig.4.7. € is planar in which atoms
H 0
115° Bl o0,
900 /\ L
0 N 130°

1.41%4 K’

dissolved oxides of nitrogen (NO, ) 21¢

1150 \T———1.22°04

0
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The structure of nitric acj O f N
' acid crystal in soli — 42°C is givenin
figure 4.8. rystal in solid state at about — 42 g

H 0

1125% 1249
[90‘* 7 A e
o N )135°

1.30°A 112.5° s 1 . 28 OA
: (@)

Fig. 4.8  Structure of Nitric acid in.solid state

Chemical properties: — The chemical properties of HNO, are divided into

following sets:
(i) Acidic properties
(ii) Oxidizing properties
(iii) Nitrating properties

(i) Acidic properties: — It is strong acid because it reacts easily with water

» - + . L4 . + . - . .
to form hydronium ion H,O "~ (iet provides H™ ion). It is F‘OHOPTOH‘L acid,
because it loses only one H ¥ ion. At the same time it neutralizes bases, hence

it acts as an acid.

-1
~ H,0" + NO,

(a) HNO, + H,0
> NaNO, + H,O

(b) HNO, + NaOH

properties ; — Nitricacid is strong oxidizing agent. The oxidiz-
: rties of nitricacid are due to the instability of its molecule and presence
ing propertie: its highest oxidation state of +5. During oxidation nitrogen
of Iitroget. l5 oxidation state to —3. The degree of oxidation depends. upon
chiauReS oA of acid and nature of element. Lower the concentration of
th?dconjzf;;féﬂ?le reactivity of element, then greater would be the degree of
acid an :

oxidation. For example:

(ii) Oxidizing.

(a) Concentrated HNO; is reduced to NO,.

conc . cu(NO,), + 2NO, + 2H,0

Cu + 4HNO,
63
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(b) Dilute HNO, is reduced to NO.
3Cu + 8HNO, — 41

—»3Cu(NO,), + 2NO + f4H,O.
(c) Dilute HNO, with more active metal reduced to N,O
4Mg + 10HNO,

- 4Mg(NO,), + N,O + SH,0
(d) Very dilute acid with more active metal reduced to NH NO,.
4Zn + 10HNO, ~4Zn(NO,), + NH NO, + 3H_O.

Nitric acid also oxidizes non —metals and it is reduced to NO,.

S + 6HNO, = H SO, + 6NO, + 2H O

P + SHNO, > H,PO, + 5NO, + H;O

Si + 4HNO, > Si0, + 4NO, +2H,0
iii in i

= HNOg3 replaecs one or more
hydrogen atoms of organic compounds with nitro group and acts as

a nitrating agent .e.g.
(a) When vapours of HNO and alkane are passcd through coppertube
at 450°C, nitro alkane is formed.

Cu
CH, + HONO, asooc 2 CH3NO, + H,0

(b) It reacts with benzene in the

resenc
nitro benzene. | 3 e of H,SO, (Conc.) and forms
S NO2
+HONOQ, —__H3504
\@ 3 =1 +H,0
Nitro benzene
NO, | N()z
+HONO, ——H2504 55 o
s +
NO, 20
. . mela-di"nimbenzcne
Importance;— It is an important chernical

: Compound. Large amounts of

HNO3 are used in the manufacture of fertilizers, just Jike ammgoniUm nitrat®
and sodium nitrate. It is used in Glyceryl —trinitrate (nitro-glyccrinc) Nitro~
64
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glycerine is an explosive which detonates violently even with slight shock.
Dynamite is prepared by absorbing nitro glycerine in Kieselguhr. Dynamite is
also an explosive but it is much safer to handle. It is also used in the
manufacture of nitro cellulose lacquers and smokeless gun— powder.

(iv) Aqua Regia:- A mixture containing 1 part by volume of HNO, (Conc) and
3 parts by volume of HCI (Conc) is called aqua regia which means royal water.
It can dissolve gold and other noble metals due to liberation of chlorine.

HNO, + 3HCI » 2H,0 + NOCI + 2CI

Nitrosyl-
Au + 3C1 ———— AuCl, ohioride

AuCl, + HCl ———— fi[Aucl, |
Hydroauric chloride

4.7 ALLOTROPIC FORMS OF SULPHUR

There are various allotropic forms of sulphur which exist in solid, liquid
and gaseous states. Here we discuss some of them in detail:

() Crystalline sulphur
(ii) Plastic sulphur

: _(i) Crystalline sulphur:- Important crystalline forms of sulphur are fol-
owing:- :

() Rhombic, Octahedral or & - sulphur
(b) Monoclinic, prismatic or B - sulphur

. (a) Rhombic sulphur:- It is stable crystalline form at ordinary tempe-
ature, It. 1S prepared by slow evaporation of solution of ordinary sulphur in
Carbon disulphide. -

CWS‘ZT:D%%I It is ordinary form of sulphur. It is in the form of pale yellow
°°“diﬁohfailn§ eémon-yellow powder. It is the only stable form at ordinary
112.8% 1, most of the other forms pass into it on standing. It melts at

- \ts density is about 2.1 gm/cm® at 20°C. Tt is soluble in carbon disul-

Phide (Cg
» pet ; :
of heat anzdl eii:tr::i?t;n’ S,Cl,, benzene and turpentine. It is non— conductor

Structyre._ :
g,.i inagh—:Lf:T_ ihomblc. sulphur consists of sulphur atoms in Sg molecules
Tings. The dif €m er ed rings. Each Sg molecule has the form of puckered
erent views of rings are given below in figure 4.9
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81.‘9‘50 ”’Sm_‘.“
\\S,f’ =

Puckered ring of Sg molecule

Side view of Top view of
Sg molecule Sa molecule

Fig. 4.9 The different views of rings in Rhombic sulphur

In each puckered ring, four sulphur atoms lie in one plane and other four
atoms lie in another plane as described in-above figures. Each sulphur is linked
to another sulphur by a single bond in‘same ring. The sulphur — sulphur bond
distance is 2.12°A and S—S—S bond angle is 105°. These puckered rings unite
with one another and form the erystal of rhombic sulphur. These rings are held
together by Vander Waal’s forces of attraction. The shape of rhombic crystal is
given below in figure 4.10

Fig. 4.10 Crystal of rhombic sulphur

&

(b) Monoclinic sulphur:- It is dark yellow transparent needle like crysté
on standing the crgrstals become opaque, brittle and Lemon — yellow in colou_f-
It melts at 119.25°C. It is soluble in carbon disulphide (CS,) but insoluble m{
water. It is stable between 95.5°C and 119.25°C. The transformatio® °
monoclinic sulphur to rhombic sulphur is reversible. Below 95.5°C, the rho™ ;

el
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sulphur is stable and above 95.5°C monoclinic sulphur is stable. This tempera-
ture at which both forms of sulphur are in equilibrium is called as transition

temperature i.e is about 95.5°C.

: 95.5° "
Rhombic sulphur = Sl Monoclinic sulphur

Structure of Monoclinic sulphur: — Monoclinic sulphur consists of sulphur
atoms in S, molecules giving eight membered puckered rings just like rhombic
sulphur. The only difference is the difference in the shapes of their crystals. The
crystal of monoclinic sulphur is needle shaped as given in figure 4.11. '

%a

Fig. 4.11
Crystal of monoclinic sulphur

N 7

(i) Plastic Sulphur or ¥ — sulphur:— When molten sulphur is heated up
d with a thin stream into cold water, it turns into elastic

10 boiling and then poure :
rubber like material which is called plastic sulphur.

Properties: — Itissoft, sticky rubber like matcrial: Its specific grav.ity is 1.9?.
It is soluble in CS,. It on standing, is converted into opaque brittle solid

containing some rhombic sulphur.
Structure:— The plastic sulphur is composed of long chains of sulphur

: :an in figure 4.12. The elasticity of plastic sulphur is due to
atoms collsdip B hagins and then recoiling of chains by the release of

uncoiling of Jong sulphur ¢
| S
. ; \ /
S/ S/ S S

tension.
Flg. 4.12 Chains of sulphur atoms
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4.8 HYDROGEN SULPHIDE

(A) Preparation of Hydrogen sulphide (H,S)

i) From Sulphur:— When sulphur is heated with hydrogen up to 600°¢ _
650°C, it forms H,S.

H’-{-S —-r-HzS

(i) Eromstibnite:— Pyre hydrogen sulphide is prepared by heating ap.
timony trisulphide (Stibnite) with concentrated HCI. :

Sb,S, + 6HCI > 2SbCl_ + 3H,S

(iii) Erom ZnS:— When ZnS is treated with HCI, it forms HzS

ZnS + 2HCI > ZnCl M5
(iv) Laboratory method:— In laboratory H,S is prepared in Kipp’s

apparatus by the action of HCl or H,SO, on ferrous sulphide (FeS)

FeS + H,80, ———+ FeSO, + H,S
FeS +2HCl Q23—+  FeCl, + HS

P_rgggr!ig_ﬁ:-— It is a colourless

rotten eggs. It is little heavier h. gas with unpleasant smel] just like that of

= 0 o5 air L.e 1.2 times heavier than aj iquifies
inhala?i%g Ct" and sohd'lﬁ_es at — 85.7°C. 1t is very toxic aan al:l' : h?‘z ed
Hinalauon ot air containing st gas even j 8_ S and prolo ‘g

bh a[el’. [ts s l i a i 1

N nature,
HS +H ~
2 30 —= HS + H’o-l- (K,=1.Oxlﬁ1)
HS 2
+ H:O — S -} H30+ (Kz'-: 1.0 X 1614)
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It burns with blue flame in air 1o form SO, and H,O
2H,0 + 250,

2H.S + 30,

’-l .
It is strong reducing agent. This is because the S ion loses its electrons
readily to form sulphur atom and hence reduces other substances.

H,S"+Br, = 2HBr+ S’

2FeCl, + H,S™ = 2FeCl, +5° +2HCI
2HNO, +H,S* - 2NO, +S°+2H,0
H 0, +H,S" —» S0, +S"+2H0

Structure:— i i HSH
-~ The molecule of H,S is non— Ix.nczr. The angle between
i< 95,20 and the bond distance between S and H is 134°A

Fig. 4.13 Structure of hydrogen sulphide H 7 92.2° [1.34

4.9 SULPHURIC ACID (H,S0)
h

1 Iphuric acid, is th
thod which produces pure U .
t-llahos pll;e:::l;ldl;yb?gcan to be used only at the end of last century
method.
In this method SO, is produced by burni
burners.

ng sulphur or iron pyrites in pyrite

— 50,

Ss+0, —

or ;
4Fes, + 110, — 2F¢,0,,, + 850,,,
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od that SO, and air mixture should be

: . lyst, For this reason the mixture qf
. ities, which poison the cataly : L
géc 233“ ::?‘i)su;:;sed lhrough special flltcc)rs. w;s;;ni ?l;isig‘:;‘%ou:;’:oﬁz
2 X ‘et : f SO, an v
‘and purified mixture Ol OV, © alyst va
\:oa:t:dlndrtmg 1::)\':?.‘1'J 50, is oxidized to SO, In preserceloRCaLA T YAtadun

It is very important in contact meth

pentaoxide (V, O, ).
250 + 0O, MO -~ 250, AH = —45 Kcal
Ty,
2 vo;umes 1 volume 2 volumes

Since the reaction is reversible and exothermic, the favourablt_: conditions
for obtaining maximum yield of SO, are (a) low temperature (b) ?Lgshopressuure
and (c) excess of O,. In actual practical, however a tempe rature o —500°C
appears 10 be optimum temperature in the presence of catalyst and pressure of
1.5 to 1.7 atmosphere is applied. This temperature is low enough to permit most

of the sulphur and oxygen to react rapidly if catalyst is present. Under these
conditions, the equilibrium mixture contains 98% of SO, .

The SO, produced in contact tower is absorbed first by H,SO, concentrated
to form oleum.

SO, + H,SO, 2%

H,S,0, (Oleum)

_Oleum is then absorbed in calculated amount of water in order to get the
acid of desired concentration.

Ed

H,SQO ; + H,0

~ 2H,S0,

The continuous nature of thj : y S
figure 4.14 1S process is shown diagrammaticallf’

It should be mentioned that the heat produced during this process

is used in the process to generate ste et
all the activities of the plant. F am from water which supp}y PO™

tower to other and fans to mo
Practically all the operations a
that turns out 100 tons of acid

Ve gases from one reaction tower 10 anﬂllaﬂI
re done by automatje machinery, hence @ PrS-
per day may be manned by only a few orke
70
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ulphuric acid is colourless, odourless, ;.

Iy Tiquid, often known as oil of vitriol. It melts at 10.5°C and boils 5
ggggg’:i}t’ itg:;groscopic andlcorrpdr.ivc ;?a:il:il;l;eés'l;t?;aggf5;::!":11 :z lstl;l}ashlllg;
i Di id co 2 SIty s |1,
:lc::sn?rfbgagl‘a::ﬁ:trsalile‘zlhzzli);zric acid of laboratory E}éa::vi‘;onéilr:\sliﬂg 198%
H,SO, and density is 1.839 g/cm.’ (c).IOO% sulphuglfl 3Cl1 e ;o 50 Wh ‘533
g/em® and (d) Fuming sulphuric acid contaning issolv s havigg
density 1.929 g/em®.
Structure of H,S0 ;:— 100% sulphuric acid which is covalent com;.munld‘
like sulphate ion, the molecule of H,SO, hasa tetrahedral structure as givenin
figure 4.15.

Physical properties of HZSO!: S

S
Flg. 4.15 /
Structure of sulphuric acid '

o

-——o

The high boiling point and viscosity of H,SO, are due to the presenct o

hydrogen bonding, which, link the molecules in larger aggregates as given
figure 4.16.

e H— O\S/O-----H——o\s/o _____ H—O\' /0-—-..
E¥—07 Mottt Ng o “H-o/s N

Fig.4.16 Hydr ogen bonding in sulphuric acid
Chemical properties:— The chemical ) ided 0
following sets: -4 properties of H, SO, are di

(a) Acidic properties (b) Oxidizin
ties (d) Sulphonating properties

o
8 Properties (c) Dehydrating prof
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(a) A.uis.mnz!m._ Itis strong acid, because it reacts with water to form
ydromum ion (i.e it provides H ion). Itis diprotic acid because it loses second

H " ion after the loss of first H* ion. Due to loss of two H ™ ions, it forms two
ionic species and acts as diprotic acid.

(i) H,8O, + H,O > H,0" + HSO,

~

(ii) HSO,, + H,0 > H.0% 450

-~

It also neutralizes bases and forms two series of salts.

(i) NaOH + H, SO, =~ NaHSO, + H,0
(ii) NaHSO, + NaOH — = Na,S0, + H,0

(b) Oxidizing properties:— Sulphuric acid acts as oxidizing agent. The

oxidizing properties of H, SO, depend upon: (a) concentration of acid (b) nature
of metal and (c) temperature,

Dilute sulphuric acid reacts with metals standing high in the electrochemical
series, yielding H, and metal sulphates.

Zn + H,50,—3E_ 7150, + H,

Metals low in the electrochemical series, such as Cu, Pb and Hg are not
oxidized by dilute H, SO, butconcentrated and hot H, SO, oxidizes these metals

to form SO, and metal sulphates

Cu + 2H,50, °:“:’ ~ CuSO, + SO, + 2H,0
0o

Reactive metals with concentrated acid form different products, such as

4Zn + SH,50, — 20 ONC:__ 47080, + H,S + 4H.0

It also oxidizes non — metals, for example:

C + 2H,S0, ~ CO, + 250, + 2H,0
S + 2H,50, = 350, + 2H,0

73
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(c) Dehydrating properties:— Sulphuric acid has great affinity for wate;
hence it extracts the elements of water from other compounds. This type -
reaction is called as dehydration reaction. It extracts water molecules fron
different compounds and forms different products.

I - canc.
CrHZ0, +HSO, — . 12C + 11H,0 + H,S0,
sugar
H,C,0, + H,SO, cOnt: .~ CO + CO, + H,0 + H,50,
Oxalic acid -
HCOOH + H,50, —=——= CO + H,0 + H,50,
Formic acid

d) Sulphonating properties :- Sulphuric acid on reaction wilh
organic compounds replaces one or more hydrogen atoms and actsas

a sulphonating agent e.g. - :
(1) It reacls with hexane and higher members forming alkane sulphonlc
acid. :

C¢H,, + HO.S0O,.0H > CgHi3.S0,.OH +H,0

Hexane sulphonic-acid

(i) It reacts with benzene and forms benzene sulphonic acid.

CgHg + HO. .SO,. OH »CgHg. SO, .OH +Hy0

Benzene sulphonic -
acid -
Importance of sulphuric acid: — Sulphuric acid is so important <:heﬂ1“?3s
compound that it is called "King of Compounds", because only few indusmee
could operate without its use. Progress and prosperity of any nation ¢2"

measured in terms of amount of sulphuric acid that its industries cOn"
annually. :

Itis used in the manufacture of fertilizers just like "Supper phosphat¢® ﬂ‘gﬂ
Ammonium nitrate", as well as "Rayon" and Plastics. It is also used ' {hf
production of HCl and HF and used in pickling of steel. It is also used "'
preparation of detergents eg sodium benzene dodecyl sulphate

e e : - . ! . 0
(C,sH,, SO, Na ), which is main active constituent of tide and surf. I o
used as dehydrating, nitrating and drying agents,

. ‘J
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4.10 CHLORINE

Electrolytic method: — Chlorine is manufactured by the electrolysis of
aqueous solutions of sodium chloride. For this purpose two cells are used which
are described below:

(a) Nelson's cell:- This cell consists of U —shaped perforated steel vessel
which acts as cathode and carbon rod as anode. This U — tube is separated from
anode by asbestos layer deposited on the inner wall of the U — tube as shown in

figure 4.17

The U—tube is filled by aqueous solution of sodium chloride. On passing
the electric current, chlorine is obtained at anode reaction:

. . . <+ —
(i) Ionization NaCl ~Na" + Cl
(i) Reaction at anode 2Cl~ — 2e = Cl;
—» Anode
.CI"' ga’-—-—- ;: ——s— ___ Fresh NaCl (Solution)
Cathode ::E.'f. )
Zims s H
3R 2
™ o [
) ".:'-".: (4 ©
o4 ] -Yo
7% e
olf:: EEG N Asbestos
V= 24 I lining
o ":.- =3 o
o [k 7
o= “"..5 2- Perforated
oLz Yo steel cathode
i 7 o
] P Yo
oo e
ol S g2 Agqueous
WA S i : NaCl solution
' O\ rr oo
Flg' 4017
Manufacture of chlorine
.
Nelson's cell
(b) = s cell :- This cell has a cathode consisting of layer of
mercury at the bottom of cell which flows from right to left. Saturated solution

of sodium chloride also flows slowly through the cell in same direction as the
Mercury. The anode rods are of graphite which dip into the solution of sodium

chloride as given in figure 4.18.
75
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On electrolysis chlorine is liberated at anode and passes out of the ¢
through a tube at the top. Sodium is liberated at cathode where it dISSOIVESir‘
the mercury and is removed from the cell.

Graphite rod
(anode)
C1, out ley
— ‘(——_—" CI: oul gy
Spent NaCl |
out let .
N G W i = ol < VaCl (g
S B ===== , ™
S =
s R o raies s |
Mercury
G cathode
\ Q
Castner - Kellner’s cell
Fig. 4.18 Manufacture of chlorine
[Ehysical properties:— Itis greenish yellow gas with a pungent and charz
teristic choking smell. It js a typical non—

metal and is fairly soluble in water.|
at — 101°C. It is poisonous gas which has irritatin
effect on nose, throat and lungs. It has corrosive action on the mucous-
membrance. Its density is 3.214 gm/l at S.T.P and its electronegativity is 3¢
- Oxidation states are different such as — 1, + 1, +3, +5and +7.
Chemical properties:— Chlorine is Vvery reactive el d it readi
combines with non —metals B o b %
of chlorine are divided into ?:S;::;?s €xcept N‘za Oa and carbon. The reactio”

types:
(i) Oxidation Reaetions:~ It is active oxi i
_ Ive oxidant because it has the capact!
gain one electron and hence oxidizes most of the substances

boils at —34°C and melts at

Zn® + CI} - Zhio-!
Cu® + CI} -~ cutc™
P° + 5CI° £ ZP“‘CI{;”’
HY + CI3 —~ 2HQ!
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(i) Addition Reactions:— Chlorine directly combines with certain com-

pounds to form addition products such reactions are called as addition reactions,

YIS\ §

CH, = CH= + Cl. (;.‘H, - ClH2
Cl Cl
CO.+ Clg COCl,
SO, +-Cl; SO,Cl,
(iii) Substitution Reactions;— Chlorine replaces one or more atoms from
other compounds such reactions are called as substitution reactions.

H,S + Cl, 2HCI + S

2KI + Cl, = 2KCI + 1,

CH, <3Gl = CH,CI + HCI

CH,Cl + Cl, = CH,Cl, + HCI

(iv) Auto—Oxidation and Reduction Reactions:—  Chlorine reacts with

water to form hydrochloric acid and hypochlorous acid. In this reaction, chlorine
oxidizes as well reduces hence it is known as self oxidation — reduction reaction

or auto —oxidation — reduction reaction.

+1 - +1 =1 1-2 +1
cl® + H,0 ~HCl + HOd
Hypochlorous acid
Solution of chlorine in water is strong oxidizing agent and in this solution
HOCI usually acts as oxidizing agent. This is because in HOCI, chlorine has an
oxidation number + 1 and has a strong attraction for electrons. The bleaching

action of chlorine is also due to same reason, i.e first of all chlorine forms
hypochlorous acid (HOCI) with water which then oxidizes coloured compounds

1o colourless compounds.

Importance:— The production and consumption of chlorine on large scale,
make it one of the most important products of chemical industry and national
cconomy. Itis used in the manufacture of Organic compounds just like CCl, and
CHC}, which are organic solvents. It is also used in the manufacture of vinyl
c.hlonde whichisusedin the preparation of plasticPVC. Chloro carbon prepara-
tions, such as DDT and hexa chloro — cyclohexane are effective pesticides
and various synthetic products such as rubber etc.

4 Chlorine is also used as bleaching agent for cotton, rayon, wood —pulp etc.
. 1S used in sterilizing of drinking water and disinfecting drainage. It is also used
Inlayer test for detection of Brand I, o

|
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ASSIGNMENT

|. How many blocks of elements are there? Define p—block elements,

2. Explain why physical properties change down the group and what are groy
trends? ‘

3. How many metals, nonmetals, gases, liquids and solids are there " n-
block"? Name at least two gases of this block?

4. Describe the group trends of followmg properties in "p —block”

potential (v) Electro posmwt)'

5. What is allotropy? Describe the dnffcrcnt allotropic forms of carbon ap
sulphur.

6. Describe the structure of diamond and graphite?
7. What is rhombic sulphur? Show its structure with different views.

8. What is plastic sulphur? Why is it elastic?
9. Describe the chemistry of Aluminium

10. In what forms, the corundum-oceurs in Pakistan? Also mention the differe
localities of its occurrence.

11. How is bauxite pur!{led ? Give at least three methods for the purifict
tion of bauxite.
12. Write short notes on:

(i) H,S (if)Boric acid (iii) Borax (iv) Alum

13. Describe the commercial preparation of chlorine.
14. Explain the working of Nelson and Castner — Kellner cells.
15. Explain the auto — oxidation and reduction of chlorine.
16.Discuss the importance of following:

(i) Cl, (ii) HNO, (iii) H,SO,
17. How sulphuric acid is obtained by contact method?
18. Show that HZSO‘ acts as:

(i) Acid (ii) Oxidizing agent (iii) Dchydraﬁng agent
19. Prove that HNO, is a strong oxidant, '
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20. Write down the structures of HNO, and H,SO; in different states.
21. What are lead pigments? Describe them in detail.

22. Explain the following:
(i) Ionization potential decreases from top to bottom in a group.
(ii) Electropositivity increases from top to bottom in a group.
(iti) Diamond is hardest substance.
(iv) Graphite is a good conductor of electricity.
(v) Atomic size of S is bigger than O.
(vi) Boiling point and viscosity of HZSC')‘ are high."

23. What happens when:
(1) Carbon monoxide is treated with chlorine.

(1i) Nitric acid is treated with sodium hydroxide.
(i1i) Carbon is treated with conc: H,SQ, .
(iv) Litharge is heated with excess of air.

(v) Hydrogen sulphide is treated with bromine.

(vi) Aluminium is reacted with sodium hydroxide.

24. Complete the following equations:

- dil
(i) Al + H,SO, = ARSOI & =i i

ve co1nc

ii) Al + - i e e 2 L D
(i) Al + H,SO, AL,(SO,), ,

(iii) H,BO, + NaOH - ——————— +HO

(iv) SO, + CI, e e '

() Cu + HNo, —Some , _ ____ i g Sy o S
M)Cu+HNO, 9 | __ R i et |
(it} Zn s HiSeeaalilian o | o s iy, sradls i s

(il Zn s 1isen IO sl s ynnd st B
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CHAPTER 5

d—BLOCK ELEMENTS
( TRANSITION ELEMENTS )

5.1 INTRODUCTION

The elements which have partially filled d—orbitals either in the
ground state of the free atom or in one or more of their ions; are called d —block
elemengs. They are also called transition elements because they show their
properties which are transitional between highly reactive and strong electro-
positive elements of s—block elements which form ionic —compounds and
p—block elements which form largely covalent compounds.

The transition elements do not only include d —block elements but also the

f—block, in which f—orbitals are partially filled. The d — block elements consist
of the following three series of ten elements each:

(i) From scandium, Sc (z=21) to zinc, Zn (z=30);
(ii) From yttrium, Y (z= 39) to cadmium, Cd (Z=48); and

(iii) From lanthanum, La (z=57) to - s
lanthanides (rare —earth clemcms))_ mercury, Hg (z=80) omitting

The f—Dblock elements constitute two seriés which are:

(i) From cerium, Ce (Z=58) to Lutetiy = : ol
lanthanides; and _ m, Lu (z=71) which are ca

(ii) From Actinium, Ac (2=89) to lawrenci e Ll
called actinides. _ ncium, Lr (z=103) which 3

The d—block elements are some times called the outer transition elemen®
and the f—block elements, the inner transition elemens. In this chapterwe shd
study only the first series of d —block elements,

80
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5.2 OCCURRENCE OF TH
e E TRANSITION ELEMENTS IN

d ;czurr;::ir of lxjninerals containing iron, chromium, manganese
pper have been found in Pakistan especially in the provinces of
Khyber Pakhtunkhuwah and Baluchistan

Tang a:g“;gﬁ::a (i; h;em_ame (an ifon ore) are found in Kohat district at Mazari
disifict in Balughist sWictat L-""}Sflal- Magnetite deposits are found in Chagai
found in Kalaba 1; an and in Ch’"_a' State, and sedimentary iron deposits are
e Larg darea._ Chromium ore, the chromite has been found in
Chagal dictr g¢ deposits of copper ores are found in Zhob Pishin. Loralai

agai districts, in North Waziristan agency, Gilgit, Dir and Chitral. : '

5.3 GENERAL CHARACT ERISTICS

scri(1) ?I;ctdomc ion: — :l'}]e electronic configuration of the first
cs ol the d—block elements consisting of ten elements is shown below:

Seandium, Se, z=21=1s 252 2p, 352, 3p5, 3¢, 452
Titanium, Ti, z=22= lsz, 232. 2p6. 352. 3 p6. 3d2. 4s?
Vanadium, V, z=23= !sz. Zsz. 2p6. 352. 3p6. 3d°, 452
Chromium, Cr, z=24 = 15, 22 2p6. 3%, 3p6. 3d3, 45
Manganese,Mn, z =25 = 152 252, 2p6. 3s?, 3p6. 3d, 4s*
Iron, Fe,z=26= lsz, 252, 2p6, 352 3p6, 3d®, 452
Cobalt, Co,z=27= Isz. 252, 2p6. 352. 3p6. 3d7, 4s?
Nickel, Ni,z=28=1s 252 2p% 352 3p°, 3d8 452
Copper, Cu,z=29=1s% 2% Zp?. 3s? 3p6. 3d'0 4!
Zine, Zn,z=30= 157,252 2p% 3% 3p%, 3410 452

Siliof;r)ogl the eleqtr'onic configuration of the first series of the d —block (Tran-
the perm 't:l_ncnts, it is learnt that the differentiating electron enters 3d orbital of
Same numll;,mmc orbit, and therefore, the outer most orbit (4s) remains with the
the 45 elect:; of electrons in their atoms except Cr and Cu. In Cr and Cu atoms,
thitals 4 njumps to 3d orbital, which is due to the additional stability when
re either half —filled or completely filled.

Since
l L ]
he outer most shell of these elements contains the same number of

CClrons §

i : : :

i general, one can expect that these elements may have most of their
: 81
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physical and chemical properties in common. Thus all the trans.mon eleﬂ}ems
are typical metals. They are brittle and good conductor of heat and elecmcily.

Some of the physical properties are shown in table 5.1

IV W F L Eb

Table 5.1 5
Physical properties of the first series of transition elements
Elements Se| Ti| v |Cr|Mn|Fe|Co| Ni|Culz
Atomic No.(z) 21 5227123 |i2% |25 | 2671 27 | .28 | 29 | 3
Atomic size "A 144 11321122117 | 117 | 117 | 1.16 { 115 | 1.17 | 1.5

(covalent radii)

|Eirst ionization potential (ev) | 6.56 | 6.83 | 6.74 [ 6.76 | 7.43 | 7.89.| 7.86 | 7.63 | 7.72 | 94

Melting point (°C) 1539|1668 1760|1875 | 12451535 | 1480|1452 1083 | 419

Boiling point (°C)  |3900|3130)3000|2480{2087 | 2450 {2900 | 2900 2310/ 90
i Electronegativity 131516 |46|15]|18] 18| 18| 19]1$

(ii) Size (Atomic or Covalent Radii):— The atomic or covalent radii of the
transition elements decrease to-a small extent from Sc¢ to Zn as their atomic
number increases. It is because there is a continuous increase of the nuclear

charge without increasing the number of shells. The result of this gives greater
attraction of electrons towards the nucleus and a contraction in size occurs
These elements are smaller than s — block elements.

(iii)Lonization Potential; — The ionization potential values (i.e., the amout
of energy required to remove an electron from an isolated atom in its gaseos
state) of the transition elements are intermediate between those of s —block
and p —block elcrpents. This suggests that these elements are less reactive thé"
Groups I and I (i.c s—block) elements and are more electropositive of more
reactive than p —block elements. This property alsosuggests that these elemen®

may form either ionic or covalent compounds depending on the conditio™

Generally, their compounds are ionie i : n
A 4 batis onic in their low idation states 3
covalent in higher oxidation.states, er oxidation

(iv) Melting And Boiling Points;:— Both th . o ints

: : ¢ melting and boiling poi™

}hl;: Z‘eﬁentsha.rc very high, except zinc, where the d—ogrbitals - CgOF“plelFl;
illed. These higher values are due to small atomje radii of the elements \’-’h‘nls

give strong inter atomic attraction. Thus the first ser; & eleme
are hard and have high melting and boiling Boints! ries of d —block

82
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(v) Yariable Oxidation_States:— The transition elements show variable
oxidation states in their compounds. This variation is due to the very small

energy difference in between 3d and 4s orbitals. As a result, electrons of 3d as
well as of 4s take part in the bond formation. The oxidation states of the
elements are shown in the Table 5.2. The oxidation states of the elements are
related to their electronic configuration. The higher oxidation of +7 i.s shown
by Mn in KMnO, where it is using two s, and five d electrons for bonding.

Table 5.2 Oxidation states

Elements Sc Ti Vv Cr | Mn Fe Co Ni Cu Zn
Electronic structure| d's? dzs’ At dst | dst | d%E | d'st | d% ] d®s' | d*
el =1

Eo st a R Int o IS LANGET [k oy Y | 2
Oxidation L B s T PR O R TR R 1
states

4 4 | "4 | 4

=5 =S

%7 6 %6

57

g (i) Colour:- The transition metal complex ions are coloured (except those of

lnc }vhlch are w}‘nlc). Crystal Ficld Theory explains fully the colour of the com-
zn t:ix ions, Ac.corc.hng to Crystal Field Theory (C.ET) the bonding between ligands
A 1:0!;1{::'&1 tx_orlndls electrostatic, The ligands surrounding the metal ion create an
: IC [1eld around its d-orbitals. This field splits five degenerated d-orbitals
10 two sets with different energics: :

(i)_ahigher erergy pair, d2.,2 and d,2 designated as e,; and

(i) a lower energy trio, dys. dy, and d,, designated as 1,,

1,2 dz
e
d‘? dﬂ du dlz__yz dlz $ T
degenerated five d, d
d-orbitals — L Eﬁi e

S AT
Plitting of fiye degenerated d-orbitals into two sets e, and t;,. 33

N —-

£
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In many cases, the energy difference Ag between two sets (e, and t, )

d-orbitals is equivalent to a wave length in the visible region. Thus by ahsorbing
visible light, an electron may be able to move from lower energy se (t) to

higher energy set e, of d-orbitals. In doing so, some of the component wave lenpth

of white light is removed, so the remaining component wave length of the light
fnﬂecled or transmitted shows the colour to the viewers. For example copper, ¢y
1ons absorb red light, hence the transmitted light gives blue colour.

(vii) Magnetic properties:— Many compounds of the transition elemen;s

are paramagnetic, i.e., they are attracted into a magnetic field. Paramagnetism

is generally caused by the presence of unpaired ins i '
electron spins in the ions
atoms of the elements. j F -

Elements such as Fe, Co and Ni ar

3 e ferromagnetici.e. ‘ :
netized. gnetici.e., they can be mag

ments form compounds of ind
interstitial or non—stoichio

.stoichjomctric composition. For example TiH
Ing two.or more metals) are also considere
Examples are brass (Cu —Zn), bronze (Cy —

173+ Alloys (Substances contain-

d as the interstitial compounds.
Zn—S8n) etc,

. transition elemen inati

| ts form co — ordinatio?
compounds which are also called complexes in contrast 1o th g block
Flcmcnts. This is because the transiti ts hav = S ged
ions, and vacant d — orbitals of sui S highly chert

These vac itals accep!
e . ant d — orbitals accep
lone electron pairs from atoms, lons, or molecules called ligands. For exampl¢

table energy.
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ferrocyanide which is a complex ion containing six cyanide (CN ™) ions donating
their lone electron pair to the central ferrous (Fe?* ) ion,

T 74-

+ 4-
CNi— Fe' ——:CN[ or [ Fe (CN),]

CN
~ (xi) Transition Metal Complexes:— A compound containing the complex
ion or complex molecule in which the central metal atom or ion is surrounded
by a number of oppositely charged ions or neutral molecules called ligands, is
known a co —ordination compound or a complex. The central atom is always a
transition element. The number of ligands bonded to the central atom or ion is
f:alle.d its co —ordination number. For example diammine cuprous (Cu(NH;),)*
lon, in which central atom is cuprous (Cu ") ion and the ligand is ammonia (NH,).
The two NH, molecules are co — ordinating with cuprous (Cu®) ion, hence the
co—ordination number of the ion is 2.

5 'Co—.ordinating groups or ligands generally called Lewis bases, are sub-
c(;wdt:d INto two main groups — mono~or unidentate containing only one
©0—ordinating atom e.g., H,0,N H,,CN™, NO, and halides. The second group

s known as poly — or multident ini
. | ale containing two or more electron pair
atoms in 2 molecule or an ion. Examples: pair donor

(2) coo - s
| (b) H,N-CH,-CH,~NH,
CoO™ Ethylene diamine
Oxalate ion

are bidentate and the tridentate

H [Ty - e -

N~ CH, ~ CH, - NH ~CH, - CH, - fin

Diethylene triamine and

“ooc- )

H:C v\ N CH 2 /CH: i Coo

: ~CH,-CH, -
Ethy] =i o " Now,-coo

e - . :

ne diamine tetra acetate (EDTA) ion is an example of a hexadentate.
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The poly or multidentates are also called chelating agents. The chelating
agent on co—ordination with a central atom forms 2 ring structure calleq
chelates, a Greek word meaning Crab’s claw. Example is nickel dimethy|

glyoximate

OH o
H:.C_C=I!J\ /I!|=C—CH,
l Ni
H,C—C=N7 “\N=C —CH,
& on

NOMENCLATURE OF COORDINATION COMPOUNDS
(IUPAC Names of Transition Metal Complexes)

Inu_:mational Union of Pure and Applied Chemistry (TUPAC) recommended
following rules in naming the coordination compounds:

1. Asin simple ionic compounds, the cation is named first and then the anion.

2 In naming a complex ion, the names of negative ligands are written first,
neutral ligands next and finally metal atom. The prefixes di-, tri-, tetra-, penta-, elc

(or some times bis-, tris-, tetrakis-, pentakis-, etc for organic ligands) are used with

the name of the ligand when more then one ligand of the same kind occurs within
the complex ion.

3. The names of the anionic ligands are modified to end in -Q. For cxample

fluoro (F7), chloro (CI"')_. bromo (Br"), iodo (I7), cyano (CN™), nitro (NQ, ), nitre:
to (NO;), hydroxo (OH™), amido (NH, ), oxalato (C,07"), carbonato (CO}).
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suffix-ate is added, often to the stem of the Latin name for the metal e.g., cuperate,

ferrate, stannate etc. The formal oxidation state is again shown by Roman numer-

als in parentheses.

Examples in which the complex is a cation:

[Co(NH,),] Cl, Hexa amine cobalt (III) chloride.
[Cr(NH,),CL] Cl, Dichlorotetra amine chromium (III) chloride.
[Co(en),] (NO,),, Tris (ethylene diamine) cobalt (III) nitrate.

Examples in which the complex is neutral

[Pt (NH,),Cl)) Diamine tetra chloro platinum (IV)
[Co (NH,),(NO,),]  Triamine trinitro cobalt (III)

Examples in which the complex is an anion

K, [Fe(CN))] Potassium hexacyano ferrate (III)

K, [Fe(CN),] Potassium hexacyano ferrate (II)

K,[Co(NO,),] Potassium hexanitro cobaltate (III) -
54 METALLURGY OF COPPER

_ Copper occurs both in free as well as in combined states. In combined state,
it occurs mainly as the sulphide and oxide ores. The chief ores of copper are
copper pyrite or chaleopyrite (CuFeS,), chalocite (Cu S) and malachite
(CuCO,.Cu(OH), ] green and azurite [2CuCO, Cu(OH),] blue.

Extraction

o Coppe‘r is mostly extracted from sulphide ores which contain about 6% Cu.
3 e sulphide ore is first roasted (i.e., heated strongly in a current of air) on the
carth of a large flat furnace whereby the following changes occur:

(i) Large amount of sulphur burns to sulphur dioxide (SO,).
(ii) Iron present oxidizes to ferrous oxide (FeO); and

(iii) Copper changes into cuprous sulphide (Cu,S).
2
CuFes, + 40, — Cu,S + 2FeO + 350,

The ro pir e
ferroys siligtzd(Fm?-e”al is then mixed with sand (SiO,) to remove irc: as
& Copper, The €310, ) a slag which floats on the surface of the molten matte

liquid cOpper matte containing cuprous sulphide (Cu,S) with
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FeS) and silica is oxidized in a BCSSEmET

Iphide S
some unreacted ferrous sup (hrough. FeS is oxidized to FeO ang $0
1\

converter (Fig 5.1) by blowing air t
Ferrous oxide reacts withsand

to give ferroussilicate and the

blast of air converts Cu,S partly
into Cu,O which reacts with the
remaining Cu,S to give metallic
copper in its molten state:

Air —

LA S
Fig. 5.1 Bessemer converter.
2FeS + 30, » 2FeO + 280,
FeO + SiO, = FeSiO;
2Qy,S + 30, — 2Cu,0 + 250,
2Cu,0 + Cu,S =6Cu + SO,

_ The copper thus produced is called blister copper because, as it solidifis
hidden sulphur dioxide gas and escapes producing blisters on its surface. It
about 99% pure. The blister copper contains impurities mainly iron but smal
amount of arsenic, zinc, lead, silver and gold may also be present. As such, ti¢
copper is not suitable particularly for electrical work so it is thus refined.

Refining of Copper;—~ Copper is refined b N f
i y electrolysis, in which blocks?
’tl’%sm copper are used as anodes and thin sheets of pu¥e colpp“érlas cathodes

e cathode plates or sheets are coated with graphite in order to remov

depositing copper easily. The electrolyte is copper sulphate (CuSO, ) acidified
4 ?

with sulphuric acid (H,SO, ). The curren of 1.3 volts is used for electrolyss

Cu
Blister copper

+ +
Cu + 28 (At anode )

2+ .
Cu™" + 2¢ Cu (At cathode)

The electrolytically refined copper is 100% pure.

|
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5.5 CHEMISTRY OF SILVER NITRATE (AgNO,)

Silver nitrate or Lunar caustic is prepared by dissolving silver metal in dilute
nitric acid. On crystallization, the long crystals or sticks are formed.

3Ag + 4HNO, —— 3AgNO, + NO + 2H,0

Silver nitrate is readily soluble in water. It is also soluoblc in {Jfgafz:f:glr‘(’:"g‘;‘:
such as, ethyl alcohol, pyridine etc. It decomposes at 450°C, giving ©

dio

It is also widely usea 1n protvg: ap:
5.6 COPPER SULPHATE (CuS04.5H20)

ichi d blue vitriol or blue
Cupric sulphate or copper sulphate which is also calle AR
stone, i’; prep:fre?i by ,.,agﬁ,g metallic copper with dilute sulphuric acid in the
Presence of air,

20 + 2H,50, + O, - 2CuSO, + 2H,0
89
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It is also prepared by dissclving copper ogn'fic (CuO) or copper carbong,
(CuCO;) in dilute sulphuric acid and crystallizing.

CuO + H_SO, ~ CuSO, + HO
CuCo, + H,S0, - CuSO, + CO, + H,0

Copper sulphate crystalline is blue in colour which on heating loses al i;
water of ¢rystallization slowly changing into colourless form (anhydrous),

230°C
CuSO, .5H,0 = CuSO, +5H,0
Blue(hydrated) White(anhydrous)

Copper sulphate is very soluble in water but insoluble in alcohol and is
precipitated in small crystals from its aqueous solutions by the addition of ethyl
alcohol. :

It liberates iodine precipitating white cuprous iodide (Cu zlz) on addition
to potassium iodide solution.

2CuSO, + 4Kl Cu,l, + 2K,SO, + I,

With aqueous ammonia, copper sulphate forms a pale blue gelatino’s
precipitate of cupric hydroxide [Cu(OH ), ), the latter dissolves very readily "
excess aqueous ammonia (NH OH). forming the deep—blue compl®
Cu(NH,),

 CuSO, 4 2NH, + 2H,0 — M __ ¢ (o) + (NH,),50,

- €XCESS
CuSO, + 4NH, ~ [Cu(NH,), ]SO,

Cuperic tetramine solution

Copper sulphate is used jn c ing i : ing gre”
' : ) copper plating, in electric cells, in makinge ¢
pigments, as a mordant in dyeing and with milk of lime to kill fungus and ™ 1d

’ A
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5.7 POTASSIUM CHROMATE, (K ,CrO ",

Potassium chromate can be prepared by strongly heating a mixture of
powdered chromite ore (FeO.Cr,0,) and potassium carbonate in air.

4Fe0.Cr,0, +8K,CO, + 70, ~ 2Fe 0, + 8K CrO, + 8CO,

It can also be prepared by boiling chromium oxide with potassium hydroxide
and bromine water when a yellow solution of potassium chromate is formed. It
is then crystallized out on evaporation.

Cr,O' + 10KOH + SBr, —~ ZK,CrO‘ + 6KBr + SH 30

Potassium chromate is a lemon — yellow crystalline solid substance. It is very
soluble in water and gives a yellow coloured solution. The yellow colour of the
potassium chromate solution changes into red on addition of an acid such as
sulphuric acid due to the formation of dichromate ion (Cr,0; ™).

2Cro* + 2HY == Cr,0]"+H,0
Chromate ion Dichromate ion

5.8 POTASSIUM DICHROMATE (K, Cr,0.)

Potassium dichromate is prepared from potassium chromate (K,CrO, ) by
adding acalculated amount of sulphuric acid into its saturated solution. It is then
crystallized out on evaporation.

ZKzCrO‘ + H:SO‘ - K =Cr201 + K,SO it H,o

dichlr[ 71 alsq be prepared by treating the saturated solution of sodium
. romate with the calculated quantity of potassium chloride. Potassium

Ichromate bejng |
ess sol : e
Crystals. 1 uble, separates out from the solution as orange — red

N:
2,Cr,0, + 2KCl ~ 2NaCl +K.Cr,0,

91
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Potassium dichromate is moderately soluble in water ?pd-glves an orang,
colour in solution. The colour changes to yellow on the addition of an alkal; due
to the formation of potassium chromate

K,Cr,0, + 2KOH - 2K,CO, +H.O.

On addition of conc. H,SO, to the cold solution of potassium dichromate,
red crystals of chromic oxide (CrO,) separate out.

K,Cr,O, + 2H S0, -~ ZKHSO‘ + 2Cr0' + H:O

It acts as a strong oxidizing agent. It oxidizes ferrous (Fc“) salts to ferric
salts and liberates iodine from potassium iodide in the presence of dil H SO,

6FeSO, + K,Cr,0, +7H,SO, —=3Fe (SO,), + KQ_SO‘ + Cr,(SO,), +7H,0
6KI+K,Cr,0, +7H,SO, —

4K,SO, +Cr,(SO,), +3I_+TH0

On heating potassium dichromate with solid potassium chloride (KCl) in the

presence of concentrated sulphuric acid. it oi i .
ehromylchloride (CrO=Cl’). p 1d, 1t gives reddish brown vapours of

KC -
1,0, + 4KCl + 6HQSO‘—-——-—-..6KHSO‘ +2Cr0,Cl, + 3H0

2MnO, + 4KOH + O,

— 2K2Mn0‘ +2H 0

’ ' J
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Potassium manganate is extracted with water and the solution is treated
sither with chlorine or ozone to get the oxidized product potassium perman-

ganate
2K, MnO, + Cl, ~ 2KMnO, + 2KCl

ZKzMnO4 + Hzo + Oal - ZKMnO‘ + 2KOH + O,

Potassium permanganate can also be prepared from potassium manganate
by electrolytic oxidation

2K MnO, + 2H,0 - 2KMnO, + 2KOH + H,

Potassium permanganate is the most important chemical compgund of
manganese. It is a deep purple crystalline solid and is readily soluble in water
giving.deep pink colour. On heating, it liberates oxygen and forms potassium
manganatc and manganese dioxide.

2KMnoO, - K,MnO, + MnO, + O,

Potassium permanganate is a powerful oxidizing agent and is used for this
purpose in acidic, alkaline or neutral solutions. In acidic solution permanganate
ion accepts five electrons to form manganese (an"') ion, whereas in-alkaline
FhrA naut)ral solutions, it accepts three electrons to form mangancse dioxide

nO,).

MnO, + 8H™ + Se™- Mn** + 4H O
Basic or neutral medium

MnO, + 2H,0 + 3¢ MnO, + 4OH™

m{ﬂﬁ:‘“ﬂ“@ permanganate oxidizes ferrous (Fe®* ) salts to ferric (Fe> *) salts,
s (NO,) to nitrates (NO, ), oxalic acid (H,C,O,) to carbon dioxide,

hydroge : 1,00, n d
in acigicnnil):éﬁféﬂc (Hzo-.-) to oxygen and potassium iodide (KI) to iodine (1)

\

MnO 2+
N0+ SFe™ 4 gH'* Mn®" + SFe’* + 4H,0

2MnG, : 5 ol
"0+ SNOS + 6H* 2Mn?* + 5NO, + 3H,0
93
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2MnO, + SH,C,0, + 6H*— 2Mn** + 10CO, + 8H,0

2MnO, + SH,O, + 6H* 2Mn?* + 50, + 8H,0

2MnO, + 10KI + 16H* 2Mn?* + 10K* + SI, + 8H,0

In neutral or alkaline medium permanganate oxidizes pota§sium iodide to
potassium iodate (KIO, ) and hydrogen peroxide to oxygen and itself reduces to
manganese dioxide.

2KMnO, + H,0'+ KI -2X3lC . 9ol + 2MnO, +KIO,
imedium

2KMnO, +3H,0, Wl o0io 4+ 9KOH + 30, + 2H,0
medium ? 3 g

Potassium permanganate is used as an oxidizing agent and as a disinfectant.

5.10 CORROSION AND ITS PREVENTION

The term corrosion is defined as a harmful and an undesirable reaction of a
metal material as a result of exposure to atmosphere or any chemical agent.
Almost all metals except.noble metals, such as Ag, Au, and Pt., show great
tendency tn’corrode with different rates when exposed to atmos l';ere or water
or any reactive liquid. For example iron acquires brown flaky su',fgce called rust,
copper surfaces become covered with a layer of green coloured substances, cells

made of zinc get white powder deposi $
: , sits on th -
in the zinc case. P ¢ir surface often leading to holes

atm?;hzg Jrciorros.lcm_ nametal is due to the action of atmosphere, it is known &
o p Ic corrosion, and when th.e corrosion is due to the reaction of a liquid
metal, it is termed as corrosion in liquid. Different metals corrode &

ately on exposure 1o air, calcium corrodes aui : .
’ S qulel Iron d tin,
lead and copper corrode v ery slowly. Y corrodes slowly an

!t ha§ bccn_learnt through experiments that dye to corrosion one —fifth of
the tron in use is lost annually and it also reduces very much the streneth of iro?
structure. Since iron and steel are very widely used metals number%)f various

]
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methods have been used to prevent the corrosion. Below are enlisted some of the

methods:

(i) Protective Met llic Coating: — The iron or steel can be protected from

corrosion by coating with another metal as in galvanized ironii.e., covering with
zinc, tin plating (Tin covered).

(ii) Electroplating: — Noble and bare metals are used for electroplating on
any desired metal.

(iif) Alloying of Metals:— One of the most important way of protection of
ametal from corrosion is by mixing of it with another metal i.e., alloy formation

e.g., stainless steel is an alloy of Fe, Cr and Ni.

(iv) Coating with Non —Metallic Material: Metals can be protected from

corrision by using various kinds of non —metallic materials such as paints, oils,
grease, plastic emulsion etc.

5.11 STAINLESS STEEL

The term stainless steel is used to those iron=based alloys which show
resistance to corrosion. They are formed by the addition of chromium or
chromium and nickel in steel.

There are three main types of stainless steel which have different percent-
ages of base metals and are listed below:

(i) Stainless steel containing 13% Cr and 0.1 to 0.4% C

(ii) Stainless steel containing 17% Cr and 2% Ni and
(iii) Stainless steel containing 18% Cr and 6% Nj

(All the types of stainless steel are corrosion resistant alloys and are
olfadlzable,: only tosuch a slight degree that a very fine film of oxide is formed on
;Oe Matenal surface which resist further corrosion. This fine coating of oxide is

thin that the colour and appearance of the basic material look like unchanged.

anicsl::alr;lcss steels are used in the production of house hold utensils, cutlery,
Stor decoration and its application in industry is unlimited.

S.12 SILVERING OF MIRRORS

Th T
ama[g:n:c(;m silvering was formerly applied to the formation of coating of an
3 Mirroy Nn alloy of tin and mercury) on 2 glass for giving it the properties of
feduetio -« 2 42ys, mostly a pure silver metal is deposited on the glass by

Ction j .
finstead of old amalgamation process.
. 95
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The silvering of mirror was originated by Liebig i.n 193§ when he heateq an
aldehyde with an ammoniacal solution of silver nitrate In a glass tube apq
observed a brilliant deposit of metallic silver on the surface of the glass, 5
method for glass mirroring with silver is given below:

Clcan the glass sheet with ammonia and wipe with a vy
chamois. Then preparc a solution of silver nitrate in distilled water ¢,
which add dilutc aquecous ammonia slowly until the brown precipitat,
of silver oxide is redissolved. In another beaker prepare solution of
Rochelle salt (Sodium potassium tartrate) in water. This solution i
called ammonical AgNOs solution. To this solution add glucose which
acts as a reducing agent and immediately pour the solution on the
middle of the glass to be silvered. It will spread itself over the surface
of the glass shect. The reduction immediately begins as follows:

AgNO, + NH,OH » AgOH + NH,NO, .
While
precipltale
AgOH + 2NH,0H )| Ag(NH;), [OH +2H,0
Diamine sllver (i)
hydroxide
[2Ag(NH,), Jon > Ag,0 + H,0 + 4N H}
CH,OH
bt v a e
o+
('3 Ry £.0 —-)[F HOH), +2Ag
COOI11
Photography: — The
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dheveloper. .Tt.zis drcquccs the sgnsmzcd silver bromide 1o silver metal, whereas
ghc gn::lr;suléztgu silver bromide grains remain unchanged. By this technique
the develope mrcproducc.s the pattern of the light that exposed it. This film

is called the negative because it is bla i . :
') a8 » Ckcned Wl
in the original image was most intense, th metallic silver where the light

The negative film is then fixed by immersing it i i -
: : : g itinthe fixing bath containin
the solution of sodium thiosulphate (Na,S,0, SH,0) callid 'hypo’ whicl%

removes the excess of undeveloped sily 2 : it
phate complex. P er salts forming soluble silver thiosul

3= -
AgBr +2Na,§,0, = Ag(s,o,)z + Br 1+4Na“

A positive print can be made by exposi ' ini
: ; : posing photographic paper containing a
coat of silver —bromide and silver iodide emulsion, to light that passes through
the supenmposed negative print. The exposed paper is finally developed and
fixed in a similar manner.

5.13 TIN PLATING

~ Tinplating is an art of making a coat of metallic tin on baser metals such as
iron and copper for their protection from corrosion and poisoning. Tin plated
iron sheets are thus used extensively for making cooking oil containers and all
types of.conlaincrs. The household utensils of copper and brass are protected
from poisoning by tiri plating. The process of tinning may be carried by mechani-
cal or electrolytic method.

In the mechanical process the iron sheets or mild steel are first thoroughly
cleaned by dipping in warm dilute sulphuric 2cid to remove the oxide film. The
sheets are thenwashed withwater andafter drying, dippedin the bath containing
;r:]‘:jl‘g" tin. The sheets are then rolled to remove superfluous tin, The copper
= rass utcnsll:s are (irst heated and then rubbed with some quantity of
mbrgog'"m chloride (NH, Cl), to remove the oxide film. A little of tin metal is

cdoverthe hot surface and after sprinkling some ammonium chloride, the

surf; - : ! ‘ , th
i :I;i ;’.f the utensils are polished with a rag until a uniform layer of tin is

I?ug;ee:l:cgqul!c process, the iron sheets after cleaning, washing and drying
Ydrochlori =odto:a b?'h containing a mixture of stannous chloride and
calhog, Oxc acid. Pure tin s made the anode and the iron sheets are made the
iron sheey A Passing the current through the bath, tin starts depositing on the
' > In amounts corresponding to the tin going into the solution. Thus

iron $ x
heets are tinned electrolytically,

are
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ASSIGNMENT

1. Give the electronic configuration of the following elements:
(a) Scandium (21) (b) Vanadium (23) (c) Manganese (25) (d) Iron (2%)

2. Give the general characteristics of the transition elements,

3. Name the following compounds and give the oxidation number of chromjyp,
and manganese in each:

(1) CrCl, (ii) H,CrO, (iii) Cr, (SO, )a (iv) MnO; (v) MnS (vi) KMnO,
4. Name the following compounds:
K‘[Fe(CN)‘] » Na,[Co(NO )+ [Cr(NH,), CI,J;
[Co(H,0),1SO, ; [Cu(NH, ), 18O,

5. Water and ammonia molecules act as ligands but H.O" and NH_ do notac
as ligands, explain, 2 ‘

6. Give the conditions favouring the rusting of iron. How can corrosion be
prevented?

7. Describe the metallurgy of copper.

8. What do you know about the chemistry of the following compounds:
(i) AgNO; (i) CuSO, . SH,O (iii) K,CrO,, (iv) K,Cr,0
~ 9. Write short notes on: s

(i) Silvering of mirrors (i) Photography (itf) Tin plating

o8 AA
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ORGANIC CHEMISTRY

CHAPTER ©

INTRODUCTION TO ORGANIC
CHEMISTRY

Organic chemistry is the study of properties and structure of
compounds which contain carbon hydrogen bonds. Previously the
term “Organic™ was uscd only for those substances which were
obtained from animal or plant sources and could not be prenared in
the laboratory. It was thought that a vital force was required for their
Production; This theory was rejected in 19th century by experimental

°bservatlons of a number of scientists.

: For example in Germany, a young chemist Wohler in 1828, prepared urea
:’Nhe labora_tory from inorganic material, ammonium cyanate by boiling it with-
ater. Urea is a waste product of metabolism and is excreted through urine and

e it : 2 .
fice it is a typical organic compound.

0
H,0 I
NH,CNO—3 L5+ H,N - C — NH,
99
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Thus the vital force theory (vital = life) i.e. organic compounds could not

be made without living cells was discarded. Now a days many organic com.
are made from inorganic materials. A vast number of organic com.
pounds previously isolated from plant and animal sources have beep

synthesized. For example, rubber was isolated in the form of latex
from rubber plant. Today rubber is manufactured largely from
synthetic materials

Kekule in 1865 proved that the valency of carbon is four in carbon com-
pounds. He also established chain structures of the carbon compounds and ring
structures of benzene, a typical organic compound. The vast number of organic
compounds prepared over a short period and unique nature of such compounds
necessitated treatments made the study of organic compounds separately from

necessitated the study of organic compounds separately from com-
pounds derived from rest of the elements.

In view of the unique properties of carbon compounds, these are siudied
separately from inorganic materials. However, some oxides of carbon eg: carbon
monoxide, carbon dioxide and those complex compounds which contain metal,
are excluded from this branch. Although the earth’s crust contains only 0,027%
carbon, millions of organic compounds are known because of the ability of
carbon atoms to bond itself to other carbon atoms forming long chains, branched
chains, rings and compounds with chains and rings together. This property is
called catenation i.e: the ability of an element to bond itself with its own atoms.
Other elements also exhibit the property of catenation but carbon does it to 2

greater extent. Silicon has same tendency to catenate, but it is insignificant as
compared to catenation ability of carbon.

6.1 NATURAL SOURCES OF ORGANIC COMPOUNDS

The mineral sources of organic compounds are coal natural gas and
petroleum. Plants are also amo '

e ng natural sources of important organic:com
Coal:— The bituminous or soft coal is a v

: _ ery important source of Ofﬂaf,‘ic
compounds. This when subjected to destructive distillation, products of i
dustrial importance are obtained.

100
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Table 6.1
Products obtained from destructive distillation of coal |
COAL
| | I
Gaseous Viscous ' Solid
products liquids materials
Coal gas Coal tar Coke
(Main product used (A good sourceof  (Pure carbon used
as fuel) hundreds of organic  as reducing agent
crmpounds) in Industries) e
nal D i =Tar— When coal is destructively dis-

tilled, four principal fractions are obtained, viz: coal gas, coal tar, coke and
ammonical liquors. Of these coal gas which consfsts mainly of methane and
hydrogen Is-used as a fuel, while coke a form of carbon, Is used in the manufac-
ture of iron and steel industry. The composition of ¢oal tar varies depending
on the nature of the coal. However, coal Is composed of various

aromatic hydrocarbons.
These components are separated by fractional distillation of coal tar. It has
been calculated that 100 Kg of coal tar yield 1—-2 Kg of benzene.

J!q.lmj_ﬁaxz Natural gas is also one of the important sources of simple
organic compounds specially like methane. It §s found at Sui in Pakistan and
known as Sui Gas. It is also found at other places. |

Composition of Sui Gas

Methane 94.60%
Ethane 105%
Propane 0.28%
Butane 0.17%
Nitrogen 3.88%
Carbon dioxide 0.02%

6.
helzokfe tt;zleum: Petroleum means rock oll in Latin, It Is usually found
COmponen t:uﬂ'acc of carth. It is a viscous liquid comprising of
yolo-aj), With different bolling potnts. It contatns alkanes, alkencs,

anes, aromatic hydrocarbons, besides, some inorganic |

Com :
Pounds. 1t js also called crude oil. When Subjected to fractional . |
101 :
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distillation, several groups of products are obtained. This is knowp g
refining of petroleum.

REFINING OF PETROLEUM

Petroleum is refined by distillation. Crud% oil i; carried by pipes 10 ,
fractionating column and heated to above 400°C. A number of products are
obtained at different temperatures and condensed.

More than 500 compounds have been found in petroleum distillate boiling

below 200°C. Table 6.2 shows the composition of various fractions obtained by
distillation of petroleum.

Table 6.2 Typical fractions of petroleurn distillate

Boiling range of fraction No, of C- atoms Nature and use
Below 20°C C,~C, Natural gas, bottled gas,
petrochemicals
_20-60°C C,—-Cs Petroleum ether, solvents
60-120°C Ce—C, Ligroin, solvents (Naptha)
~ 40-200°C C:=Cio Gasoline
175-325°C = i
_ 9=2D Ci:—Ci, Kerosene and jet fuL
20 -7490°C C,z—higher Gas oil, fuel oil, diescl0!
—"
Nonvolatile liquids C,o—higher Refine mineral/ lubricai®
oil, grease
Nonvelatile solids C.,y—higher | Paraffin wax, aspbauandﬂf
_/

Gasoline or petrol is a mj |

) mixture of he i)
Since the demand of gasoline is increasti]r: m:jtc (C" Hl“) 5 ?(:%U‘-’llf‘or
automobiles, airplanes etc. Th g due to its increased use as

(Y ine i 0N yan
tities of petrol from crude oil. racking is employed to obtain increased

REFORMING OF PETROLEUM

Kr&oddng s a sharp metallic sound produced in the 18 tc"?:i
ustion englne. Its cause Is gasoline of low octane numbe™ "

.

comb
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octane number of gasoline is improved by reforming, a process some-
what similar to cracking, which again brings about the conversion
of straight chain alkanes into branched chain alkanes. If the petrol
used Is of such quality that its vapour mixed with air can ignite prior
to high compression on passing of firing spark, the energy produced
by burning of fuel Is not utilized In moving the piston. By the use of
catalyst. the straight chain hydrocarbon molecules may be reformed to
other molecules which give better performance as motor fuels. This Is
particularly important In the manufacture of aviation gasoline. In the
presence of compounds called antiknock compounds, the knocking
can be decreased. Value of the fuel Is expressed In terms of {ts octane
number. The octane number of gasoline may also be Increased by
adding tetraethyl lead Pb(C;Hsg), as knock inhibitor, which moder-
ates the explosions in the cylinders of the engine. But fuels containing
Pb(C,Hs), . pollutc the atmosphere with lead.

Example:
CH,4 CH,4
Meat i |
CH: s CHz- CHz p— CHz - CH: - CH: — CHz = CH: WCHQ_ ? = CHz_ CH— CHJ
CH,4

2.2.4-trimethyl
p-ntane (branched chain)

n-octane (straight chain)

6.3 CRACKING

'fhe fractional distillation of petroleum yields only about 20% petrol.
Additional quantties of petrol are obtained by cracking of higher boiling

fractions. Cracking Involves splitting the larger molecules of the less
volatile fractions into smaller molecules of greater volatility by subjecting

them to high temperatures and pressurcs in the presence of catalyst
Besides increasing the yield of petrol from petroleum, cracking also yiclds

large amounts of useful by products such as ethene. propene, butene
and benzene. These are used for making drugs, plastics, detergents,
Synthetic fibers, synthetic rubber, fertilizers, weed killers and important

chemicals like cthanol, phenol and acctonc.

Example: When propane is heated to temperaturc between 700-800°C
In the absence of air, it is cracked to give propene, ethene, methane
and some hydrogen gas.

2(CH, - CH, - CH, )——o 3 CH - CH = CHy + CHy = CH, + CH, + H,
37 ateenceolalr oo ene Ethene Melhane

Propanc

B
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the cracking reaction becomeg

¢ alkal‘lc.
With high members of acking of heavy gas ol in th,

complex. Consider for example the cr
presence of zeolltc as catalyst.
500-550"C
H,, +C;sH
C7H15(015H30)C7H15 ——i C,H,g +CrH1a ¥ +15%30

heplane 1-heptene This further
Heavy gas ol n-heplane B lo

smaller molecules,

6.4 POLYMERIZATION

Polymerization is defl
molecules join together to
addition reaction.

Types of polymerization:- There are two types
1. Addition polymerization and

2. Condensation polymerization

1, Addition polymerization:- When many monomers undergo sell
combination, resulting into a substance with a molecular mass many
times greater than the monomer, then the polymerization is known s
addition polymerization. The empirical formula of the addition poly-
mers formed is the same as that of the monomer. For example the

ned as the process in which many small
form very large molecules. It is a self

of polymerization.

formation of polyethylene from ethylene.

0.01% O,
Ethylene Polyethylene

2. Condensation polymerization:- In condensation polymerizatio®
there is an elimination of a by-product usually water. Bakelite i
cxample of a polymer formed by the condensation process, involvig
phenoland formaldehyde as monomers.

n(CI-!2 - CHQ) 200°C, 100 atm (—CH2 - CH2 —_ CH2 - CH2 —)n

-1

OH OH

s

E OH OH
n + (|3[ + -Hy0 "CHQGCHQO'CH{
O : g

| Phenol Formaldehyde Phenol Bakelit
Al elite

104
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6.5 CLASSIFICATION OF ORGANIC COM |
OF ORGANIC COMPOUNDS. POUNDS OR TYPES

el Organic compoulrllds are divided into two major groups:
pen-chain or acyclic compounds or Aliphati
(2) Closed-chain or cyclic compounds e
Open-chain compounds have open chain structures and are

generally called as Aliphatic compounds.
The organic compounds containing closed ring are called cyclic

compounds. The cyclic compounds are further divided into two types: (a)
' Homocycli€” or carbocyclic compounds, when the ring consists of
carbon atoms only and (b) Heterocyclic compounds, when the ring
contains in addition to carbon atoms, other atoms like O, S, N etc.

Homocyclic compounds may further be divided into two types:

(i) Alicyclic compounds. (ii) Aromatic compounds.
Alicyclic compounds arc carbocyclic or homocyclic compounds

which resemble aliphatic compounds in many ways and do not
contain benzene ring e.g. cyclohexane.

CH,
H,C CH,
H,C CH,
CH,
Cyclohexane (Alicyclic) -

Alicyclic compounds are also called non-benzenoids.
Aromatic compounds are also carbocyclic or homocyclic com-

pounds, containing atleast one benzene ring. A benzene ring is a
hexagonal ring of six carbon atoms with three alternating double and

single bonds.

H H
Example: I (,l;

C 27\

He T o—H H—IC i_OH
_l "_H H—C_ C—H
I I
H H

aromatic phenoi

aromatic benzene
105
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Heterocyclic compounds are cyclic compounds containing other
elements besides carbon on the ring. e.g.

CH
HC CH
HC CH
N
Pyridine
ORGANIC COMPOUNDS
Open- Chaln Closed Chaln
or or
Acyclic compounds Cyellc compounds
or
Aliphalc
compounds I '
Helerocyclic
Homocyclgcr ol
Carbocyclic compounds

I | l

Alicyclic compounds Aromatic
or compounds
Non- benzenolds
6.6 HOMOLOGQUS SERIES

A series of compounds in which the various members have similar structural
features but which differ from each other by an integral number of —CH, groUP
(the methylene group) in their structures, is called a homologous series.
normal alkanes which have the general formula C.H,, ., are a homologov®

series, in which each member of the series di o ot
member by one —CH, group. differs from adja

106
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The members of the homologous scries have similar chemical propertics
ond there is a smooth gradation in the physical properties of the compounds.
For example melting and boiling points tend to increase with the increasing
molecular weight in a homologous series (The ﬁrs} member of the s-cilcs is
sometimes an exception to this rule since 1ts properuics are somewhat different

from the properties of other memibers).
1. All members of the homologous series have similar structures.

2. Physical properties of homologous series change progressively and
more or less with the number of carbon atoms.

3. The composition of all members of a homologous series. can be
expressed by a general formula. Thus alkanes can be represented by the
general formula C,H,,, ,, alkenes by C,H,, and alkynesby C.H,, _ .
where 'n’ is the number of carbon atoms in a compound.

4. Successive members of the series always differ in composition by
—CH, (molecularweight 14), Any two members of the serics, therefore,

differ by some multiple of —CH,.

Homologous series of saturated hydrocarbons i.e. alkanes.
CH CH, GCH, CHpCH,, CH,

4
Methane. Ethane Propune Butane Pentane Hexane

I13:—= All members of homologous series share a
general molecular formula. e.g. C,H,_, , for the alkanes, each successive
member in such a series ditfers on its molecular formula by the addition of a
~CH, group and in its molecular weight by an increase of 14.

gradually as the l; ‘; The physical properties of the members change

the b numf cl: of carbon atoms per molecule increases. For example,

=disiin grg ints of the .alkancs increase along the series, so that first four

10 Seventeen cga;cs at ordinary temperatures and pressures, member with five

are wax like so?izjs Ofsl_atpms per molei:ulc are liquids while the higher members

eressh i o imilarly the melting points and densities of the alkanes also
lle the solubility in water decreases along the series.

hemical T
g‘-‘% All members show similar chemical groperties, e.g.

allthe !
Urn inazlu]'(:gcs are generally fairly unreactive under ordinary conditions. They
with halogcnsnnmg carbon dioxide and water and undergo substitution reactions

107
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. — All the members can easily be prepareg

by using the same general method ¢.8 alkanes can be prepared by the reductiop

of alkyl halides.

Zn + 2HCI = ZnCl, +2[H]
Cgﬂﬁl + 2[[—]]_.&“.{'_“'——)C2Hu + HI
Elhane

6.7 ISOMERISM. '
Compounds having same molecular formulas but differing in

structural formula due to different arrangement of atoms or groups,
are called isomers (iso=same; mers=units means same units) and the

phenomenon is called isomerism e.g; 1
C,H,0 Is the molecular formula of two isomers namely; ethyl alcoho

and dimecthyl ether.

&

H H H H
H- ¢~ C-OH H--0-C-H
H=H H H
Ethyl alcohol Dimethyl ether
(Ethanol) (Methoxy methane)

This means isomers are different compounds which have same molecu&
formula but different structural formulas.

Types of Isomerism:-There arc various types of isomerism but out
of which some are given below:

: JEA2N1 3 ] Belets somerism):- D’ﬂ'erent compoﬂﬂ
which have same molecular formula but differ in chain of i
atoms i.c skeletals are called chain isomers and the phcnomenﬂ"wm‘l?

termed as chain isomerism. e.g;: pe followi"
three isomers:- g pentane (CgH,3) has the |

(1) CH3 - CH2 i CH2 _‘CHZ - CHa n..pcntaﬂc

|
CH,
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CH,4
I

(iii) CH,- C -CH, nco-pentane
I

Isomerism caused by the difference in

(2) Position Isomerism:-
position of the functional group in the same chain is terined as

position isomerism e.g; propyl alcohol (Cs H,OH) has two position

isomers: .
n-propyl alcoh_ol

or 1-propanol

i) CH, - CH, - CH, - OH

) 2 1
ii = = Iso-propyl alcohol
e Ha ?H Gl or 2? propanol
OH

Similarly butenc (CsHs) has two position isomers:

2 ] ol
(ﬂé[—]a—é[—{z_-CH=CHz 1-bulenc

2 1
i) CH,—CH=CH-CHy~  2-butenc

(3) Functional group Isomerism:- Functional group isomerism is

exhibited by the compounds which have same molecular formula but
diflrcent functional groups e.g. CaHe O is the molecular formula of two

functional group isomers which are given below:

(@)
Il
() CH;-CH,-C Propion aldehyde or propanal
[ .
H
O
() CH, - g— CH, Acetonc or 2- propanone

109.
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(4) Mctamerism:- Mectamerism is a type of isomerism which Is
exhibited by the compounds having samc functional groups p,
different alkyl groups attached to the same multivalent atom e.g A
cther with molecular formula Csk100 has three metamers,

() CH, ~ CH, - O~ CH, - CH, Di-ethyl ether
CH; \
(1iD) CI-I: /CH-0-CHy Methyl-iso-propyl ether

Functional groups:- The properties of organic compounds depend
on the presence of an atom or group of atoms that is substituted in the
chain of carbon atoms in place of a hydrogen atom which is termed as
functional group. Each functional group has its own characteristic
properties.

Thus functional group is defined as an atom or group of atoms
whosc presence in an organic compound confers the properties to
organic compound unique to that atom or group of atoms. Functional
group also defines the structure of a particular family of organic
compounds.

In alkyi halides (R-X), halogen atom (-X) is the functional group

ga:‘lodui[;l aleohols (R-OH), the hydroxyl group (-OH) Is the functionsl

A large part of organic chemistry deals with the chemistry of

functional groups. The orgainc compounds on which functional
groups are present, can be considered as derivatives of hydrocarbons

in which, ocne or more than one hydrogen is replaced by the functiond
group. The functional group determines the basje chemistry of 3
organic compound while the alkyl group has an effect on its physic"‘Il
propertics. For instance, the polar hydroxyl group (-OH) in alcohols
promotcs the solubllity in water but the non-polar alkyl group oppose?
it. For all alkyl groups larger than C 4Hy (Butyl), this opposing effects
sufliciently greater to limit the solubility of a compound in water:

Table 6.3, Names of some common functional group® and
structures of organic compounds containing them.

110
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TABLE 6.3

r OLOGOUS GENERAL MOLECULAR FUNCTIONAL GROUP
;?R%ES FORMULA AND ITS NAME
i. ALKANES CqHgpyz OF R- H

N oel
. ALKENES C.H;, /C = C\ Double bond
lil.ALKYNES C,Haqn-2 ~C = C- Triple bond
lv.HALOALlMNES R-X (where x=F,Cl,Br,]) |-X (Hallde group)

or Cnﬂzn_nx
-OH (Hydroxy! group)

v. ALCOHOLS R-OH or Cp Hans1 OH
@- OH or Cst;OH ~OH (Hydroxy! group)

vi. PHENOLS
vil. ETHERS R-O-R' or C,H,,;,0 [-OR' (Alkoxyl group)
H H
vill. ALDEHYDES ;C =0 (£ >C = O(Carbonyl group)
R
' or -CHO
. Rx \
IX.KETONES C=0 C = O (Carbonyl group)
i r/ /
0 I
[l
* CARBOXYLIC | R~ C-OH or R-COOH |- C- OH (Carboxy! group)
ACIDS
\“__
X @ i
s R-C-OR' —~C-OR' (Alkoxy car-

bony! group) or
Ester group.

111
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OMOLOGOUS | GENERAL MOLECULAR | FUNCTIONAL GROUP |
SERIES FORMULA AND ITS NAME
0 ﬁ s
Il
xi1.ACID HALIDES R-C-X —C- X (Acyl group)
O O 1
{! |
xili.ACID AMIDES R-C-NH, -~ C~ NH; (Amido group)
xIv.PRIMARY R~ NH, ~NH, (Amino group).
AMINES

6.8 NOMENCLATURE

In early days organic compounds were named on the basls of
their origins. For example, methane as marsh gas, methyl alcohol as
wood, spirit, similarly acelicacid from vinegar (Latin: aceteums=vinegas
These namcs are called, as Trivial or common names.

A increase {n the number of organic compounds due to thelf
rapld growth, caused a problem in naming the compounds. To
overcome the problem, th leading chemists held a meeting in Genevé
In 1882 and formulated a system of nomenclature, called as Genevd
system. This system later on was modified by the International Uslon
of Chemistry (LU.C) at Liege in 1930. The L.U.C system was fusth"
imporved by International Unlon of Pure and applied chemistsy 1
1960 and termed as LU.P.A.C system of nomenclature .

PAC system is the alkanes,

“ane” added, e.g penlane, hexane
The general molecular form
Is the number of carbon atoms

ete.

iﬂ'
ula for alkanes is Cn H2ne2 wher®
present in g molecule.
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CH,-CH, - CH, (pmpae@)'
Other examples:
CHy=CH,-CH,-CH,-,  CH,- CH - CH, -
\\ ‘ " n-Butyl CH;
N\ Iso-bulyl
&cf

CH,
|
CH; T C s’ CHz =
|
CHj

: Neo-pentyl :
'_ ' 113
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Primary, Secondary and Tertiary carbon:-

The carbon atom to which a functional group is attached may
be classified as primary, secondary or tertiary.

A carbon alom bonded to functicnal group when attached one,
two or threce other carbon atoms is called primary, secondary or
tertiary carbon atom.

H H

R
| | I
R-Cc*-X | R5C*-X R-CovX
I l |
H R R
Primary carbon Secondary carbon ; Terliary carbon
Examples:

CH,

|
CH; - CH, -~ CH, - OH CH,- C -0OH
Propyl alcohol

(primary or 1° alcohol) '

H
Isopropyl aleohol (sec. or 2° propy!
alcohol)
CH,
|
CH,- ©C = OH
I
CH,
Ter.bulyl alcohol (terlary or 3° alcohol).

IUPAC NOMENCLATURE OF ALKANES

Rules for naming Alkanes:-

|
1. Sclect the longest continuous chain of R arbon atoms wheth®’
straight or branched and consider it as the parent alkane.
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Example:
5 4 ) 2 1
i
(wrong) CH,

6 5 4 a

|
4CH,
|
(correct) lC[-I3

2. Number the carbon atoms of the longest chain selected in which
dircction gives the nearest branching for the location of all branches.

Example:

5 4 3 2 1
CHs- CH2 TiE CHz"‘ ?H“"CHa
(correct) CH,

oy | 2 3 4 5
CHy = CH - CHy= CH - CH,

3. Position of each all o
¢yl radical is designated b
atom to which it is attached i i G

EJﬁi:lmple:

4
CH. _ 3 2 1 5 4 3
3 CHQ" ?H —'CHa CHa—CHg" (FH v ﬁz:H-éHs
i CH, CH, CH,
ethyl butane 2,3~ dimethyl pentane

L 1fide
nti
Wmper orcal radicals appear more than once in the chain then the

alkyl radicals is represented by adding prefixes di, tri, tetra,

°te with the name of alkyl radical.
115 J
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Example:

2.3,3 -trimethyl pentane.
5. When t;vo or more different alkyl radicals are present in the chain
then they are named in the alphabetical order i.e ethyl before methyl,
and methyl before propyl etc.

Example:
CH,
5 4 3 |
CHS-CHZ- C'H -— zc - CH3
!
G
CH,
S-elhyl, 2-methyl pentane.

:i:ihen different alkyl radicals occur at the same position on a carbos
atom from either end of the chaln then the carbon chatn is numbered
om that end where the smaller radical is attached.

Example:

6 5 i
CH,-CH. - s 2 1
3 2 ?H CH 'CHz"CHa

4~clhyl, 3-methyl |y
7. The radicals are always mentf Siane :
0 th
actual compound i.e before the b:seednmamme tglfe;kmposlmns il
e.
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Other examples:
[“ CHa — C(CH; )2 — (CH: )2 . CHa

CH,
1 zl 3 4 8
or CH;"' C "'CH,"CH:"CHa
|

CH,
2,2-dimethy! pentane
.
| : 3
() (CH;),CH or CH,- ¥CH-CH,
2-melhyl propane
CH,
CHa\ I
(i) CH-CH,- CH or
CH,/ |
| CzHg
) ?H"
CH3\&y_&H, - ‘CH-5CH,-°CH,
CH,/
2,4 —-dimelhyl hexane
W (CH;), CH- CH(C,Hs)-C(CH,); or
CH,
|
5CH,- “CH -°CH -°C -!CH,
l | |
CHy cH, cH,
|
CH,
. Jd-cthyl ~2,2,4-triniethyl pentane
Wote: Uge hyphens)
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IUPAC NOMENCLATURE OF ALKENES.

ules for naming al -
1. Select the longest continuous chain of carbon atoms which must
include both the carbon atoms containing double bond.

2. The numbering of the longest chain starts from that end nearest (,
the carbon-carbon double bond, irrespective of the location of alkyl
radicals .

Example:

4 3 2 1 G 5 4 3

CH:,-(I2H -CH=CH, ; CHy-CH;-CH;- CH -CH,-CH,
CH, *CH

3- methyl bulene ]

ICH,
3-ethyl hexene
pound is indicated by changing the

ponding alkane by —"ene” and the position
ain should also be mentioned .

3. The double bond in the com
suflix- “ane” of the corres
of double bond in the ch

3 CHG"CHz" éH _él-l:CHg
| ;
C,H,

3- ethyl -1-pentene

1.4~ hexadlene
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Other examples:
5 4 3 2 1 5 4 3 2 1 !
CH,- CH- C = CH-CHj,, CH, =CH- (I_“,H-—CHzC.Hz.
| !
CH, CH, CH,
3,4 -dimethyl -2-pentenc | 3-methyl-1,4 -pentadicne
7 6

5] 4 3 2 ]
CH, =CH-CH,-CH=CH-CH =CH,

1.3.6- heplalricne or hepta-1,3,6-triene.
IUPAC NOMENCLATURE OF ALKYNES

1. Sclect the longest continuous chain of cabon atoms which must
include both the carbon atoms containing triple bond.

2. Thenumbering of the longest chain of carbon atoms starts from that
end nearest to carbon—carbon triple bond, irresprective of the location

of alkyl radical.
Example :
1 2.3 4 5
CH3 'Y C = C- CHH-CHS
2-penlyne
3. The position of triplc bond is indicated by the number of that carbon

_ alom which has lower number . ,
4. The triple bond in the compound Is indicated by changing the

sullix-"ane" of the corresponding alkane to -"yne".

ple:
4 3 2 1 1 2 3 4 5
CH,-CH,~C=CH, CH;-C=C-CH,- CH,
1-butyne 2-pentyne

15- If two or more triple bonds are presented in the chain then they are
_‘Ndicated by adding the prefixes di,tri etc before the suffix-"yne"

_Exﬂmlnlc:

5 T L |
??_“"CEC“CECH. 8Hy-C=C- CH -C=CH
*3-pentadiyne I
CH,4
3-methyl-1,4 —hexadiyne
119
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6. Other rules remain same as usual.

Other examples:

1 2 3 4 5 4 3 2 1
CH, - C=C-CH, CH;- CH- CH-C=CH
2-butyne [ I

CH,; CH,
3.4 - duncthyl-1-pentyne

(-] 4 3 3501
CH, - (T,‘H - &1 -C=C-CH,
CHy CH,
CH,

4-ethyl-S-methyl ~2-hexyne
Compounds that contain double and triple bonds:-
Rules:

1. When double and triple bonds both are present in a molecule at

equal positions then the preference of numbering is glven to the
double bond

Example:

1 2 3 4 S 1 2 3 4 5 6 7
CH; =CH-CH,-C=CH CH,;-CH=CH-CH,-C=C-Chs
1- penten—4-yne 2-hepten-5-yne

2. In casc of a chain contalning both double and triple bonds i

different positions then the numbering starts from the end where ¢
double or triple bond is nearest.

Example:
= el 2 |
CH;~CH=CH-CH,-C=CH
4-hexen-1-yne
1 2 3 4 5
CH; = CH-CH,-Cs= C—(tfll-l:l
I-huen—‘l—yne
120
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NOMENCLATURE OF AMINES:

Alkyl or aryl derivatives of ammonia are called amines. They
may be primary, secondary or tertiary depending upon the number of
hydrogen atoms of ammonia are replaced by alkyl or aryl radicals.

R-N-H R R- I}J— R
| I :
H R-N-H
Primary aminc Secondary aminc Terllary amine
1or m mencl ines:- Amines are com-

monly named by adding the suffix amine to the name of alkyl radical.
In secondary and tertiary amines, the prefix di-or tri- is used before

the name of alkyl radical e.g.

() CHz;-NH, ~ Methyl amine
() C,HgNH, Ethyl amine
(i) CH;- NH Dimethyl amine
| _
CH, |
(ivv CH;- N- CHs “Trimethyl amine
|
CHs
M CH;- N- CHs Dimethyl ethyl amine
I
()  CoH NH, Phenyl amine
(Aniline)

Vi) C.H - N-H Di-phenyl amine

!
CoHs

CgHs
: l . ]
Wvitj) CeHg— N —CgHs Triphenyl amine

121

Scanned with CamScanner

Download Books Guides Notes & Tests at www talibilm com



R

www.talibilm.com

IV W F W 0 B¥ § N L} Il W W | WIVNW | W W Winkal 7 LIV Wy

IUPAC NOMENCLATURE OF PRIMARY AMINESi 1
In this system amine is named by replacing “—e” of the Parey

alkane with suflix-amine, €.g.
(i) CH;NH, Methanamine

(ii) CH, - CH, — NH, Ethanamine

The primary amines can also be named as amino (NH;) derivatiye
of alkanes. The location of the amino group on the cabon chaip i
indicated by a number to which it is attached e.g.

(i) CHyNH, Amino methane
(ii) CH, - CH,NH, Amino ethane

3 2 1
(i) CH; - CH, - CH,NH, 1- amino propane

3 2 1
(lv) CH; - (IZH -CH, 2- amino propane
NH,

LUP.A.C NAMES OF ORGANIC COMPOUNDS CONTAINING
FUNCTIONAL GROUPS

Ifa functional group is present then the final "e" from the na™

of hydrocarbons (Alkane, alkene or allyne) is dropped and the sufl¥
is added.

f
The table 6.4 explains the naming together with the names °
functional groups when they are used as suffixes or prefixes:

x 3
ABLE 6.4 g =
Functional group IUPAC name Name of th¢ ouf
with family as suffix functions! &
as prefix_—
i - [(i:"lc -ol hydl' oXy~
OHOLS) /
i _
Il
(i) -C-H -al 0X0—
(ALDEHYDES) /

122 :i
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tional group IUPAC name Name of the
mcfﬂ‘:nﬂygr as suffix functional group
as prefix
e
(iii) —C- ~one 0X0-
(KETONES)
1
(iv) -C-OH —oic acid carboxy-
(CARBOXYLIC ACIDS) ‘
0
(v) —g— OR alkyl —oate alkoxy carbonyl-
(ESTERS)
(vi) R-O-R’ alkkoxy-alkane | alkoxy-
(ETHERS)
(vii) —NH, - amine amino
(PRIMARY AMINE)
(viil) —X Haloalkanes halo-
(ALKYL HALIDES)
(ix) C=C - ene
(ALKENES)
x) c=C i }me
(ALKYNES)
123
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ASSIGNMENT

1. Define Organic chemistry and discuss its development as a separate branch
of chemistry,

2. Brietly describe the natural sources of Organic compounds.
3. What is meant by each of the following:
(2) Catenation (b) Homologous series (c) Isomerism

4. Name the following compounds according to IUPAC system:-
() (CH,),CH~CH,-CH,
(W) (CH,), C~ CH(CH,)- CH, - CH,
(i) CH, - (I:H - CH - CH,
C;Hg éH,

/CH;;

(iv) CpHg- EH ~ CH-CH

M (CH,), CH- (CH,), - CH(CH, ),
(M) CH;-CH=CH- CH,
(vil) CH, - ?H -CH =CH,

CHj

M) CH, - g = CH~- CH,
Hy

Hj
x) CH,-cH, - E= C -CH(CH,),
Hy
124
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® CH;= € -CH=CH-CH,
CH,

(xi) CHa-Cﬂz-cac—CHa
(i) (CH;),CH-CH;~C=CH
(i) CH, =CH-CH,-CsCH

(iv) CH;~ CH -C =C-CH,-CH,
Hj

CH,
|

(xv) CH=C-CH- C - CH,
|
C;Hp

B- Write the structural formulas of the followings:

W
(W)
(1L)
(iv)
V)
(wi)
(viy

3-mcthyl hexane

2,3- dimethyl pentane
2,3,4-trimethyl heptane
3-cthyl -2-mcthyl pentane
3-heptene
2-methyl-1-butene

1,3 -pentadiene

(v l-hexen-3-yne

()
6)

E

1,3-pentadiyne
4-hexen-1-yne
125
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CHAPTER |

CHEMISTRY OF
HYDROCARBONS

The compounds containing only carbon and hydrogen are called hydroc-

- arbons. On the basis of structure, the hydrocarbons are divided into two main
classesi.e Aliphatic and Aromatic — hydrocarbons.

7.1 OPEN CHAIN AND CLOSED CHAIN HYDROCARBONS

In aliphatic hydrocarbons, the carbon atoms are attached to another carbon
to form chains. These E:hams may be either open or closed (rings) chains. The
open chains on the basis of saturation of valence are classified as saturated and
unsaturated hydrocarbons.

(i) Saturated .— Th ; : ies

= The compounds in which all the valenc
of carbon atoms are fully satisfie : s

d by single bonds are called saturated hydroca”
bons. The examples of saturated hydrocarbons are alkanes.

Methane Ethane
(if) Unsatu J _ he
valencies of carbon atoms aTo o) = The compounds in which all t

 fully utilj
bons. Alkenes and alkynes are thzu(::cl:lznt:d’

car
are called unsaturated Y90
hydrocarbons. The examples of unsaturateq

Ples of unsaturated ope”
hydrocarbons are:

) C Hy C- &
i) C,H, or H) C=¢C (E

o
() C,H, or H-C*
Ethylene or ethene

Acetylene or ethyn®
126
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The hydrocarbons which contain closed chain of carbon atoms are called cyclic
hydrocarbons and examples are cyclo alkanes and cyclo alkenes

Cyclo —alkanes Cyclo—alkenes

AI'OIT!&EIC coTnpounds are benzene and its homologs. These compounds are
further divided into homonuclear and hetero — nuclear aromatic comnpounds.

Some Important Terms

Al_karﬁ_:u Alkanes are the open chain saturated hydrocarbons in which all
bonds are single covalent bonds. Each carbon atom s tetrahedrally surrounded
by hydrogen atoms and other carbon atoms. The names of alkanes end with
“—ane" and general formula is C.H,__, The structural formulas of few alkanes
are given below:

H H . H H H
, =
() H—C—H (i) H—C—C—H (i) H—C—C—C —H
l R3adl |- stpluiad]
H H H . H H H
Methane(CH, ) Ethane(C,H,) Propane(C H,)

In actual molecular structures, the carbon chains are not in straightlines
but they are three dimensional in nature.

Alkenes: — Alkenes are unsaturated open chain hydrocarbons in which two
€arbon atomis are connected by a double bond (Jc=C() . The names of alkenes
end with" _ene” and general formula is C,H,where n is a whole number which

:]s “qual to 2 or greater than 2. The structural formulas of few alkenes are given
elow: — '

H H LI
| | I Sealiein |
(i) C=—¢ (ii) H-—Cl—C::(I:
|
T v y
Ethene(C,H,) Propene(C,H,),

127
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(i) H—C—-C=C—C—H or H—-(ll——T""Cr—?
l l
H H H H H
2 —butene (C,H,) . 1-pbutene

Alkynes:— Alkynes are unsaturated open chain hydrocarbons in which two
carbon atoms are connected by a triple bond (—C C-). Thq names of
alkynes ‘end with "-yne"and general formula is CnH2n—2where n is a whole

number which is equal to 2 or greater than 2. The structural formulasof few
alkynes are given below. | :

H
i I! 2 1
() H—cC=C—H (ii) H—C—C=C—H
H
Ethyne(C,H,) 1 —propyne(C,H,)
T T TR
(iii) H—b——éEE-—-c‘-—-H H ‘l:‘ (I:; é__—:_d.--H
| | =)
B H H: . W
| 2—butyne 1— butyne (C,H,)
Cyclic-Hydrocarbons;— The ali ¢

=N ‘ d

; yclic aliphatic hydrocarbons are close
chain hydrocarbons. The cyclic hydrocarbons are namgd by prefixing the e
cyclo to the name of the corresponding open chain hydrocarbon. The 56"
formulais C_ H, .Wherenisa 3 :

whole no.which i ter thar”
The structural formulas of few cyclo alkanes are sg?\?euna:):acl}:w?i—grea |

, CH N =
R ’\ (i) l’ K e | l
CHz———--—-—-CH, C . I I
H, —— CH,
Cyclo-propane (C H,) Cyclo-butane(C H )
4 &8
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Aromatic—Hydrocarbons: — Aromatic hydrocarbons are special class of

cyclic compounds containing benzene ring. Benzene ring is a six—membered

ring of carbpn qtoms with alternate double bonds. Other aromatic hydrocarbons
are the derivatives of benzene.

|
C
==t \C —H
| o,
H— C\? /C —H \
H Benzene
7.2 CHEMISTRY OF METHANE

Methane is the first and simplest member of alkane family with molecular
formula CH,. It is the major constituent of natural gas which contains 94% ?f
Methane. In Pakistan natural gas occurs in the form of sui gas found at Sui In
Baluchistan. It is also found in the marshy places and stagnant pond and hence
named as Marsh gas.

Structure of Methane:~ Mecthanc is composed of onc Carb-»oP and four
hydrogen atoms i.c. CH,. Carbon of methanc is sp® hybridized containing four sp’
hybrid — orbitals. These four sp® hybrid orbitals are arranged in tetrahedral

fashion with an angle of 109.5° as given in figurc 7.1

Fig.7.1 Shape of sp’ hybridized C-atom.
109.5°

Four sp? hybrid orbitals of carbon over lap with four s

Obitals of four hydrogen atoms to form methane. It means the
Sltucture of methane is tctrahedral in which carbon is situated at
Centre ang hydrogen atoms are lylng at its four corners of a tetrahe-

'on as given in fig.7.2.

129
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/ H
H

Flg; 7.2 Structure of methane

rati

(1)From Sodium Acetate;— When anhydrous sodiumacetate is heated with

soda lime, it forms methane. Soda lime is quick lime shaked with concentrated
solution of sodium hydroxide.

CH, COONa,, + NaOH , ———= CH,  + Na,CO

4Lg) )

This is the most convenient method for the preparation of methane.

(2) By the reduction of methyl fodide:— Methyl iodide may be converted

into methane by various methods, some of them are given below:

(2) Reduction of Methyl Jodide With Nascent Hydrogen:— When
methyliodide is treated with nascent hydrogen [H], it produces methane.
The nascent hydrogen is obtained by the action of HCl with Zn.

CHI+ o) ZVHA oy jy |

(b) By Catalytic Reduetion of Methyl Jodide;— When methyliodide®

treated with H, in the presence of palladium catalyst, it prode®
methane.

CH,I + H: i — CH‘+ HI

(3) P Mﬁthyl mﬂﬂ'
nesium iodide on hydrolysis produces methane,

OH

CHy=Mg= | + H=OH —_ ¢}

+ Mg
N
130
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(i) Methane is a colourless, odourless and non - poisonous gas.

(i) It is slightly soluble in water i.c 100 mls of water dissolve only’S mis of

methane at 20°C. The low solubility in water is due to non = polar nature of
methane.

(iii) Methane molecule is symmetrical and non—polar,

(iv) Methane is lighter than air. When liquified, it is less denser than water.

Chemical propertics:- Methane Is relatively unreactive. It Is not
affected by aclds, basls and oxldizing agents such as potassium
permegnate and potasslum dichromate at ordinary conditions.
Important reactions of methane are halogination and combustion reactions.

(a) Halogenation Reaction:— The replacement of one or more hyd-

rogen atoms of methane with halogen atomis called halogenation and
it is an example of substitution reaction.The halogenation is carried ou,
when methane is treated with halogenin the presence of sun light, heat
as a catalyst.

For example when methane is treated with chlorine in presence of sun
light, the one hydrogen of methane is replaced by one chlorine and produce

following products.
CH, + I, — 28 cH,Ol + HCl
Chloromethane
3
CH:CI + CI’ ==l CH=CI: + HC‘
Dichloromethane
CH’Cl: + Cl’ > CHC’; + HCI
Tri chloro methane (Chlorolorm)
CHCl, + Cl, »CCl, + HCI
Tetra chloro methane
(Carbon tetra Chloride)

131
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f ion:— The mechanism of chlorination is free radicy)

: : hemical dissociation of chloripe
: reaction. The reaction starts by photoc : Y

:;I:;:éltlxlc into chlorine free radical (odd Ealcc;ron sifjci::f;sl)t?li?l;s:a%l(s ngtl;(;?]d
\ than C—H bond. The chlorine iree I . e
lr;:{::ukg and forms methyl free radical. This methyl fr ‘;ﬁ rad;ﬁgl éhen rt;]mo.
ves a chlorine atom from another chlorine molccg]e and or)mr ;: o s ::;at ane
and chlorine free radical. This chlorine free radical (atom) rep € seq.

uence. This is shown below:

hp o
Chlorine free radical
(i) CH, + :Cl » CH, + HCI
(i) dH, + Cl, ' ~ CH,CI + :Ck
Methyl
free radical

(b) Combustion Reaction:- When inethane burns in oxygen, it
produces carbon dioxide (CQ,)’, steam and lot of heat.

Combustion reaction is highly exothermic and a lot of heat is
given out. '

CH,. *20,, ~ CO,  +2H,0_ aH =-45.93 K.J/mole
=-2.85K.J/g of methane

Burning of methane takes place at high temperature i.e either by flame of e

spark. Once started, the reaction gives off heat, This heat is sufficient to maintai”
the high temperature and to permit burning to continue.

Uses of methane; — (i

) Methane is used as a domestj ) 1t is used i
the manufacture of metha mestic fuel (Il) |

nol, carbon black, polishes etc.

7.3 CHEMISTRY OF ETHANE

Ethane is th 1 5
e second member of alkane with molecular formula C,Hs l

occurs along with methane in natural gas a
ities. it i and gases from oil — very sm
quantities, it is also present in coal gas. 24 omoil —wells. In ry

132
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Structure of Ethane:— Ethane is composed of two carbon atoms and six
hydrogen atomsi.c C,H . Each C—atom of ethane is sp’ hybridized containing
four sp” hybrid orbitals. These four sp> hybrid orbitals are arranged in
tetrahedral fashion. Out of four sp’ hybrid orbitals of each C—atom, three
hybrid orbitals are utilized in the formation of sigma bonds with three hydrogen

~ atoms, where as remaining sp’ hybrid orbital of one C —atom overlaps with sp’
hybrid orbital of other carbon atom to form a sigma orbital between carbon atoms,
giving cthanc molccule, as shown in figure 7.3:

x

N
b

pn o

Fig. 7.3  Structure of ethane

ions of Ethane;

(1) From Ethyl Iodide: —

hydrogen produces ethane. In this co
zinc-copper couple and ethanol.

Ethyl iodide on the reduction with nascent
ndition,nascent hydrogen is obtained from

H, 0) Zn + 2[H] + Cu

Z +2C.H.oH —(C,
L 2 _, GH, +HI

C,H,I +2[H]
Nascent hydrogen

(2) By Waurtz Reaction;— When methyliodideis treated with sodium metal,

 Cthane is formed.
| ey
2CH,I + 2Na —t—> C,H, + 2Nal

In this reaction other products are also formed.

133
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(3) mgﬂmmm:hﬁﬂ:&mﬂ.&?fm Pure ethane may
be obtained by the hydrolysis of ethyl magnesium 1ocide.

OH
C,H, ~Mg-1+ H- OH — C,Hg +M9\I

(4) Catalytic Hydrogenation of Ethene:— When ethene is treated with
hydrogen in presence of nickel as catalyst at 300 °C, it forms
ethane.

CH s H —N G H
2 s 2 3000(: 26

Physical properties;:— Ethane is a colourless gas. It’s boiling point is
—89°C. It is sparingly sotuble in water but readily soluble in ethanol.

Chemical properties:— (i) It burns in air or oxygen with a non —luminous

flame to form carbon dioxide and water with the evolution of heat.

2C.H, + 70, ~ 4CO, + 6H,O + Heat

(if) Halogt?nat.ion: — It reacts with halogens in a similar manner to methane
to form substitution products. The resultant reaction products are, howeven
much more and these are firstly due to, the presence of six hydrogen atoms "

ethane instead of four in methane and : e
: : AT S€cC m 1S
ible at the dichlorination step. ondly because isomerism Is P

Cl, LG
W CH, -CH,CI ———I‘——-CH,-CHCI, + CICH,-CH,C

L1-dichloro 1.2 -dichlor0
ethane ethane

7.4 CHEMISTRY OF ETHENE (ETHYLENE C.H))
2774

It is the first member of alkenes with g is U
' » . G molecular formula C,H,- I o
saturated compound containing double bond between two carbon

134 I
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H
H\ r — 7 ) g )
(H/C = CXy )- It occurs in coal gas upto 9%. It is also produced during
the destructive distillation of coal.

i Structure of Ethene: It is the f?s& member of alkenes and is composed of two

atoms of carbon and four atoms of hydrogen 1. ¢ C,H,. Each carbon of cthene is
. sp*hybridized containing three sp? hybrid orbitals and one unhybridized p, atomic
| orbital. Three sp® hybrid orbitals are arranged in trigonal fashion with an angle of

. 120° where as p, is lying perpendicualr to the plane of sp*hybrid orbitals as shown
. infig. 7.4. .

2 N
sp P

Fig. 7.4 sp®-hybridized C-atom  sp? sp?

Out of three sp” hybrid orbitals, two orbitals of cach carbon-atom are utilized in
the formation of 2 o— bonds with two hydrogen — aloms, third sp3 hybridized
orbital of one carbon overlaps with sp’ hybridized orbital of second carbon and
forms sigma bond between two carbon-atoms. The remaining p, orbital of cach

carbon atom undergocs parallel overlapping with onc another and form sccond
bond between two carbon atoms and this is n— bond as given in figurc 7.5

. 1~ (a) By the Dehydration of Alcohols:— When ethanol is heated with
ONcentrateq H,SO, at 170°C, it produces ethene. The reaction is taking place

‘k 135
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thanol and sulphuric acid in ratio of 1:9 by

tages. On mixing ¢
one Iphate is formed in cold

volume. Ethyl hydrogen su

——»C,H,0-50,-OH,, +HO

+ H, SO, |
| Ethyl hydrogen sulphate

C‘z H5 OH 4 (aq)

(sq)
On heating ethyl hydrogen sulphate, it cEIccomposes into ethene

(aq) 2 4(e)

Heat |
C,H,—0-50,~OH,, — C,H,,, +H,S0,.,

- Actually the reaction is regarded as the dehydration of ethanol by hot
sulphuricacid, because the over all change is the removal of one water

molecule from ethanol.

Conc. HyS0 1
C,H,OH = .; L. CHN +HO,

(b) Ethanol may be converted to éthene by passing the vapours of ethanol
over catalyst just like Al,O,, H,PO,/AL,O,

CIHSOH y Allgi Vet CEHG + Hzo
350°C—360°C

250°C

» 1o 1§
2 By Dehydrohalogenation of Ethyl chloride:~ When ethyl ‘hlond;;!s |

treated with alcoholic Potassium hydroxide, it produces cthen¢ 05 |
reactlon s the example of elimination reaction in which hy drogvlu.
lost by one carbon atom anq chlorine from the other carbo? i

CH, ~CH, - Cl+ KOH —2B | (v _ | gop+ HO

Alcohol Ethene
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3. De i — dichloroethan di

When vicinal dichloroethane is treated with zine metal powder, it loses
one molecule of halogen and forms ethene.

CH —-CH. +Zn Heat = s
| 2 | 2 (dust) ~— CH2 = CH2 + Zn012

Cl= Cl

e 4B R d“‘fr n of Ethyne:  Ethyne on hydrogenation under limited con-
+ ditions using Ni as a catalyst, adds one molecule of hydrogen to form ethene.

H
H-C = C-H —2_» HC=CH
Ethyne N1/200:C Eihene ?

(i) It is a colourless gas with sweet smell.

(ii) It produces anaesthesia on inhalation

(iii) It is sparingly soluble in water but soluble in organic solvent just like
alcohol and ether.

(iv) It is less denser than air.

Chemical propertics

Carbon- Carbon double bond:- The characteristic reactign_s of
an alkene are due to the presence of double bond . The double bond

consists of a strong sigma bond and a weak n-bond, therefore reaction
would inyolve the breaking of n-bond. The typical reactions of the

double bond are of a sort:

A | |
- _C- C~- Addition reaction
)C = C(+AB — e

A B

In this reaction x bond is broken and two strong 8 bonds are
formed iy, its place. Areaction in which two molecules combine to yield
A single molecule as product is called addition reaction.
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In these reactions na-bond provides electron to the reagent that
is seeking electrons. These reagents are called clectrophilic reagents,
hence the reaction is called electrophilic addition reaction.

Addition Recactions:- ‘
(1) Addition of hydrogen (2) Addition of halogen (3) Addition of

hydrogen halides (4) Addition of sulphuric acid (5) Addition of
hypohalous acid. (6) Addition of water.

1-Addition of H, (Hydrogenation):- Ethene adds one molecule of
hydrogen to form ethane in the presence of nickel catalyst.

CH, = CH, + H,—M»¢c ;CH £H.

Ethene reacts rapidly and. completely with hydrogen at low
temperature and pressure in the presence of metal catalyst such as
nickel, platinum and palladium, For maximum catalytic effect, the
metal is usually obtained in a finely divided state. This is achieved for
platinum and palladium by reducing the metal oxide with hydrogen

An speclally active form of Raney nickel is prepared from 2
nickel- aluminium alloy; sodium hydroxide is added to dissolve the
aluminium and nickel remains as black or nickel catalysts can ¢
prepared by reducing metal salts with sodium hydroxide.

2- Addii ni— Ethene 5
1,2—dihalo ethane. The order adds one molecule of halogen and for™

of reactivity of th it ens 18
Cl,> }3r:>I; for example Cl, and Br; add at rf;om tee 2digon. of haﬁgiodinc
adds in the presence of ethanol, mperature where

L R
CH? r CH: + Cl, — %om l% CH:."‘C"
2

T
Cl Cl

138
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BRRSGH, + B, _Room empi CH,—CH,

l 5
Br Br

3- Addition of Hydrogen Halides:— Ethene adds one molecule of hvdrogen

helide and forms halo — ethane, the order of the reactivity is HI > HBr > HCL.
for example HCl and HBr react slowly than HI.

CH, = CH, + HCI ~ CH, — CH,

al Chloro ethane

4 - Addition of H2 SO4 :— Ethene reacts with cold conc: H,SO, (88%) and
forms ethyl — hydrogen sulphate.

0]

|
. CH,=CH, + H—0— ?—OH s ?Hz_ f”:
0 H 0SOo,H

This reaction is important because ethyl hydrogen sulphate on boiling with
Water yields ethyl alcohol.

CH,~CH, ~0SO,H + H,0 —= CH;-CH,-OH + F,50,
i id:— Ethene adds hypohalous acid and forms

a
“hane halo hygrin

5- b L
CH, = CH, + HO = X —— CHs — (Ha

OH X

hypep ¥Pohalousacids (HO—X), the OH™ group is the negative ends of
ous acjgs,
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Reaction with chlorine water and bromine waters=  Chlorine yq,
contalning HCl and HOCI, combines with ethene and forms a mixt,

of chlorocthanol (chlorohydrin) and chloroethane.

Cl, + H,0 - HCI +HOCI

. ah
CH, =CH, +HOCT = € Hz-gHa
OH |

o 8-
CH, =CH, + H-Cl — CH,.CH,CI

6 - Reaction with KMnO, := When ethene is added in dilute and 2lkaline

solution of KMnO, , ethene is oxidized to ethane 1 — 2 diol (ethylene glycal
and purple colour of KMnOj is decolourized.

CH, =CH, + H,0 + [0],———= CH, — CH,

From KMnQ, é H éH

Ethylene glycol

7 - Addition of water (Hydration):— Water adds with ethene under the

catalytic action of acid. Itisreversible reaction because dehydration (1058 of
water) is also acid catalyzed reaction.

HY :
CH, = CH, + H,0 ==—=> CH, — CH, or CH, —CH, =9

I I

H OH

& Formation of Mustard gas:- Ethene on treatment with 5“1911::;

monochloride forms mustard gaswhich | y po
s highly polsonous. It atts
especlally to skin. It was used in first World War,

CH, ~ -
2CH2 = CHQ + 82012 -—---——..._.._,S( Hz CH’ Cl + S

CH: o CH2 o Cl
B. B’ —dichloro di-ethyl sulphide (Mustard 335]

i
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:- Ethene polymames 'at'200'.c and

under 100 atmospheric pressure in the presence of traces of axygen

. to form polyethene,

n

Hy __/H 2000, 100 Atm, Pressure
H/C 53 C(H tracos of Og :["CHZ ~CH, -]n

Elhene Polycthene

Uses:—= Ethylene or ethene is used as anaesthetic and in the manufacture
of mustard gas Cl,(CH,~ CH, ), S, plasticeic. Itis also used for ripening of fruits.

7.5 CHEMISTRY OF ETHYNE (ACETYLENE)

It is the first member of alkynes with molecular formula C,H,. It is un-
saturated compound containing triple bond between two carbon atoms
(H-C=C-—H).

It is present in oil gas and coal gas upto 10%. Iuis commonly called as
acetylene,

. Each carbon atom in acetylene is atlached 1o one

o ole —bond ) and to another carbon
hydrogeniaiom by 8 single gyBe i %nhybrldized prbitals and two

_Thus each carbon uses Sp & :
::h?b?'{d?zgg,zl; ::l:}?als (p, andp, )10 form its pl —bonds (x bond). It is shown
% ]

in the figure 7.6 P
P, - 'Z'\p,

S s H

Fig. 7.6 Structure of ethyne

» Bonds

s have shown that acetylenc Is a linear
Stug_lf:-u bond angle is 180° The C-H bond

d length iIs 1.20°A.

Electron diffraction
structure. The H-C-C or
length is 1.09°A and C=C bon
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(1) From calcium carbide:— It is obtained by the action of cold water op

calcium carbide.
CaC, + 2H,0 Ca(OH), + C,H,
Ethyne
or
Ca
ZiN
C =C+ 2H,0 — Ca(OH), + HC = CH
Ethyne

(2) From dibromo ethane:— Dibromoethane on boiling with alcoholic
KOH produces acetylene.

Alcoholic

CH, — CH, + 2KOH ~ CH=CH + 2KBr + 2H,0
I I
Br Br

(1) I is a colourless gas with sweet smell.
(ii) It is sparingly soluble in water.
(iii) It is less denser than air.

(iv) Itexplodes on compression 1o a liquid because of unstable nature.
hemic¢al P : |

Addition Reactions

(1) Addi
e olccules
of H, in presence of catalyst, (Ni) at about 200° C to et&);nneea::c? :::nl?o ethan®

HC =CH -—1;;;"__) I CH =C Ha /N
H
Ethyne Ethenc R CH,—CH:

Ethane
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(2) Addition of Halogens: — Ethyne reacts with Cl, and Br, in the presence

of acatalysteven in dark and forms chloro and bromo derivatives. The reaction
rate is slower as compared to ethene. |

() CH=CH+Cl, ——— CH =CH

| <l
| Cl Cl

Cl cCl
LA ' I
(1) CH=CH +Cl,————= CH— CH

Cl Cl C! Cl

, Ethyne adds I, with difficulty but in the presence of ethanol, di —iodide is
ormed. :

CH == CH + I, tbanol

H——n

H = CH
I
I

| (3) Addition of Hydrogen Halides:— Ethyne adds one or two molecules of
\ hydrogen halides.

H Br

CH=CH + HBf—— CH=CH +HBr—* CH— CH

] el

H Br H Br
Vinyl bromide 1.1-Dibromo ethane

o vinyl bromide, takes place
that the negative part of HBr
he least number of hydrogen

a Th? addition of second molecule of HBr t
ccord‘“g to Markownikoff’s rule. This rule states

3ds with carbon of the compound which containst
aloms,

Ethyne combi . : - dide at room temperature, with hydrogen
: mbines with hydrogen 10d1d¢€ e
fomide at 109°C and tlhe r);actigon with hydrochloric acid is very slow.

|

|
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(4) Addition of HCN:— Ethyne adds l-!CN in t.hc presence of cupergy
chloride and NH, Cl to form acrylonitrile (Vinyl cyanide). :

NH,Cl
HC= CH + HON S2Se/ T, b o
CN H

Vinyl cyanide

Acrylonitrile is used in the manufacture of polymers.

(5) Addition of Water;— Ethyne reacts with water in presence of mercuric
sulphate and sulphuric acid at 75°C to produce unstable: intermediate vinyl
alcohol which on rearrangement forms ethanal (aldehyde).

! 0
HgSO, /H,SO CH,=CH | R t I
CH = CH+ H,0 9 .‘/ 22 [~ : earrangemcrl CH, —C—H
Dut OH Ethanal

Intermediate
vinyl alcohol

(6) Combustion of Ethyne:= The complete combustion of ethyne is ex

othermic and releases 312 KJ/mole heat. Due to evolution of this high amount

of heat, the oxyacetylene flame can attain a temperature upto'3000°C which
is used in gas weldings.

= ' 5
CHESS 9 2CO, + H,0 aH = —312KJ/moke

(7) Oxidation of Ethyne:— When ethyne is treated with hot aqueo”

I(MnO‘. two molecules of acid are formed.

CH=CH + H,0 + 3[0) KMnOQ,

Cold > 2HCOOH;
Formic acid
OH OH
KMn O | |
CH =CH + 4(0]) - B - L
Hot O=¢C C=0

Oxalic acid

144 !

Scanned with CamScanner

Download Books Guides Notes & Tests at www talibilm com



e

www.talibilm.com

IV W F A b L} L} LAY L A 4 RA AUER A A 4 L L atiillitel &)

Gubstitution Reaction or Acidility of Ethyne
Substitu®]

(1) Replacement by Na: — When acetylene is passed over heated sodium,
both the monosubstituted, and disubstituted acetylides are formed.

Na
e g o Na
HC=CH — CH = C.‘Na heat > NaC =CNa
Mono sodium - Di- sodium
acetylide | acetylide

Il di-sodium acetylide is treated with an acid, acetylene Is
reformed.

NaC = CNa + 2HCI — HC = CH + 2NaCl

(2) Replacement of Heavy Metals: — When acetylene is heated with AgNO,
orcuprous chloride in Ammonia cuprous acetylide orsilver acetylide is formed.

Ammonia

CH=CH + 2AgNO + AgC = CAg + 2HNO,
Silver acetylide

(White solid)

3 (aq)

CH=CH + 2cycl -Ammonia_cr, ~— c_cu + 2HCI
551 Copper acetylide
(Red solid)

In these reactions, acetylene shows acidic properties.

wh.uiﬁ:; Acetylene is used for the preparation of‘ oxyacetylene flame
,Orlch has atemperature of 3000°C. It is also used in welding purposes. It is used

= g{}e Preparation of acetalde hyde, acetic acid and ethanol for the manufacture
Cie Polyviny| chioride.

1
*BENZENE

l , ; : :
orgaﬂ_the €arly nineteenth century, when organic chemistry was still developing,

Complc COmpounds were classified as either aliphatic or aromatic. Aliphatic
Ounggs are open chain or acyclic compounds and were so named because

B
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- - of the fact that the first compounds of this class to be studied were fatty 54,
(Greek : aliphos = fat). Besides aliphatic compounds, large number of com..
pounds were obtained from:natural sources e.g. resins, balsams and “aroma:ic-:
oils from plants, whose structures at that time were unknown but had one thine
in corhmon, a pleasant smell and were thus classified as aromatic (Greek :aroma
= pleasant smell). Careful investigations of these compounds showed that they
contained a much higher percentage of carbon cantent than corresponding
aliphatic hydrocarbons and majority of simple aromatic compounds containeg
at least six carbon atoms. It was also discovered that when these compounds
were subjected to various treatment they often yielded benzene or its deriya.
tives. It was thus concluded that aromatic compounds were related to benzene

whose molecular formula was found to be C,H_. Benzene was first isolated

by Faraday in 1825 and was found 1o be one of the constituents of coal tar by
Hofmapnin 1845. Coaltar and petroleum are the two main sources of obtaining
benzene and its derivative on industrial and commercial scale.

Extraction of benzene (Isolation)
Benzenc is prepared Ly dillerent methods as under:

i m P leu -hexan T rmin C85):-

n-hexane on heating at 480-550°C and under pressure of 150-
300 pounds per square inchandinpresence of catalyst such as oxides
of chromium, molybdenum, vanadium forms benzenec.

This mcthod is based on dehydro
isomerization. ydrogenation, cyclisation and
; \
CH,- CH, P y CH:\
o /QHS 480-550°C/v,0, H12C CH,
CH,~ CH,-CH,  150-800Psi(Hy) H(I3 | "+ Hy,—
n-hexane : i =N ?Hz.
CH,
H Cyclohexane:
l
_C'}C\C-H
| I +3H2
g T
2
H;
Benzene

g
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CH,
; CH,- (CHys— CH, —20-550c
; n-heptane - 150-300 Pst v,05 +4H,
Toluene

CH3
-3 C 7:10 = @ CH
O— gy
Tolucne 2 7 4

Benzene

(iii) From Coal:- One thousand kilo
grams of biluminous—coal
heating in absence of air, gives 50 kg. of coal tar (along with coal ggg

and coke) which by further fractional di
kg. benzenc. | stillation produces 0.5 to 1.0

- .
Bituminous Coal sated In absence of slp ) ol tar (50Kg) %::.t,—'l—m‘-)Benzene

(1000 kg) (0.5-1.0 kg)

iv) From Acetylene:- Acetylenc on passing through red hot tube in

Presence of organo nickel catalyst, forms benzene by polymerization.

|
C
CD P
Il Organo-nickel ™ Il
“H

7
catalyst H-Cy . C-H
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{v) From phenol;- When vapours of phenol are passed over req gy
zinc dust then it is converted into benzene. As removal of oxygen taeg
place from phenol hence such process is called reduction of phepg|

O|H

@ +7Zn red hot i @ +Zn0
(dust)

Phenol Benzene

feri) Tenen andleans hansantar. Qadiinm henzoate on heating with

(6] PREPARAT

|

0ous

[ llh i i

KMnO, or with dilute acids,no reaction occurs. Where as unsaturated alip"®
hydrocarbons react. Benzene reacts with these reagents but under diffe"’’
conditions and undergoes substitution reactjon. Sugbsmmion reaction 18 :
most common kind of reaction of the aromatic ring i.e replacement of hyd™ J
by another atom or group of atoms. s
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For instance, benzene will react with 1, !
omine i

catalyst ferric bromide. The product obtained is brr;rl:l;elf: e i

which one hydrogen atom has been nzene,(C,H, Br)in ,

(i) C.H, + Br, FeBr,

CH,Br + HBr (Qbserved) -

iiy CH, + Br,—,
(i) C,H, I, C,HBr, + CBHGBr‘+CBHsBrs (Not observed)

Similarly, benzene (aromatic rings) undergoes chlorination, nitration, sul-

phonation and alkylation reactions to give chlorobenzene (CsH,Cl), nitroben-

zene (C;H,NO,), benzene sulphonic acid (C H SO.H
(CH,CH,) resp;ctivcly. i toluene.

f.‘h
C,H +C| —lronas _ L
H + 0, — e CH,Cl+ HOY

CH, + HNo, — 259 (" ¢ H,NO, + H,0

C,H, + H, SO, » C H,SO,H + H,0
AICI, 5
CH+ CH, - CI catalyst CoHCH,

All these are substitution products rather than the expected addition
ucts. Benzene thus behaves like a saturated hydrocarbon in spite of the fact ;
atitis g highly unsaturated compound. o

: There are two possible explanations for such behaviour. The first s that only
:"3 of the six hydrogens is reactive and the second is that all the six hydrogens
€ €quivaleny and replacing any one of them results in the same product,

« IR
Hy
bt

£
ottt
. 149 5
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- The second explanation appears t0 be more acceptable and as we will soqp,
learn to be the correct one.
To explain such unusual behaviour of benzene several structures were
proposed. Kekule in 1865 proposed a ring structure (I) for benzene wiiy
- alternate carbon —carbon double bonds.

H
I
25N
H— C C —H
—_ —H
|
H

According to Kekule, formula of benzene should give addition products. The
structure of benzene is equally represented by structures I and Il and that these
structures are equivalent and can result by shifting of double bond.

0—-0-9

The structure would amount to a structure some what similar to I1I above.
It would appear that the double bond is not fixed and that all C — C positions
have a partial double bond character.

The structure and bonding in benzene ring was debated for about 30 years-

One objection to Kekule formula was that it would give two disubstituté
(IV or V) ortho —products (in which the substituents are on adjacent carbons)
whereas in practice only one was isolated

X X
1
6 2 X Yﬁ : 2
or
5 3 5 3
4 : 4
v v
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In IV the substituents (X and Y) are on carbons containing a single bond
while in V the subsmugnts are on carbons containing a double bond. To explaih
why only one Qroduct is obtained, Kekule in 1872 forwarded his theory that the
carbon atoms in bcnzem.t were in a state of vibration and due to this vibration,
each carbon — carpon pair had a single bond half of the time and a double bond
the other half. This results in oscillation of double and single bond resulting in
form VI and VII.

-0 8

viii

Following the suggestion of Armstrong in 1887, Bayer in 1892 proposed the
Armstrong — Bayer centric formula VIII in which the fourth valence of each
carbon is directed towards the centre This, however, did not find much support.

7.7 THE MOLECULAR ORBITAL TREATMENT OF BENZENE

The fact that benzene molecule is a regular flat hexagon, with all the six
hydrogen atoms lying in the plane of the ring and that the bond angles of the
carbon atoms (C—C~—C) in the ring aqd carbon — carbon — hydrogen
(C—C—H) atoms are all 120°, strongly indicates that each carbon atom forms
ahybrid orbital by mixing of 2s and two 2p orbitals whlchl are called sp hyl;lnd
Orbital, The sp’ orbitals of adjacent carbon atoms overlap with each other

linearly (sp*—sp*) and form sigma bonds.

carbon atom forms another sign}a bond with l.s
Like this there are twelve sigma bonds, six
between carbon and hydrogen atoms. The
bon atom in the form of lobes. The
hared forming a x orbital. These x

: The third electron of each
rbital of hydrogen atom (sp” —$)-
fﬂween two carbon atoms and Six
Olfrlh electron of 2p! remains with the car

P, of the two adjac atoms are §
. o0 adjacent carbon ato0 _
orEnlals are parallil to each other. There aré SiX 2p: electrons one on each

151
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carbon atom. These six 2p electrons or orbitals on each carbon atoms are per. ‘
pendicular to the plane of the ring and parallel to each other as shown in figy,
1.7 (a).

S Flg. 7.7

& The electrons in these p—orbitals can be paired in two ways (as shown in
©" figure 7. 7 b,c) and since the carbon —carbon bond lengths are all 1.39 “A, each
~ orbital overlaps its neighbour equally and, therefore, all the six can be regarded
as forming a single molecular orbital (M O) embracing all the six carbon atoms
as shown in figure 7.7 d.

5 R ntation of Benzene Structure:— The molecular orbital
' 21 representation of benzene as shown in figure 7.7 a and d are useful for

“* understanding the high stability of the benzene ring but inconvenient for normal
.~ use. Two symbols are at present commonly used to represent the benzené
= molecule. These are: (1) A regular hexagonal with an inscribed circle and (2)A
“:7  hexagonal with alternate single and double bonds. These are shown in Figuré
7.8.

.
o

&5
: "___‘::f.&:‘._'

¢ =5

2 The first symbol is useful to describe the delocalisation of = electrons 1f _‘hc
£ aromatic system; while the second which is similar to Kekule structuré 1S
.~ simple and accurate way of representing the movement of electrons.

. - . - -lic
Reaction of Benzene: — The principal reactions of benzene are clcclfOPhl

’i"!; substitution reactions. However, under special conditions, benzene ““dcrgocs
’*L addition and oxidation reactions, '

Yo
.:'""{_

v

v . . : - 7. 7
B 1 i= 1f we look again at the figure el
+  a,dwe will observe that there is a cloud of =~ electrons above and beloW
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benzene molecule. It is these = —electrons that are responsible for
plane 0 ilic substitution reactions of benzene. In these lypcs.of reactions, an
cIcctrOPh-l,_ attacks the x —system of benzene toyielda delocalized carbocation
electOP : renium ion or a o—complex. The electrophile does this by taking
kaoB as:n_s of the-p—system to forma o— bond between it and one carbon of
Clc'mne ring. This breaks the cyclic system of n(Pi) electrons, because when -
i ion-is formed, one carbon (the carbon that Is attacked by the
'rcm;mhile)-becomes sp°— hybridized. This causes instability and to overcome
:;gti;sl:ability the arenium ion loses a proton from the carbon that blea;:s the
electrophile as shown below in step (1) and (2). 'Ihc loss of.p'rototr_x r;sur :: matrr:;
regeneration of the double bond which restores the stability ot the ring
formation of the substitution product.

Step | ~ Altack by electrophile and formation of o - complex.

' i +
e —— .
Q- +
H E H E H E
* e
- E - Arenlum lon
sp, hybridized or o - complex.

Step 2 Loss of proton, formation of substitution Product.

-—-—————" + H.
bt

Fig.7.9

Important electrophilic reactions of benzene are the following:

(i) Halogenation
(if) Nitration
(iii) Sulphonation

i iedel- s reaction

(iv) Alkylation and acylation by Friedel Craffs rcfa 5, oW
_ These reactions afc important since the substitution productst dey orm,
Used ag starting raw materials for a multitude of organic compounds.

153
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i— Inthe presence of Lewis acids cata]
benzene reacts with bromine and chlorine 1o yield bromobeny

Y . . -5 ' 4 . cnc an
chlorobenzene. lodination does not give good yield and fluorination is 100
vigorous to control.

FLCl, al
O AL ey o £HG

Flg. 7.10 Chlorobenzene (90%)
Halogenation
of benzene. “FeBr 5o .
@ + Bl': — + HBr
Bromobenzene (75%)
The function of the

: Lewis acid catalyst is to i Nt
positive halogen jon for Y provide an electrophile ic 2

transfer to the benzene ring. The formation it
halo, ¢ of positive
halogen ion is illustrated below using bromination gas. an example. g

:Br1 5 Br3 319
Ste Br Rre .o
e A B Fl“ B hr - l-!e B |+ B
l .0 (1]
3B - :Brs
or

B -
") FeBr, = FeBr, « BT

Step 2
O/*TB:? Slow_ @:‘f‘{
; +

: JH T—— @’ +H*
Bromo-
Step 4 Benzeng
F‘ B" ‘ H+ %
Fe Bry + HBr
F

9 y
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! : i= The nitration of benzene is carried out using a
mixture of concentrated HNO, and conc.H, SO, in the ratio 1:1. The function
of conc. H,SO, is toincrease the rate of reaction by increasing the concentration
of the electrophile — the nitronium ion, NO . The various steps of the
reactions are as follows: 2

Step 1. .
) b =
H-O-NO, + H—O-SO,H == H-O—NO, + HSO,
|
H
Step 2.
et LS + =
H- ?J NO, + HSO, = NO, + H,0 + HSO,
H
Step 3. -ﬁ o, NO, NO, + NO,
Slow i) R it H
+ +
Step 4.

N

2 NO,
OH + HS6‘_..E§.§1—-- @/ + H:SO"

Fig. 7.12 (Nitration of benzene)

(iii) Sulphonation of Benzene: — Fuming sulphuric acid at room tempera-

tre reacts with benzene to produce benzene sulphonic acid. Fuming sulphuric
acid contains sulphur trioxide (SO,) which is the sulphonating reagent.

SO, + H,80, ——= SO,H* +HSO]

Fuming

_ SOMH SO,H

= . Fp e e +H
Qe — OFE

HSO[+ H* —— H,S0,
Fig. 7.13 Sulphonation of benzene
155

Scanned with CamScanner

Download Books Guides Notes & Tests at www talibilm com




FPETENNENREElBAIMe T e T TV R e

www.talibilm.com
BB A A kA | it rn REEE )
(h,) 3 N L o i : 1 .- The lnerduc,
_) and acyl group (R-C=0),n the benzene ring i fen.

tion of the alkyl group (R : :
erally achieveii with the help of Lewis acid catalysts such as AlCly. The reaejy,

is known as Friedel — Crafts reaction after a French chemist, Friedel ang p,
American collaborator, Craft.

i : ' ing AlCl, as Lewis a¢;
Alkylation of benzene is affected by alkyl halide using ; acids
The mkzchanism of the reaction using isopropyl chloride as the alkyl halide i

illustrated below:

Step 1.
CH, LN e
/CH—CI +AICl, —— /CH‘ + AICI,
CH, CH,
Step 2. . H
+ CH: ICH’
+ C:H e CH
CH, \CH,
Step 3.

o A CH
gt - H(CH.)
CH\ + AIC, — CH(CH,),
. CH, , + HCl + AIC),

Fig. '
19.7.14 Friedel Crafts alkylation and acylation

Benzene
80°

0 0
@ + CH é'; AlC| P: CH
--c ——
3 | Te~—— @’ 3 + HC!

Acetophenone
97%

FI - 7!
8.715 Acylation of benzene
156
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— QL i= Under rigorous conditions benzene un-
dergoes addition reaction like hydrogenation and halogenation. In both cases

the aromatic character of the ring is lost and benzene is reduced successively 10
an unsaturated and saturated cyclic compounds.

Athigh temperature (150°C),

10 atm. ress di :
benzene yields cyclo hexane. pressure and in presence of Ni catalyst,

LN,

c
@ *3H, 10 atm O Or 'H|<| ;HH

Cn”
H” H

Fig. 7.16 Hydrogenation of benzene

. : :=— Under suitable conditions,
benzene will react with chlorine to give addition product — Hexa chloro
cyclohexane ,

Fig.7.17

- :— Benzene is not affected by common oxidizing
- reagent such as KMnO, or K,Cr, O,. It however, forms an ozonide with ozone
and may be oxidized to maleic anhydride under proper conditions.

- CH=0
O +20,—— Ozonide o LA emliT l
: CH=0
Fig. 7.18
Oxidation of ﬁ'
' V.0, AN O +4H,0 +4CO
2 +90, —j‘o—ag-é—* - I s T ANt 2
H-C~C
Il
(o)
157
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: —G) undergoes electrophilic
When monosubstituted benzene (CgH, _ ate
tack, the substituent (G) already present on the ring affects both the rate ¢

the reaction and site of the attack. The numbering of the ring of substituted bey.
zene is shown below:

G
1 Ortho positions 2,6
¢ . Para positions 4
iy 4 5 Meta - positions <3,5

Activating and Deactivating Groups:- Substituent group can be classified
into two main groups according to their influence on the reactivity of the ring
Groups that cause the ring to be more reactive than benzene, are termed
activating groups. Those groups that make the ring less reactive are called
deactivating groups.

rth

ra Directors and Meta Directors:— The substituent G, also in-
fluences or directs the position where the second substituent or the incoming
group will attack the ring. Some substituents direct the attack at ortho (Position
2,6) and para (Position 4) sites on the ring. These groups are called ortho-pa?
directors. i

Groups which tend o direct

9% the second substituent to meta—positior
(positions 3,5) are called i

It is useful and convincing to remember the following classification of ¢
substituent gn;loups into three different classes with regard 1o whether they “
activating or deactivating and whether the irecti meta~

: X are: ing or
directing Yy are-ortho, para directing

() Ortho, para — directing and activating,

(ii) Ortho, para — directing and deactivating
(iii) Meta — directing and deactivating

—

. .v
activate the benzene ring and direct the

: — The following g?:np;
para positions:

next incoming substituent 10 ort
Alkyl (R); NH,, NR, and NHCO

oH
R (i, : i : midC}'
and OR (i.e hydroxy and alkoxy). (i.e amino, alkylamino and
158 1
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r —aclivating groups;— The halogens: F,

Cl, Brand [ are moderate de — activating groups and direct the incoming groups

to ortho — para position.

T : ing groups:— The following are in-
cluded in this group NO, (nitro); SO;H (Sulphonic acid) and all carbonyl
compounds: COOH, COOR, CHO and COR (carboxylic acids, esters, al-
dehydes and ketones).

. Preparation of Benzene Derivative;— The knowledge of substitution reac-
tions of aromatic rings and the nature of substitution already present on the ring
together, provides a chemist a very powerful tool to synthesize a large number
of benzene derivatives. Part of the art of synthesis lies in deciding the order in
which reactions should be carried out. Suppose we wish to make m —Nitroben-
zoic acid starting from toluene. We will follow the following route.

CHETES COOH COOH

KMnO, HNO,
Oxidation H,SO, NO,

Toluene Benzoic acid m-Nitrobenzoic acid

Fig. 7.20 Preparation of benzene derivative

If we wish to make ortho or.para—nitrobenzoic acid, we will simply reverse
the order of reaction; thus: —

CH, OOH
NO, KMnO, NO,

CH, TR

OH / HO;
—;?%%_.. CH, COOH

i KMnO,

T 5H/H,0*
NO, NO2
Fig. 7.21
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ASSIGNMENT

1. Name the following by I.U.P. A .C system:

3
: e
]| b R
CH; CH,

CH,
. I
(ii) H,C—-CH,—-(i‘. — CH, — CH, — CH,

CH,

CH

|
() He—C=cH—cy,

CH
2
Il
CH
3 2 CH — C|-'2 = CH’ — CH'

(V) HC == —_CH(CH')’

(vi) c':H' ?H'
3 - CE Ci—r
| f CH,
H.
CHa

2. Give the structural formy]as of:
(i) 2,2,3,3-tetramcthyl Pentane

(ii liz-d. -
& ) ibromo 2—methy] Propane.
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(iii) Diethyl Acetylene
(iv) 3— bromo — 4 — methyl —3 — hexene
(v) 3,3 dimethyl — 1 —butyne
(vi) 1—chloro —2—methyl -2 —butene.
(vii) 3—ethyl — 1—heptyne
3. (a) Derive the structure of all isomers of pentane (C,H,,) and name
them by the LU.P.A.C, system.

gb) Wn:tc the structural formulas for the five isomeric hexanes and three
isomeric pentynes and name them by LU.P.A C system.

4. Write electronic structures for the following simple organic molecules
(i) Acetone
(if)Phenyl magnesium bromide
(iii) Silver acetylide
(iv) Nitro ethane.

5. What alkyl halide would yield each of the following pure alkenes upon
dehydrohalogenation by strong base. -

(2) 1— pentene, (b) 2—pentene.
(c) 2— methyl — 1 —butene. (d) 2—methyl —2—butene
(¢) 1—butene
6. Describe simple chemical tests that would distinguish between:
(2) An alkene and an alkane
(b) An “alkene and an alkyne
(¢) An alkane and an alkyl — halide

1. Which alkane may be obtained by the reduction of:

(@) 2~ brome propane
(b)Sec — butyl bromide
(€) Isopropyl bromide
. 161
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8. Write equations for the formation of hydrocarbon by the action of Na mey
on:

(i) Ethyl chloride
(if) 2— bromo butane
(iii) Methyl iodide

9. A hydrocarbon, C, H, absorbs two moles of hydrogen in the presence of
platinum as a catalyst. The reduction product 1s 1nert towards bromine and
potassium permanganate. Draw possible structures for C H,. What further
information is necessary in order to establish the identity of the hydrocarbon?

10. What are the principal sources of benzene and its homologucs?

11. Draw the structures of the following compounds:

() Benzene (iv) Nitrobenzene

(i) Toluene (v) P— bromobenzoic acid

(iii) Ethyl benzene (vi) O —dichlorobenzene

7. (2) What do you understand

) b lhcl L 0 T wi”uou
explain the stability of benz y the term "Aromaticity" and how will

_ Cne molecule?
(b) Draw resonance Structures for benzene

13. What would be the maj
each of the following coajor monochloro product (or products) formed WM

chloride? mpounds react with chlorine in presence of B
(i) Ethyl benzene, C,H,CH CH
s ' L | 3
(i1) Tnﬂuommcthyl benzene, C H CF
(iii) Methyl b o
y! benzoate, C‘H,COOCHJ

14, i
Staru.ng from benzene how will you prepare the following:
(l) Acetophenone
(.1.1.) M-nitrotoluene
(i) p-nitrobenge;, acid

162 i
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ALKYL HALIDES

Pposed to be derived from alkanes by replacing a

hydrogen atom with a halogen atom. Their general formula js C,H;,+1X or

simply R-X, where R repres
Cl, Brorl.
-H
RH X RX

ents an alkyl group and X, any halogen atom like

8.1 CLASSIFICATION OF ALKYL HALIDES

Alkyl halides are classificd as primary (1°),Secondary (2°) and Tertiary (3%),
depending on the kind of carbon atom that bears the halogen (x) atom.

Primary
H carbon

L/

R=——X

H

Primary (1%)
alkyl halide

€.g.chloroethane
or
cthylchloride

CH, CH, CI

k

Second
S

17

Re=—C/=X

H

Secondary (2°)
alkyl halide

e.g. 2-chloropropane
or
sec-propyl chloride

i
CH 3 =T CH

|

a

Tertiary
R ¢arbon

[l

R—C—X

R

Tertiary (3°)
alkyl halide

€.g 2-chloro-2-methyl
propane
or
Ter-butyl] chloride
CH,

H,C—C —Q

I

CH,
163
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8.2 NOMENCLATURE

Common names of alky! halide

alkyl group to which the halogen (x) is at

the halide ion (Chloride,bromide

According

haloalkanes. The substituents are in
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obtained by first writing the name of th,
1ached and then writing the name of

or iodide). For secondary and tertiary alky|
halides, prefix Sec~ and Ter-are respectively used.

tothe I.U.P.A.C.system, these compounds are named ag
dicated by numbers of the carbon atoms 1

which they are attached and the halogen bearing carbon is given the lowest

possible number. For example:

Structural formula

Common name

I.U.P.A.C name

(i) CH,CI

Methy! chloride

Chloremelhanc

(“] CH;,CH:B!‘

Ethy! bromlide

Bromoethane (19)

Propy! lodide

1-lodopropanc (1°)

H
|
(iv) °CH, ~ *C -'CH,
l
Br
or
(CH;), CH-Br

Isopropyl bromlide
N\ or

sccondary propy!

{bromide

2-bronio propanc(2’l

(v) “CH;~>CH,=*CH,-ICH, - |

1-bulyl lodide

———

1-lodobutane (1°)
___--—-""""

Cl
I
(vi) ‘CHJ'—GCHQ - 2CH -'CH, | Secondary bulyl- 2-chlorobulane(2’
chioricle g
CH,
|
vii aCH“" ‘c "ICHa Terllary bulyl- 2-bromo-2-mcihyl'
' bromide propanc
164 = |
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Preparations:—

(1) Ecom Alcohols:= The —OH group of alcohols (R-OH) can be replaced

by halogen atom, by the reaction of alcohols with halogen acids (HX i
reagents like PCIi' PBrz : PClo' SOC'g (thionyl chloridfjetc. Vi & v

(i) CH;-CH,-OH + HBr —CH,-CH,-Br + H,0
Ethyl bromide

4 Lo e S
(i) CH,-CH,~CH,-OH +50C1, Y0 &y _Ch _CH, 01450, +HCL

Primary Propyl Propyl chloride .

alcohol or
1-chloropropane

CH CH,

(iif) CH,— C—OH + HCI ———= CHy;—C—ClI + H,0

CH, CH,
Tertiary buty] Ter-butyl chloride
alcohol

(2) From Alkenes:— Alkenes react with halogen acids(HX)to give an alkyl
halides. '

3 2 1 3 y LR
CH,—CH== CH, +HCl — CH, — (IIH — CH,
Propene ci
2—chloropropane

(3) From Alkanes:— Alkyl halides éan also be obtained by halogenation of
alkanes, -

RH__ %2 _ RX+HX

CH, + Cl, + CH,Cl + HC

165
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8.3 REACTIONS
Alkyl halides are highly reactive compound.s and s..how a \.raricty Of reactiopg
however, only the following two types of reactions will be discussed here;
(i) Nucleophilic Substitution Reactions ( S~ reactions)

(ii) Formation of Grignard Reagent and its applications.
(iii) Elimination Reactions.

(i) Nucleophilic Substitution Reactions_ (S reaction: where S stands for

substitution and N for Nucleophilic).

In these reactions a nucleophilic (Nu™) an electronegative ion substitutes
the halogen atom of the alky] halide:

H H
N + R—C—X = R-—C—Nu + X
| L _ !I-l Leaving Nucleophile
Attacking  Substrate
Nucleophile

Leaving group

0)

Nu = OH, OR, SH, CN, NH,, NH,, R-C -0 et

The reactivity of ihe alkyl halides is due to the polarity of C - X bond. Sincs

the i .
halogen atom is more electronegative than carbon atom, it develops 2 sim

positive charge, i.e, it will be o
L electr i air 0
electrons from a nucleophilic ophilic in nature and can accept 3 P2,

' : cagent (Nu”) to f _nucleo
bond, while the halide i g orm a new carbon-1 2
bond. ide ion leaves with the electrop pair of the Carbon-halog®

The reagent Nu™, is called an . : ;
R-CH,-X, is the substrate an 1y ¢ acking nucleophile, the alkyl halide

d SSiSOpILs h
is called the leaving group. X" (the halide ion, which is also a nucleo?
Following examples show how be

: differe : nds ¢4”
obtained as a result of nucleophil; it types of organic compot

¢ substitution reaction of alkyl halid®®

166

Scanned with CamScanner

Download Books Guides Notes & Tests at www talibilm com



IV W L b

www.talibilm.com

AL A A AR 4 RL AUER A 4 4 LI athillital 4

OH
OR
SH
~
RX CN '
—
NH, =
N, -
0
1
R=C=0

ROH

ROR
RSH
RCN
RNH

RNH

2

2

o)

I
R—-C-OR

Alcohols

Ethers

Thioalcohols or Mercaptans
Cyanides or Nitriles
Primary amines

Primary amines

Esters

To be an effective nucleophile in a nucleophilic substitution reaction, the
nucleophile should be a stronger base than the leaving group. For example OH™
displaces weaker base CI~, but the reverse is not true (CI” will not displace OH" ).
Afewnucleophiles that are stronger bases than the halide ionsare listed in table

8.1
Table 8.1 Some Nucleophiles that can displace X from RX

5] Nucleophile Typical Reagent -
s OH NaOH

s OR C,H,ONa
RS SH KSH

—= CN NaCN
Rt o NH, NaNH,
. 0O cn)

I
e R—(I:..(j CH, -C—pNa
167
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8.4 MECHANISM OF NUCLEOPHILIC SUBSTITUTION
REACTIONS

The nucleophilic substitution reactions may proceed b

; ; Y two (g
mechanisms and are accordingly classified as: Wleren,

o]

- [®] oseserssss

Emnvm

(1) SN? Reaction (It occurs in one step)

(2) SN' Reaction (It ocecurs in two stcbs)

(1) Mechanism of SN? Reaction:= In SN reaction, the formation of the
carbon nucleophx!e bond and the cleavage of the carbon-halogen bond ocay
simultaneously. Since the nucleophile enters as the halide leaves, it attacks
carbon from the side opposite to that from which the halide is leaving:

B

5N\ g2

Nu L X LT c sesse

I
H

é!-
X slow

T
——/ =3 R NU"""C_H +i

L

Transition state
gDotted lines indicate bonds that
are being formed and broken simultaneously)

As the bond

aki . A A
L making and bond breaking processes oceur simultaneous!

g or Slow Step” of the reaction, i.¢ it dmrm“}:is?'
termin: Such areaction in which two molecules pert s
mml:mg. step is called a bimolecular reaction. This mech® pillé
€chanism , which stands for substitution .NUCW v

i n
TT_\: transition state drawing (shown above) is an llustrat®
at1s happening,

inthe rate de
called SN2
bimolecular,
visualize, wh
Th in ¥
aum:kiﬁnmle o .SN2 reaction depends on the concentrations of 10
& nucleophile (Nu™) and the alkyl halide (RX).

(2)Mecha
firststep the
With positive

168

C-X bond splits reversibly

Y [Rx] [Nu)

nism Of SN'Rtncllon:— SN'reaction occurs in W

10 give a positively chs

c L3
harge on a carbon atom are known as carbonium

rge
jon) &"

o 5t¢

dion

In w
p* 4
5p¢
d(a b’”d‘

o
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ion. In the second step the attacking nucleophile reacts with the positively
charged ion (Carbonium ion) to give the final product:

Slow + -
R-X s=——= R + X (First Step)

(Carbonium ion)

Pf + N Fast

>R - Nu (Second Step)

Thefirst step is slowand hence rate determi ning. Therefore insuchreactions
the rate of formation of the product will depend on the first step and since in
this step only one molecule participates, it is said to be unimolecular. This
mechanism is known as SN!mechanism, where 1 stands for unimolecular. The
rate of an SN reaction depends only on the concentration of the substrate (RX)
and is independent of the concentration of attacking nucleophile.

Yo [Rx]

The stability of the various types of carbonium ions which may be formed
during SN reaction is as under:

+ + +
R,€ #>siR CHI@! “¥RCH; > CH,
Tertiary(3°)  Secondary (2°) Primary(1°) Methyl radical

Stability decreases ol

3°%-alkyl halides, therefore, generally react by SN! mcchan.ismzand 15 alkyl
halides by SN2 mechanism, 2° alkyl halides may react by SN 'or SN*mechanism
depending on the nature of solvent in which the reaction is carried out. Polar
solvents help ionization, so they favour SN ! mechanism, whereas non—polar

solvents favour SN2 mechanism.

Alkyl R,CX R,CHX RCHX CHKX
halides 30 29 1°

Mechanism SN’ Mixed SN? SN?

generally SN! and SN*

observed -

.. 5
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Formation of Grignard's Reagents:~ Alkyl halides react with magpyy;,
metal in anhydrous ether to give alkyl magnesium halides or Grignard's reap,,

Anhydrous
CH,l + Mg Ether —» CH, Mgl Methyl Magnesium lodide

Anhydrous

Reactions of Grignard reagent are explained on the basis that Carbon -
Magnesium bond is polarized due to the electrophilic nature of the metal. Ass
result the carbon atom bonded to magnesium bears a partial negative charge

6~ 4°
R-Mg-X

and hence behaves as a nucleophile, i.e. it will react with electrophilic
reagents 1o rnake. new bond. This makes Grignard Reagents as one of the
‘I:Lnrgo:-:;ﬁsyntgcncrcaseng,i.e. theycanbe used to prepare avarietyol organic
pounds. Some reactions and important i f Gr
¢ reagents are given below: P applications of Grignard
|

1. Hydrolysis of Grignard’s reagent (Formation of jl_lfj'ff,),
Grignard's reagent on hydrolysis gives alkane.
M g/ RC:-:?-; I5) P
\ ~OH——m—7mF 4 R-H+M
X 8\ ot

Waler Alkane
‘ shanté

For examc Iph:.- Methyl magnesium lodidc on nydrolysis gives e

_l-

+d / J Y | i

Mg~ +H-OH— oy o (OF

Water \

Methane |

170 ‘

Scanned with CamScanner

Download Books Guides Notes & Tests at www talibilm com




WWW. talibilm.com

Wikt WS W 0 Ed N AL AR 4L AUER 4 A 4 L LRV alhilitel &)

Icohol (F ion lkane):- Alcohol reacts

with Gde forms alkane.
-8 48 -5 44 ’
R-Mg-X+R’>0-H >R - I-I+Mg/OR
'\.——/ Alkane X

For example: Ethyl magnesium chloride reacts with methyl alcohol
and gives ethanc.

' +6/03Hm6 OCH |
i Mg +CH;OH » Cy;Hg + Mg/ 5

\\1"/ \ci
C Methyl alcohol Ethane

formcdby the actlo 1 0f ammonla wlh Grignard S reagcnt

s JR-8 - NH,
Mg, = +H-NH, yR=H +Mg{
\y \x
Ammonia Alkane

For example: Ammonia reacts with propyl magnesium bromide and
forms propane.

CH’ i CHz = CHa /NH2
—CH, - CH; - CHg + Mg\
Br.. Propane

CHy - Mg_ 14 CH, - NH,
®Slum jog5r Methylamine

17
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5, Reaction 1kyl halide (Formation of alkane):- Al

dnes
l'ormed by reation of alkyl halide with Grignard's reagent, arg
-8 . #8 +5 -8
R-—Mg-X+R—X }R—R.}.ngz
T Alkane
For example:
Czﬂ‘a Mg - Cl + CH,Cl »C,Hg -~ CH, + MgCl,
Elhyl 1 Methyl
Clllgﬂ(?;agnes o chcig de Pmpane

Grlgnard s reagent reacts with carbon dio:dde and forms additlon
product which on hydrolysis in acidic medium gives carboxylic acid

0O e i = 0
==y H-OH OH
R- Mg X+0= C 0 —» R-C-OMgX ———» R- C OH+MBJ
dil HCI
Carboxylic acid
For example:-
0
CHg IEEE T St
Mg/ +0=C=0——» CH,-C -OMgI_ﬂ, CH,- G- 0H+Mg<
Methyl Carbon dioxide Acetic Acld
! esium
e

Fo al 5 aldehyde (Formation of prin
rm dchyde reacts with Grignard's reagent followed by hY
In acidic medium and thus gives p

rimary (1°) alcohol .
+3 R +8 -3 []I Qj
i Y e SRR C—OMgX HoOF, R-C-OHMéy
H \_) dil HCI |
H
F ormaldehyde H alcohol
For example; ‘ Primary
| ot
CHj H [
Mg/ M\
4 Br +H- (|3 0-—-——__.._,(:11:' cI:"OMgB H*S_oH-8 CH, - CHE H’f i
H H* Ethyl alcoho! |
172 i
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e MMHICE tNan iormaldcechyde [(Form:s S
i= Grignard's reagent reacts with aldehyde
other than formaldehyde In acidic medium and thus forms secondary
alcohol.

' R R
R-Cm*-Mg"-x——-qR-c':-éﬁgx 0 ,R-C- 0H+Mg/OH
ol Sl o | I \x
H H H
Scc.alcobol
For example:
CHJ CH:
W PR ot s 1116 ' /‘OH
CH;-? =0"" +CH;~ Mg- Cl———CH; - ('1 - OMgCl—2——CH, - Cll -OH*MS\CI
H H H
Acelaldchyde Isopropyl alcohol

tswlth Gd_'s reagent in acidic medium forming tertiary (3°)
alcohol.

R R

| - 4 s I H
R*-Mg"-X+R- Ef -R—-———»R-c-ordgx—-"-'-m%'"-—m-tl:-om Mg{;

I

|
\_/ (03 R R

alcohol
Kelone Tertlary alcoho

For example;

CH
‘ ?H’ ?H, R Y i /
CHy' - Mg-14CH,-  C 30-:__40H,-(i -OMgl-—ﬁ,——iCH,—(I) -omug\l

CHs CH,
Ter: bulyl alcohol

.. Elimination reactions are those reac-

Uons whycr, involve the removal of two atoms or groups {rom adjacent
on atoms of the molecule to form a multiple bond.

N N
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When alkyl halide is heated with alcoholic potash, a molegy
ofhalogen acld (HX) is climinated to form alkenc (dchydrohalogenatltm)E
e.g, ethyl chloride gives ethcne. :

CH, - CH,Cl + KOH »CH, = CH, +KCl + H,0
Alcohollc Ethene
Explanation:- Consider an alkyl halide having two or more thap two

carbon atoms. The carbon atom bonded to the halogen atom dlrecuy
is called a- carbon and the carbon atom adjacent to a—carbon atom

is some time called as f-carbon atom and so on as shown below:

A 1
R-C’-cP-c*-X R—C*’—CL‘—C*"-X“
R e 1 | I
H H H H H* H

B-hydrogen
The hydrogen atom attached to -carbon is called -hydrogen.
It is slightly acidic in nature due to high electronegativity of helogen

atom when a base is allowed to react with alkyl halide containing f-
hydrogen . The elimination reaction can proceed as:

H*Y H
/'—) I |

= g 7N

B+R-— ﬁ? -aﬁz*‘ -X- »R-C =C-H+HB+X
H H Ill ll.[

Base Alkyl halide

Thus due to the attack S age

of base (nucleophile) (i) removal of /-
ogen atom as halide jon (X ) and (@
etween o-carbon and f-carbon tak®

hydrogen, (li) removal of hal
formation of double bond b
place simultaneously.

MECHANISM OF ELIMINATION REACTION:
According to Hughes and In

tion between alkyl halide and stro
namely:

(i) Bimolecular elimination (E2) reaction and

174 ‘
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(i) Unimolecular eliminaion (E)) reaction

i ular climination (E,) reaction:-

Elimination reactions in which substrate (alkyl habide) and
attacking nucleophile or base such as OHare involvd in rate determin-
ing step are called bimolecular elimination or E, reaction.

Reactions of primary alkyl halides are generally E; reactions
which occur through transition state.

) i H H
H*? / oty /
OH + R —C-C*.X—_Sow , R_Eicm...x-a____,n\c=c<ﬂ
HEZ e 2N u/ H
H H H
Primary alkyl halide TranslUon slale Alkene
+H,0+ X~

It is onc step reaction and therefore, is a rate determining step. On

applying law of mass action, we can write :
Rate of reaction= K[R- CH, - CH;X][OH"] where K is the

specific rate constant and [ ] denotes the concentraiqn of species in

moles/dm3,
Such reations in which rate of reation depends on the

oncentration of two molecules are called bimolecular elimination or E,
reacions.

UNIMOLECULAR ELIMINATION (E;) REACTION.
Elimination reactions in which only substrate is involved in rate
determining step are ealled Unimolecular elimination or E, reactions.

Reactions of tertiary alkyl halides are E; reactions which occur in two

Steps; :
jon:- In this step the tertiary

alky] halide ionises slowly and reversibly to give carbonium fon (RY)
and halide {on (X)),

I = Slow H. — & / X~
CH,

Tertlary alky! halide Terllary carbonium lon

175
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ii) Second step-Formation of doubl D_M%lﬂa_e];: In this step
the attacking base (OH™) removes a proton (H") from the B-carbgy
atom with the simultaneous formation of double bond betweey, .

carbon and f-carbon (alkene). This is a fast reaction,

H*®  CHj H Ak
OH +H- }.’:—\- +C( e ‘(\3 = (/3 +H,0
| }{ \CH3 H/ \CH3
Alkene

The first step is slow and therefore, is rate determining step. On
applying law of mass action, we can write,

R =K[(CH;),C- X]

As the rate of reaction depends on the concentration of only one

molecule i.e substrate hence it is unimolecular elimination (E)
reaction.

Secondary alkyl halides give both E, and E, reactions but that depend

on the nature of solvent. For E, reaction the solvent should be non-
polar where as E, reaction requires polar solvent.

ASSIGNMENT

1. Outline the structure of each of the following compounds:
(a) Isobutyliodide = (b) l—chloro—Z—met.hylpentanc

(¢) 2-bromo-3-methylbutane (d) 1-iodo—4-methylheptane

(e) 2—chloro—2 — methylbutane (f) Ter-butyliodide

2. Name the following by LUP.AC. system: '

CH

CH lidy
(a) ,i:i-CH.—CH,-CH, (b) Br-CH,~CH-CH,-CH,

e
(c) (CH, ), CH-CH, -1 (d) CH, —C

: ~C o
H,-C-CH,~CH, -CH,~CH,

176 Br
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3, Classify the following alkyl halides as 1°,2% or 3%
|
(a) (CH,), CH-CH,CI (b) (CH,~CH, ), CBr (c) CH,-CH-CH,

4. Outline the structures of the isomeric

CHC alkyl halides with molecular formula.
: :

5. Explain the following terms:

(i) SN”Reactions (ii) SN' Reactions
6. Give equations for the following reactions:

(a) 2- iodohexane with sodium methoxide

(b) 1-chlorobutane with sodium ethoxide

(c) Ter-butyl chloride with sodium cyanide

(d) 1- bromopropane with potassium hydrogen sulphide

(¢) Ethyl magnesium iodide with formaldehyde

(f) Isopropyl magnesium bromidé with water

(8) Methyl magnesium iodide with carbondioxide

(h) 1~iodo-butane and magnesium in presence of anhydrons ether.

1. Outline stepwise reaction mechanism for the following reactions:
(2) SN” reaction between bromomethane and NaOH
(b) SN' reaction between 2— chloro—2-methylpropane and NaCN.

8. Name the following compounds by L.U.P.A.C. system:
(i) (CH,),.CBr.CH, (ii) (CH,),HC.CC], °
(iif) CH,~CH-CH_Br (iv) (CH,),.CII:H;
} Br

9 G :
Give (e structure and name of the chief organic product expecled from the

ton of j, butyl bromide with aq. KOH?
177
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CHAPTER 9

CARBON COMPOUNDS WITH
OXYGEN CONTAINING
FUNCTIONAL GROUPS

A list of compounds with oxygen containing functional groups is as under:
(i) Alcohols
(i) Phenols

(iii) Ethers (R-O-R)

} Hydroxyl groﬁp (- OH)

: R\
(iv) Aldehydes ( C= 0)
H/

R\
(v) Ketones ( C= 0)
R/

(vi) Carboxylic acids (R-COOH) and
(vii) Esters (R-COO-R)

In this'chapter, the classification and Gl i
| T, the cl nomenclature of each of the 2
of compounds will be discussed along with uses of typical members-

9.1 ALCOHOLS

: ho!

Aliphatic compounds containin - hedt0d o

: , g hydroxyl group (-OH) attac dro¥

atomare called alcoRols. They are classiﬁccﬁccog rdIi)n(g to the number szz 40"
groups present in the compound. Monohydric alcohols contain 07 ™

178 I
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up; dihYdﬂC [tWO OH_], trlhydric (threC OH"‘]‘
four or more hydroxyl groups, they

Monohydric alcohols: CH OH |
- Methyl aleohol  Eihyl aleshot
Dihydric alcohols :

 Trihydric alcohols : HOCH,—(IJH—CH,—OH , CH,~CH-CH~CH,OH
I

The monohydric alcohols form a homolog

mula G, H,

alcohol, Secondary (2°)
the hydroxy group is atta

Primary alcohal (1°)

Secondary ajcohol (2):

Tﬂ'tiafy alcohO! [3°]

B
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HO-CH,-CH, -OH

1.2 ethan djg]

OH

1.2.3 -propan triol.

|
(@] .

| Pl

Ethyl alcohol

CH,
prREzE=a

CH, =~ C—OH|
l

=
Lo

- - -

Tertiary butyl alcohol

3 CH,—CH,— C —OH

CH, —CH, =

LLLLE Y 4

etc. When the alechols contain

are usually called polyhydric alcohols:

C,H,0H

, HO-CH,-CH,-CH,-OH

1.3 propan diol

l
OH QH

1.2.3-butan irio]

n-propyl alcohd!
CH,

- - - 4-- -— - -ﬁ'
mg—+mg—-?—-0H:
|

P PSS P |

- -1

CH,

e en=ess

C—OH!

i )
CH,

Scanned with CamScanner

ous series with the general for-
ply ROH. They are further classified into primary (1°)
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ched to a primary, secondary or a tertiary carbo~ atom.
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It will be observed from the above examples that characterist, Brouy

: 0

primary alcohols is -CH,OH, that of secondary alcohols is S <0H g
; H

that of tertiary alcohols is -} C— OH'.

Monohydric Alcohols:

1. Common Names:- The simpler alcohols are commonly known by
common names. In this system alcohols are named after the alkyl group towig,
~OH group is attached. The prefix sec—or ter— is added before the name of i
alkyl group where necessary. |

2.JUPACNames:- Followingrulesare observed while giving LUPAC
names to alcohols:

(i) The longest carbon chain containing the hydroxyl group is chosena
the parent alkane.

(i) Position of side chains and hydroxyl group are indicated by number
of ghe cgurbon atoms to which they are attached. Lowest possible number
being given to the carbon atom to which the ~OH group s attached.

(iii) The ending - € of the L.U.P.A.C. name of the parent alkane is fepi
ced by the class suffix ~o] . For example:

(DCH,OH  (i)CH,-CH,0H  (iii) &H ~4H, -CH;OH

Methyl aleohol Ethyl alcohol

o n—propy! alcohol

or
r
methanol ethanol 1-prgpanol
I
o
;B Sy '
(iv) CH ~CH-OH 4 3 1 i 2 —éH’CH’
ls'::slin'oIl  alcoh o CH,~(CH,),~CH,OH  (vi) CH,~CH, |
Pyl alcohol n-b H
" utyl aleohol O laicot®
Sec—propyl alcohg) ]-bor Sec—bu%r
i utanol Z_butaﬂol
2-propanol

180 | J
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| 'cH

3 CH, CH,
i 2[ i 3 2| 1 4 5' 2 1
(vii) CH,-C-OH  (viii) CH -C-C H,OH (ix) CH,~-CH-CH,-CH,OH
5 | |
CH, CH, Iscpentyl alcohol
Ter-butyl alcohol Neopentyl alcohol or
or p gr i 3-methyl-1-butanol

|
)

. 2-methyl-2-propanol 2-2 dimethyl-1-propanol

1. METHYL ALCOHOL (Methanol, CH ,OH)

- Methanol is also called Wood spirit because formerly it was obtained
by destructive distillation of Wood which yiclded:

() Volatile inflammable gases

(ii) Strongly acidic liquid distillate called pyroligneous acid
which contains methanol, acetone, acetic acld, methyl acetate and
other organic compounds.

Methanol was separated by fractional distillation cf this liquid.

(iii) The residue is wood charcoal.
Recent Industrial preparation;- These days methanol is produced
synthetically from a mixture of water gas and hydrogen or a mixture
of carbon monoxide and hydrogen. The gaseous mixture is subjected
to 200 atmospheric pressure and then passed over heaied catalyst
mixture of ZnO and Cr,0; kept heated to 400 to 450°C.

The resulting methanol vapours are condensed.

Reaction:
Zn0O/Cr303

[CO@ +2Hy, ] 400-4500 C/200 atom $CSOH

Waltcr gas Methanol
Properties:.
Physical properties:- Methanol is a colourless, volatile, thin liquid
With specific gravity 0.796 at 15°C. It boils at 64.7°C. It is more toxic

and Poisonous. It is miscible with water.

Chemical properties:- J& lo"ac
i) Oxidation to formaldehyde:- Methanol is oxidised to formalde-

ll:l-IYde (HCHO) when heated with a mixture of K, Cr, O, and conc.
280,

KyCrz07
CH,OH +|0|—cimsaen i = CHO# Ha0

Formaldehyde -

181
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Formaldehyde (Methanal) s further oxidised tq g,
(methanoic acid) with the same oxidising mixture,
K2CrgO7
H.CHO+ IOI Conc. 112504 »H-COOH
Formic acid

(ii) Ester formation:- Methanol reacts with acetic acid ¢, fo
csler. M ay

Tinjg Al

CH4OH + CHyCOOH ==CH, - COO- CH, + H,0

Dimethyl esler
or melhyl acelate

i i h halogen acid;- Methanolreact
s with halg
like HCI to form methyl chloride. This reaction Is catalysed b}gre;na::cll!d

CHaOH + HCl—2C2._ ey, - o1+ H,0

8 of Methyl al ol:-

h lAI 1
Eth
Ethyl alcohg] om2ieCa Hs OH);- "

hol,
large scale by ferm Commonly known as alcohol, is produced 0c

€ntation process of starch or molasses by ¢

Zymes
the Crmentation o Stare:-] = The alcohol for beverages is deﬂu e
Present in rice or potato. For this 1: 4

rolﬁ;

00ked t
(gennlnated bar] 0 form g Pulp and then to this is add

ey). Th
€ enzyme diastase present in malt hyd wh!

se to
Crets two ep, S€. Further action is carried out by ye@° ¢ o

. Zyme
“ymase whjep, co Sl_l;n altase; Converting maltose into glueo®

182 Elucose Into ethanol. Since CO? es
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ihe form of bubbles so the process is called fermentation meaning
gentle bubbling or bolling.
2(CeH,405) + H,0

Dlaslase
nmai—* C12H2,0y,

Starch Mallose
; Mallase
CisHy,0,, + H. "
12H32011 + H,0 inyeast — 2C6 H 304

Glucose

Zymasce '

~ = Ethanol )

_ (b.p. 785 °C) |

[b)Formentation of molasses:-The thick dark brown coloured syrup

lelt alter isolation of crystalline canc sugar is trcated with yeast which
contains enzyme sucrase which converts sugar in molasses to glucose
and fructose, which further react with zymase present in the yeast.
The fermentation glves ethanol.

Buc@
Glucosce Fructose

Zymnsc t
Cquzos >2C2I-I5OH + 2C02

In yeast

I Ethanol
 (b.p. 78.5°C) |

Etha-nOl is se ;
parated by distillation.
Z“;Ctlned spirit contains 92-95% ethanol by weight.
Solute Aleohol Is 99.9% pure which is obtained by absorbing water
distilling alcohol at 78 °C.

of

"cclified spirit with CaO and then

Ml._ Ethanol 86%, water 11% and methanol 4%
c a8 methylated spirit.

%’:;E:::Onialn ethanol In varying percentages.

Spe ;- Ethyl alcohol Is a thin colourless liquid of
Cilic gravily 0,79 at 15 °C. It bolls at 78.5 °C at 1 atmospheric

183
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lidifles at =112 °C. It is highly miscible with water, lts

ressure. It so
- ture of Hz0.

structure resembles the struc

Chemical Properties:-
{ Acetaldehyde:- Ethanolis oxidised to acetaldehyg,

with Kz Crz O7/conc. H2S50;4.

K2 Crg 07
CH, - CHy - OH +[O] S0 » CH, - CHO + H,0
Ethanol s Acelaldehyde
(Ethanal)
(i1) Reaction with Halogen acid:- Ethanol (1° alcohol) reacts with

HClI in presence of ZnCly as catalyst to form ethyl chloride.
C,HgOH + HCl—&£2_, C,H; - Cl+ H,0

Note: In this reaction alcohol loses its hydroxyl group.

(iii) Reaction with sodium;- Ethanol reacts with sodium metal. The
H-atom of hydroxyl group is replaced by sodium to produce sodium

ethoxide liberating hydrogen gas.
C,HgOH + Na—— C;H; ONa+ 1 Hy

Ethoxide (C,H, O) is used as a strong nucleophile. This reaction shows
the acidic nature of ethanol.

(iv] Esterification;:- Ethanol reacts with acetic acid in the presence
of H2S04 forming ester. In this reaction ethanol loses hydrogen and
acetic acld loses hydroxide (OH).

C,HzOH + HB= C~ CHy —12%04_,C,Hg - O~ C- CH, +H,0
: :
Elhyl acelale

iz Ethanol when heated with conc. H,S0¢

loses watcr (H,0) forming ethene.
H H

| | _, Conc. 113804
E I | pl;ﬂ IBUUC =) ch = CHa + Hgo
H I Elhene

J

[T

Ethanol

184 A
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her formationi- Ethanol in excess when treated with conc.
H2S04 at low temperature, yields cther in two steps:

CH; - CHy - OH +HO - SO, - Ol (conc)———— CH, - CH, - OSO;H + H;0
Elhyl hydrogen sulphale

CHj - CH, - OS0Hi + CHy - CH, - OHi————— CH, - CH, - O~ CHz - CHy + H; SO,
(Excess) Diethylether

tion with PCla, PC] 12;- Ethyl alcohol reacts with
acid chlorides like PCls, or PCls or SOClz to produce cthyl ¢hloride.

3C,H.OH + PCl; — 3C,H,Cl + H3PO;.
Elhylchloride

C,HOH + PCly ———— C,HgCl+POCI; + HCI.
021’150!’1 + SOC].2 _— Cal'IECl + 802 + HCl.

(viii) Dehydrogenation of ethanol:- Ethanol vapours lose hydrogen
(H,) to form acetaldehyde when passed over Cu-Ni couple.

Cu-NI
CHj, - CH,OH —g5:c— CHa " CHO+H 2

Acetaldehyde

Uses of Ethanol;

() Ethanol is uscd as a solvent. It dissolves a large variety of organic

d varnishes.
substances such as gums, resins, tinctures an ‘
() It is being extensively used in the form of different beverages. For

this ethanol obtained by fermentation of grains or l'ruflg 5;1 :rsg:'léanic
() It 15 used as a raw material for the prepa.ratioxc'll (:1 ST
compounds such as CHCls, ether and esters. Deodoris

used as base for perfumes.
V) It is used for 10‘; temperaturc thermometer and as fuel substitute.

V) Ethanol is uscd as an inert solvent (or certain organic reactions and
recrystallisation of many organic compounds .

185
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¥ | LIC ACID CoHsOH)
9.2 PHENOL [CARBO Salnits hydroxyl pcup d“-ecuy at.

Phenols are aromatic compounds €0 lassified as monohydric,

f carbon atoms. They are c

?ﬂc‘f;:l(li'i::o &E;?lﬁggigﬁlgs? etc., according to the number of hydroxyl groups present
on aromatic carbon ring. e
OH OH ol
(i) © (if) @ ~ (iii) [: :[ =
Phenol Resorcinol :’%Trif;gy;l:‘?cl)
(Monohydric) (Dihydric) -3 A ot
] -~ Some well known nnenols have trivial names, eg, catechol,

s are generally named as deriva-
H groupare indicated by number

mber one is assigned to the

| ituted pheno
Resorcinol, p—cresol, eic. Substitute
tives of phenol. Position of substituents and-0
of the carbon atoms to which they are attached. Nu
carbon bearing the <OH group. For example:

OH
OH vE e
(i) @ (ii) I (@)
4
Phenol 2_¢hloroph¢n°‘
(Commonly known P—cresol
as carbolic acid or
4-methylphenol
OH OH OH
¢ OH
(iv) ) (v)
OH
Catechol Resorcinol OH
l-.lydl't?‘:l“"wm=
OH
NO, ¢ . NO,
(vii) 5 [}
NO,
2,4,6-trinitrophenol

or Picric acid
186
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Compounds having “OH group linked to a naphthal '
phenols gﬁ: they are called naphthols: phthalene ring, are also

OH
AN s s SO
i3 -
0Q .00
5 4 5 4
1- Naphthol 2- naphthol
or or
a-naphthol p-naphthol
. Methods of preparation.

i () From chlorobenzene (Down's process):- Chlorobenzenc on heat-

. Ingwith 10% NaOH at 300°C and under 200 atmospheric pressure,

forms sodlum-phenoxide which on further heating with hydrochloric
acld gives phenol.

Cl

' ‘ Na
° 300°C
@ +NaOH (10%) 200 alnupressurc ? +HCI
Chlorobenzene Sodium phenoxide
- _
Na OH
5+ 6—
+HCI — +NaCl
Phenol

- Solyg sod| .. Benzene sulphonate is fused with
- Ph um hydroxide at 25°C in nickel crucible and gives sodium

®noxide

| ?Q‘Na Na
.‘ 26°C
g +2Na01-|(.) y +Na,SO, + H,0
|

(fuslon)
l Sodium phenoxide

.‘ - 187
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Sodium phenoxide on further treating with hydrochloric acig Blves
phenol.

=) Na OH
+ﬁ él— >@ + Na Cl
Phenol

hysical Pr ics:- Phenol is colourless crystalline solid. It hag
peculiar odour. It is poisonous. Its melting point is 43°C and bolling

point is 182°C. It is miscible with waler above 68.5°C in all propor-
tions.

Chemical rcactions:

(i Reaction with sodium hydroxide:- Phenol is fairly acidicin

nature and rcacts with strong basc like sodium hydroxide, yielding
sodium phenoxide. '

- +

OH Na
+ -
@ + NaOH > +H,0 .
|

Phenol

Sodium phenoxide

(i) Reaction with zinc dust:- When vapours of phenol are passed

over red hot zine dust then it is reduced to benzene.
OH

@ +Z —red hot —>@ +Zn0

Phenol (dust) Benzene

Is
i 0 ion with hydrogen gas):- H}’dmgcngas
bubbled through phenol at 150°C and in presence of finely deCd
nickel, then cyclohexanol is obtained,

H OH
OH
7 NI N H
o 1oH, 150°G ? n \l:l
Phenol H >
H H
188 " Cyclonexan®!
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1 n with bromine water):- Phenol reacts

rapldly with bromine water and produces 2,4,6-tri bromo phenol.,

OH OH
@ +3Br, H20 , Br—@— Br  3HBr
i
' Br
Phenol 2,4,6- Lri bromo phenol.

itratio R jon with dilute Nitric acid:- Phenol on treating
with dilute nitric acld at 25°C, gives O-nilrophenol and P-nitrophenol
because hydroxyl (-OH) group Is ortho and para directing group.

OH OH OH
Phenol O—n{lropllenol N02

P-nilrophenol

[b) Reaction with ggng,.Nitrlg acid:- Phenol on heating with conc.

nitric acid, gives 2,4,6-trinitrophenol.

OH OH
NO, NO,
+3HO.NO, fleat +3H,0
Ph -
enol NO,

2,4,6- U nitrophenol.
ion with sulphu d):- When phenol is

ted with suphurlc cld. it givs relative proportion of both Ortho
ture. 2 iSOmers of phenol sulphonic acld depending upon tempera-

4

:-!.!_.!:_ v L J :

(a) -
:l o}? heating at 15-20°C, it gives major ratio of ortho-phenol

OH OH
2@ @'SQ!H X +2H,0
Pheng) +2H0'SO:3H {0 —+ :
3 (Major product) SOyH

(Minor producl)

l. - 189
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(b) On heating at 100° C, it gives major product of para-phey
sulphonic acid.

OH Wi o
2llY +2HO.80,H—=— @—SOJH + @ +2H,0
Phenol (Minor product) SOH
(Major producl)
Uses:

(i) It is used as antiseptic and disinfectant. ‘

(i) It is used in manufacturing of soaps, plastics, disinfectant, sprays,
olntments, lozenges, gargles elc.

{i1i) It is used in preparation of picric acid, aspirin etc.

(iv) It is also used as ink-preservative.

9.3 ETHERS

Ethers are compounds with the general formula C, Hansg O,which is the
same as that for monohydric alcohols and since their general structure i
R-O-R, they may be regarded as alkyl oxides or the anhydride of alcohols.

/ I
R—\O H/ Ether

2- molecules of alcohol '

o oad 10 D6
If the two alky) groups in an ether are same. The ether 1S said 10

: of
symmetrical or simple, e.g., C.H -O-C.H.. When the two alkyl groups
different, the ether is said to be ur:symncxétrfcal or mixed, €.8. CHVO'C’H’

Nomenclatuye;- ¥
malc-hséhers are commonly named by first taking the names of alkyl 7 4
10 oxygen, followed by the class name ether.

whi%:}xAcﬁording to LUPA.C. system, the ethers are regarded as 4l
a hydrogen atom s replaced by an alkoxy (-OR) group-

190
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In mixed ethers, the larger alkyl group 1s chosen as the alkane:

(a) CH,~O-CH, (b) CH,-O-C,H,
Dimethyl ether Ethyl methyl ether
or or
Methoxymethane Methoxyethane
(¢) GH,-O-C.H, (d )CH,-O-CH,-CH,~CH,
Diethyl ether Methyl propyl ether
or or
Ethoxyethane Methoxy propane
i 1
(i_fH:l (i"Hs
; |
(e) CH,“CH-O-CH,  (f)C,H,-0-C-CH,
Isopropyl methyl ether %Ha
or Ethyl ter-butyl ether
2-methoxy propane or

2—methyl-2—éthoxypropane

DIETHYL ETHER

Methods of preparation:=

[ilFrom cthyl alcohol;-William Son prepared diethyl ether from ethyl
alcohol called as William Son synthesis. He used sodium metal and

Sulphuric acid.

I using sodium I:- .
() Ethyl alcohol on treating with metallic sodium, forms sodium
Cthoxide,

ZCHs—'CHg— OH +2Na— —>20H3*CH2—O.NEI+I‘12

Sodlum cthoxlde
(i) Sodium ethoxide on further treating with cthyl bromide, forms
lelhy] o(her,
T g
CH, - =4 ¢ =
& CH:-O.NMCH;,-CH,[Er—

_}CHJ " CH: = 0"‘ CH2 = CH:' + NaBI‘
Dielhyl elher
191
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b) Frorﬁ ethyl alcohol usln@ubhurlc acld:- Dicthyl ether is
prepared by reaction of ethyl alcohol with sulphuric acid.

CH3 - CH; - OH:‘ "'T 6" CH, v+ CH;'I"{‘;&-) CH3 e CH2 2 ()"'CHZ'-'CH3 *HIO
Dlethyl ether

(ii) From ethyl chlorlde using silver oxide:- Elhyl chloride on
heating with dry silver oxide, produces diethyl ether.

Fl

OCH, - CH,4 C 1+ Ag,0—He&t__CH, - CH, - O~ CH, - CHy +2AgC
Elhyl chloride Dlelhyl ether

Physical properties:-It is colourless liqu!d. It is highly inflammable.

It has low bolling polnt. It is a good solvent. It is soluble in concen-
trated sulphuric acld like organic compounds containing oxygcn.
Chemical reactions:- Diethyl ether is rclatively un-reactive because
of greater stability.

1. Oxygen of dicthyl etherposscsses twoeleclron pair free (un-shared)

which react with strong acid like hydrogen lodlde to form oxonium o
by accepling proton.

s + (""—- T 'I‘
CzHg - O-CyHg +H~ 1 »CzHs - Q - CgHs *

H

Oxonium lon

lfodld.e ion (I') belng strong nucleophile reacts with oxoniu™ é‘;‘:
ang ethyl alcohol and ethyl fodide by breaking carbon-o%

vt =
C2H5 - ? - CZ}IS +1 ) CzHSOH + CQHSl
H

Ethyl alcohg)

' ' der
' : jde un
Same condjy thus formed further reacts with hydrogen lod

ons and forms more ethyl lodide.
C,H,OH + HI »C,Hgl+H,0

ree other atq

Example;

g

dedw A
When oxygen is posilively charged and is 20" qm o™ ¢
ms or group of atoms then It is called 0X0°

R-f}'-R. H-t’?-H. Hy O J
H H
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i It is used as solvent for facts, waxes, gums, resins and other
organic material. It Is used as solvent in Wurtz reaction. It Is used in
preparation of Grignard's reagent. It has been used as general
anacsthetic. It Is used In manufacturc of smokeless powder and
artificial silk collodion. It explodes duc to low boiling point and highly

mflammable nature.
9.4 ALDEHYDES AND KETONES

Aldehydes and ketones both have the general formula C, H,_ O, and since

both contain the carbonyl group ( >C= 0). they are also known as carbonyl

compounds. In aldehydes one of the two available valencies of the carbonyl
carbon is satisfied by a hydrogen atom and the other by a alkyl group., whereas

in ketones both the valances are satisfied by alkyl groups.

R
R N
Ketone

Aldehyde Carbonyl group

In aldehydes the functional group is -CHO (.H>C = O) and in ketones

the functional group is >C =0.

(0], HCOOH
Formic Acid

@ HcHo
Formaldehyde

[0] __, cH,COOH
.  Acetic Acid

W@  cH cHo
Acetaldehyde
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®)
CH; - CH, - CHO ——--F-l | CH; CH, COOH
Propionaldehyde Propionic acid

(iif)

The position of substituent is indicated by Greek letters, « y,
the a—carbon being the one to which the -CHO group is altache'd: LT

d ¥y Pux
(Y -C C-C-C-CHO
CH, CH,
» | I
flngHa—CH—CHO (iii) CH,~CH-CH,-CHO
« i g e 8
a-methyl propion aldehyde p-methylbutyraldehyde

2 LUPA.C, Names:- In this system aldehydes are named after the nan

Ef E:lhcr:fnuc;c::rr;:sltlom:ling alkane, The ending "~e" of alkane being replaced bysif

Sarent alk:r?ge';'th carbon chain containing the -CHO group is chosen &

carbon atom: 1o \:h?c%s?;,om of substituents are indicated by numbers of
e

group is given number one,y are attached, and the carbon atom of the

: O F ohad]
(i) HCHO GICH,CHO  (iij) CH -CH,-CHO
Methanal Ethanal P I
= i ropana
Formaldehyde Acetaldehyde
5 43 2ot s
(iv) CH, --(CHz ),-CH,CHO (v) E‘H; "éH: _%‘H—éHO
Pentana) or valeraldehyde 2-methylbutanal
5 ICH’
- = 3
(vi) CH,-CH-CH,-CH,-&'HO
4—ﬂ161hylpentanal

Nomenclature of Ke(ones;
| Sommon Names:.. simple af rl“‘“am‘o[
alkyl iz Simple ketones are usually named afte :
YL Broups attached tg the carbonyl group, fouowcz; by the word Keto™
194 '
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If the two alkyl groups in a ketone are same, the ketone is said to be simple

or symmetrical; if the two alkyl groups are different, then it is said to be mixed
or unsymmetrical ketone.

2. LU.P.A.C. Names:- In this system the longest carbon chain having the
carbonyl group is chosen as the parent alkane and the ketone is named by
replacing —¢ of the parent alkane with suffix ~one. The position of substituents
isindicated by numbers of the carbon atoms to which they are attached and the
carbon of carbonyl group is given the lowest possible number:

@) O
42l s s 3 I,
(i) CH,-C-CH, (i) CH,~CH ,~C-CH,
Dimethyl ketone Methyl ethyl ketone
(commonly known as acetone) or
or 2 - butanone
2-propanone or
or butan -2-one

propan-2-one

CH, CH

3 3
T e SRSl ey c rqpsglln s grgll Sigaing
(iii) CH,-CO-CH,-CH,-CH, (iv) CH,-CH-CO-CH-CH,-CH,
Methyl propyl ketone 24-dimethylhexan-3-one
or
pentan-2-one
CH,
°H. ol & » &1 Z0-Cr, &o-LH,cH
(V) CH, ~CH, -CO-CH, -CH, (vi) CHr(l? H, 2~ C1
Diethyl ketone CH,
Pcn!ar?:3-one 5,5-dimethylhexan — 3—one

(0
P |
ORMN?LDE S A H_C_gq)fb lution lt‘
| ethanal j lv available as a 40% aqucous sofution.
8 the r'st and mi(;gg;,?&?p}:)?tant member of aldehyde series which

dely used in synthctic Industry.
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f preparation:=
%{)n of methyl alcohol:- On large scale

ixture of methanol (CHs.
al is obtained by passing a m 3-OH)
3;(:3;15 and air over heated catalyst . In this reaction methanol Joge
hydrogen to produce methanal i.e. Formaldehyde. Formaldehyde i
absorbed in water to get its aqucous solution.

H H
I\ CuO+M,0 I
H- C= OH ——55——H- C = O+Hyy
| Formaldehyde
H
Methanol

2. By the oxi n of methyl alcohol:- Methyl alcohol Is oxidised
to formaldehyde by heating methyl alcohol with a mixture of

K,Cr,0; / conc.H,SO,. The first step oxidaion gives formaldehyde,
as !

'H .
H I ' K2Cr207 /Conc.H2804 '
a1 (0] yH- C =0+H;0
| Formaldehyde
H
Methanol
If this ox ed 10
formic acid? :;d dation continues then methanal further oxidis
H H
I ' (I)
H-~ C= O+ [0]__“20"'207/00:“:.!'!2804_} eiCie 0
Methana) _ e o .
(Methanolc acl

196
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distillation, gives vapours of formaldehyde . .

O
I
H-C-0 @)
\ Healting I
4La sH- C-H+CaCO,
H-C-0 Formaldehyde
1
O

Calclum formale
Properties;

2] Physical properties:-

) Formaldehyde is a gas at ordinary condition.

(i) It may condense to liquid at-21°C |

(i) 1t is readily soluble in water and" the aqueous solution has
Penetrating suffocating odour. '

(iv) On evaporating aqueous solution,a crystalline solid known as
Para-fonnaldehyde (HCHO)n H20 is obtained.

hemical properties:-
n of alde roup;- Like all aldehydes, formaldehyde
} g;sﬁesses active H-atom attached to carbonyl group which is easily
dised when formaldehyde Is treated with oxidising mixture
c"‘07'+conc. H2S04') to form formic acid

|
| .

0
I |
oncllzS0O
H-C = 0+[0] 22/ " ® yH-C-OH
Formc acid

\+6 x-S
pman%di - 1, >C=0;- The carbonyl bond ( C=0) is
Teagen in aj| carbonyl compounds and the addition éf various
18 thay., - CTOSS the carbon - to-oxygen double bond of cabonyl group

Acterised by active hydrogen.

. i 197
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General reaction of this type may be represented as:

B
|
o e 0
\c‘)éﬁmfe ST
H
Following are the addition reactions of methanal with some reagents,
WMMM The addluﬂn reaction Is
inilatcd by nuclcophilic attack of C Nat elect.rophlhc C.
CN
(1) 9 @ (2] I
-C*= 0 H-CN yH- C -OH
| i
H
5 (Cyanohydrin)
addition product
(b)_Addition of hydroxalaminc (NHaOH):- Formaldehyde adds
hydroxalamine (NH20H) to form a stable product called "Oxime”.
H
Hy !
H,C=O+H=N-OH yH- C-OH
Formaldehyde |
N- H
|
OH
i Unstable addition product
|
H—?'—OH-—— Slowly —VH-C- H +H,0
]
T' i N- OH
Oxime (Formaldchyde amine)
OH

198
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:- Fromaldehyde

OH

Thydrazi H2N-
adds phenyl hydrazine in normal manner to form stable product
called phenyl hydrazone.
O

H- C- H+HyN- NH- C¢H,

H-

C¢ Hg
(unstable addilion product)

OH

|

G- H Slowly yH-C - H +H30
| |

N -H N

I |

N -H N-H

I |

Ce Hs CgHs

Phenyl hydrazone

1:- Formaldehyde adds alcohol (Ethyl alcohol).
1:1 the first stage hemiacetal Is formed and then In the second stage
acetal” is formed.

OH

i '
() C =4 B
- g i i - yH ? OC;Hy
Formaldenye Ethyl alcohol H
Hemlacelal

¥
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(ii)

S OC,H,
| = |
H- C -OC;Hg+CyHg OH* »H-C - OC,Hy+H,0
| I
H H

Acelal

3. Reaction with Fchling's solution:- When aldehydes are warmed

with Fehling's solution, red precipitate of cuprous oxide (Cuz0) is
obtlained.

0] 0o
I I

yH- C- ONa +Cu,0y +3H,0
Sodium formate

:- In absence of alpha-H, formaldehyde does

not undergo “aldol-condensation” however when formaldehyde Is
treated with g stron

e i g alkall, it undergoes seclf oxidation-reduction
action in which one molecule of formaldehyde Is reduced ¥

20“;,anol and the other is oxidized to formic acid. This self addition-
acdon is known as Cannizzaro reaction.

H-CHO + H- CHO + NaOH

H-C-H+2Cu(OH), + NaOH Warm

- —t
»CH, — OH + HCOONa

5. Retuction of methanal to methanls, Hyirogen mey 4%
added n methanol:- Hydrogen may &°
Which {;llag'l:t::r bonyl group of an aldehyde by using somc reagen!
nascent hydrogen
: - ter
or sedlumenformaldehyde is reacted with sodium amalgam and Wa™

ol.
andalcohol, jt 15 reduced by nascent hydrogen (0 metha’
O H
]

H~C - H 4 o[H]—_NascgHzon

Formal dehyq
(Methana)) >

!
»H- C-OH
|

H
200 Methyl alcohol

(Methanol) i
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pol i= Formaldehyde polymerises in the presence of
jilute H2SO4. 0N heating to form a trimer known as meta formalde-

hyde which melts at 62°C,

H H
N/
C
[RRE )
I Dilute 113504 £
3l H-C-H o 3RO O
| l
\ H H
/ \
Formaldchydc H/c C<H
N/
o)
meia formaldehyde
Z Reaction with Tollens reagent:- Tollens reagent is ammonical

siiver nitrate solution. Formaldehyde when reacted with Tollens

reagent then from Tollens reagent, metallic silver Is reduced which Is

deposited on a fine smooth surface forming sliver mirror. The alde-
hyde group Is oxidised to formi¢ acld forming ammonium formate.

Tollens reagent is prepared by adding few drops of NaOH to

O3 solution to get white precipitates of AgOH. The white precipl-

'ales of AZOH are then dissolved by adding NH; or NH4OH.

AgNO, + NaOH——— AgOH L +NaNO,
AgOH + 2NH OH —— [ Ag(NH, ), JOH,, + 2H,0

He

CHO + QIAg(NH‘ ), IOH
UlcsFonnald"hch
) of tormlldehyde:

Diamine siiver (1) hydroxide

s ,2Ag ) +HCOONH, +3NH, +H,0

+An
forgy, AQueoys solulion contaling 40% of formaldehyde known as

2, poobtl

) u,.::;‘* Plagt|

% 1S used as a preservative for blological specimen and as

Por. 1d disinfectant.
%t}\nnald"hyde Is mainly used to produce the following resins or

ormaldet\;vde by condensation of formaldehyde and urea.

201
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(il) Bakelite by condensation of formaldehyde and phenol,
(ili) Melamine.

3. It Is used to prepare drying oils and dyes.

4, It is used in silvering of mlrrc;-r. e
5. It is used in the processing of ant-po ¢
6. With fuming nlglc acid, formaldchyde Is converied into highl
explosive cyclonitc which was used in World War- 11, :
ACETONE.

)
It is basic member of Ketone., Its structural formulals CH, - C=CH,.Ils

IUPAC name is propanone. It is also called as dimethyl ketone.
Acetone is the commerclal name. It is present in blood and urine in

very small quantily. In diabclic mellitus, the quantity of acetone
Increases.

Methods of preparation:-

<

(i) By oxidation of secondary propyl alcohol:- Acentonels prepared

by oxidation of secondary propyl alcohol with acidifled potassium

dichromate solution. Due to oxidation, loss of two hydrogen atoms
take place.

it 0
KaCrg0
CHy= C = CHy +[O) gy CHa ~ C- CHy + Ha0
}l-l ] Acetone

Sce. propyl alcohol
(2: propanol)

Acetic acid:- When vapours of acetic acld ar¢
passed over manganese dioxide at 500°C, it ylelds acctoneé.
o)

' rolysi

(@)
Il MnO Il
2CH, - C- OH ——o’y CHy = C- CHy # COa + H&°
il Acctone oI5
n
By di tion of calcium acctate:- Industrially g
prepared by dry distillation of calclum acetate.
CH,; -Co0 O
S I COs
Ca—Llpdistilaven_, ~p1 _ o CH,+C2
CH, - coo/ amne
Calclum acelate

i
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whlt is colourless, Inflammable liquid with peculiar smell.
(i) Due to its characlerlstic smell, it can be Identified.
(it It Is miscible with alcohol. ether and water.
(iv) Its boiling polnt Is 56.5°C.
v) Its specific gravity is 0.792 at 20°C.
alr ns:-
1) Reduction:~ Acetone reduces to secondary propyl alcohol on

heating with hydrogen in presence of catalyst palladium.

O OH
I Pd. !
Acetonc Sec. propyl alcohol

(i) Oxida tign n:- Acetone oxidizes in presence of strong oxldizing ager_lt
such as mixture of potassium dichromale and conc. sulphuric acid

and forms acetic acid.

0O
/ KzCri O
_ __3CH,-C-OH+CO, +H;0
Cﬂa == C = CHa + 4[0] H:SO.; [COHB) 7 CH3 usacgﬁ 2 2
Acctonc Acc
(il) Formation of jodoform:- Acetone on healing with iodine in

presence of sodium carbonate, forms yellow prec pltates of lodoform.

0
0 Il

I
CH, - C - CH, + 31, +2Na,C0; — CHI3 + CHy - C- ONa + 3Nal +2C0; + H;0

Acctone lodoform

O
|

Uses:
Witis used as solvent for acetylene, cellulose acctate,
anq cellulold,
) 1t Is used for storage of acetylene In solution form.
(i 1 g used in preparation of lodoform. chloroform etc.
l::'] It is used in preparation of artificial scent.

MLis uged as nall polish remover.

(vi) It is )
rubly, U5¢d In preparation of smoke

cellulose nitrate

Jess gun powder and synthetic

203
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9.5 CARBOXYLIC ACIDS .
Organic compounds which contain carboxyl group (-COOH) are )y

carboxylic acids. The carboxyl group contains a carbonyl group and a hydroy

group:
_,(I'_I:P_Ioﬁ! or -CO,H or -COOH
sl [t R
Carbonyl  Hydroxyl
group group

Carboxyl group

Compounds which have only one carboxyl group are calied mono carboxylic
acids, if there are two or three carboxyl groups in a molecule then it is called &
dicarboxylic or tricarboxylic acid. In this chapter only saturated monocarboxylic
acids will be discussed.

The saturated mono carboxylic acids are also referred as fatty acids, fiuc t0
the fact that some higher members (e.g; palmitic and stearic acids) occur in fats
Their general formula is C,, Hap,y COOH or simply RCOOH.

Nomenclature:~

1. Common Names:= The common names of monocarboxylic acids refer 10
their sources rather than to their chemical structures, e.g., Formic acid was 50
named because it was first obtained by the distillation of ants; latin word for an®s
is formica; Acetic acid is the chief constituent of vinegar, the Latin word for

which is acetum.,

Table 9.1 Common Names Of some Carboxylic acid.

Structure Common name Occurrence and dcn'\'a‘ion
olrame__—
SN Formic acid Ants W
CH,COOH Aceticad Vincgaw

C1,CH,CO0H Propionic acid Milk, butter and ‘tfezfeall
(Gr. Protos, First: P22

CH,(CH,),COOH Butyri m)

s utync acid Butter g—/wﬁ/

leré
CH,(CH,),COOH Valeric acid Valcriaft!’ fﬁg(gléﬁ/

o be

CH,(CH,) COOH Caproic acid Goat “‘_‘_Ci'f)”/

204
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iti f substituents are ind; |
The positions O ! ¢ indicated by Greek lettersa, g, v, & et
g~carbon atom is the one linked to the carboxyl group: Ao S

S g e
EeeC=C - C-COOH

1cid

a- meth
[ b4
(c)CH,-CH,

, f dime =4
LUPAC, Na | »

 longest continuou . B @l /The

parent alkane, an

- tlkane with - oic 2

'n.” common 1
e listed in table

IUPAC Name

_« Common Name
Formic acid Methanoic acid
Acetic acid Ethanoic acid
Propionic acid Propa.moic acid
Butyric acid Butanoic acid
Valeric acid Pentanoic acid

Palmitic acid Hexadecanoic acid

Octadecanoic acid

Stearic acid
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The pos.ition of a substituent is indicated as usual by number of the carhy
atom to which it is attached. The carbon atom of the carboxyl group is givez

number one.

S e VIR B
-C-C-C-C-COOH

CH, CH,
4 3l "2 1 5 4l 3 2 1
(2) CH,-CH-CH,-COOH (b) CH,—(|3—CH,—CH3 -COOH
CH,
3-methylbutanoic acid 4,4—dimethylpentanoic acid
Br Cl .

g0 Al 4 31 20\+
(¢) CH,-CH-COOH (d)CH,-CH-CH,COOH
2-bromopropanoic acid 3~ chlorobutanoic acid

O
I

ACETIC ACID (Ethanoic acid,CH; - C-OH or CH;COOH).

Acetic acid is the main constituent of vinegar (acetum meaning
vinegar) hence the name.
Commercial Production:—
1 Acid:- The brown a btaincd
queous distillate 0
during destructive distillation of wood was the chief source of aceti
aclc:. This llguld \lv:hllch is called pyroligneous acid contains aceticacid
acetone and mehyl alcohol is suble Jation {0
collect acetic acid. i aictionaliccs
2. From Ethyne:- These days acetic acid | xidatiot
s produced by the o
of acetaldehyde which is obtained by p'fsslng acei;lene (ethyn®)
through dilute H, SO, solution containing some Hg SOswhich acts
a catalyst.

dil HS504 /11gS04
HC = CH+ H- OH 5 »H,C = CH(OH)

Vinyl alcohol

H,C = CH(OH)—e=ettrmhmngement_, gy _ CHO

Acelaldchyde (cumnﬂ”

MNA
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he oxidation ofacctaldehydecis carried outwithKz Crz Oz/conc. Hy SOy4.
K, Cr, 0
CHyCHO + [ O] ———re-— CH,COOH
3 Acellc acid
m et Icohol:- The oxidation of ethyl alcohol with K3 Cr» 07/
conc. H2 S04 gives acetaldehyde which is oxidised to acetic acid.

H . o

‘0
| K3 Crz O7/H; SO4(Cone.) I
H,C- C -|H[+[O] Tient —H;C-C + H,0O
| [
H H
(0] O
| n
K2 Crz Or/Hg S04 (Conc.)
HiC- C +[0] »H,C- C
| |
H OH
| Acclaldchyde Acelic acld

Ehlm.ugmtjgs_;; The common acetic acid is a colourless volatile

liquiq having sharp vinegar smell and a sour taste. An hydrous acetic
:ﬂd Is a crystalline hygroscopic solid. It freezes like glassy mass
“lceis called glacial acetic acid. It is miscible with water, alcohol and

& The acetic anhydride has formula:

CH:,CO\
O which is highly hygroscopic
CH,co/

L, ies:
B"l:e:ue acid as @ monobasic weak acid:- It loniscs In aqueous
Yan 0? Producing one proton(H’) per molecule.The lonisation con-
Veay 4Cctic acyq 45 Ka = 1.7 x 10~° which means that it is a very

by, 'nm;Obaslc acid as compared to mineral acids for which Ka is

tl
| O order but acetic acid is a stronger acld than carbonic acid
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for which Ka = 4.3 x10~7. It neutraliscs alkalles forming salts whje,
are called acetates.

CH,COOH + NaOH — CH,;COONa + H,0
Sodium acelale

2CH,COOH + PbO —(CH4CO00),Pb+H,0
Lead acetale

2. Esterification:- Like all carboxylic acids, acetic acid reacts with
an alcohol to form a compound called ester. This reaction Is
called esterification.

In this reaction the hydroxyl (-OH) group of acetic acid com-
bines with hydrogen (H) of the alcohol to form water,

The reaction acquires equilibrium when mixture is heated to
boiling in the presence of 1-2 drops of conc. H2SOa.

9 O
Il 80, ]!
CH, - C~[OH+ HO - CHy —— »CH, - C— O C,Hg +Hi0
| _ : Ethyl acetate
3. Formation of acid halide:- Acetic acid reacts with thionyl chloride

(SOCI,) or with phosphorus trihalide (PXa) or with phosphorus

pentahalide (PXs) to form acid halide such as acetyl chloride of ace
bromide

0 0

Il |
CHy C- OH +S0Cl, yCH, - C - C1+50} +H®

Acelyl chloride
i i

3(CH;~ C- OH)+ pCl, >3CH3-C—CI*H3PO’

Q 0

[ 1 B
CH, - C"OH+PBr5 :CHa-C-Br*POBra

Acelyl bromide
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The acid halides are important compounds to be used for the
tmesis of other compounds For example;

0" Acetamide” is produced by the action of ammonia (NHs) on acetyl
chloride.

(0]
I Icl)
CH;-C-|Cl +H |.NH, — — CH; -~ C- NH,, + HCL.
Acelamlide
(Ethanamide)

(i) Acetic anhydride is obtained by reacting acelyl chloride with
sodium acetate.

i
o) O
i . i CH, - C\
CH;-C-0O[Na+Cl|- *C-CH, > /O+NaCl
Sodlum acelate Acetyl chloride
Y CH,-C
I
o)
Acelic anhydride

() Ester is obtained by reacting aéetyl chloride with sodium cthoxide,

O 0]
= I I
GHONa+ Q
sONa+CJ - *C~'CH, »C,H;0~- C- CH; + NaCl
Ethyl acetale

lsugs%mm;: When sodium acetate is heated with sodalime,

the :: one C-atom from the chain as CO2 which is absorbed by NaOH,
Ve Ingredient of sodalime(CaO+NaOH)

CH,COONa + NaOH €0 CH, +NayCO;

Useg,

() Aceyy,

Ugeq o ilicid. glaclal acetic acid and acetic anhydride are commonly

fty ab'f’l"-?lt'ary reagents.

r(.lt;hm‘ Cacid g ygeq as solvent for phosphorus, sulphur, gums and
L Yltyg

¥idely used in artificial leather producion.
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(iv) Acctic acld Is used to prepare acclates, esters and cellulc.scacelale

silk.
(v) Acetyl chloride or acctic anhydrlde Is used for acetylation,

(vi) After naturing and colouring, it Is used as vinegar,

9.6 ESTERS

These compounds are formed when the hydroxylic hydrogen atom of the
carboxyl group is replaced by an alkyl group:

O o)
I ' + 1
R-C-OH —ROWH ___p COR+H,0
Carboxylic acid Ester

The general formula of esters is C,H, O, or-simply R-COOR.

Nomenclature;= Esters are named as the alkyl derivatives of acids. .n‘l:
name of the alkyl group replacing the hydrogen atom of lhc.-CQO.H g OI“P
first taken, followed by the name of the acid and the suffix ic acid s 1¢P
by - ate:

(2) HCOOCH, (b)CH,COOC,H, (C)CH,-CH,COOCH,

Methyl formate  Ethyl acetate Ethyl propionate
or or or )
methylmecthanoate cthylethanoate ethyl propano?

(d) CH,~COO(CH,),CH, (e)CH, ~CH, COOCH(CH, X

n-butyl acetate Isopropyl propionaté
or or

butylethanoate isopropy} propanoate
ETHYL ACETATE S nh)'dmg:nu
e .(ll Isan esterand Is derivative of carboxy! 8“;“‘:;11 p,(hes L1
Ealems H) of carboxylic group Is replaccd by alkyl &

i

ts structural formuta is R - G- 0. R’
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nd R are alkyl groups which may be same or different . The
. ructural formula of ethyl acetate s (@)

]
Preparatlon.
By reaction of acctic acid and ethyl alcohol:- When acelic acid

i treated with cthyl alcohol in presence of cone. sulphuric acid then
_ cthyl acctate Is formed by removal of water. ‘

g j
: I H,S0, (Conc) |
' CH,- C-O[H+HO| C,H; 3 = CH;- C- 0-C,Hso¥ H,0
Acetic acid Ethyl alcohol
Physical Pr i
- (i) It is a liquid having pleasant fruity smell.
(i) Its melting point is 77°C.
(iil) Its specific gravity is 0.9 at 20°C.
| (iv)1tis Iess soluble in water but more soluble in alcohol and ether.
l _
. Chemical reactions:

() Hydrolysis in acidic mcdium;- Ethyl acetate hydrolyses in acidic

medium forming acetic acid and ethyl alcohol.

i ' .

H, SO, (dil) I
CHy;~-C-0 CH, + HOH =—— > CHy - C-OH +C,H; OH
Ethyl acelale Acelic acid Elhyl

alcohol

mﬂlﬂ-&mmwﬂmt Ethyl acetate on treating with 10%

N2 Solution, forms sodium acetate and ethyl alcohol.

0 (o)
CH;"' g- \ "
acclale Sodium acelale  Ethyl
alcohol
Useg,
(1¢

s
)y oca 1quld with pleasant smell.
) lscurss in pine apple.
ing —>¢d as good solvent for palnts, varnishes, oils, fats, gums,
' Cellulpge ete.
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(iv) It is used as plasticiser l.e. reduces brittleness anq ; - 3
mPTOVQS 1
elasticity of plastics.

(v) It is used for preparation of artificial flavours and €ssenceg

ASSIGNMENT |

1. What do you mean by mono, di and trihydric alcohols? Give two examp| 1
each class. et

2. What do you mean by primary, secondary and tertiary alcohols? Give the
structure and name of a 1°, a 2° and a 3° alcohol of the molecular formyia
C.H.,OH.

3. Outline the structure of each of the following:

(1) sec-butyl alcohol (ii) neo-pentyl alcohol (iii) 3-methylbutanol |
(iv) Isobutyl alcohol (v) ter-butyl alcohol

(vi) 3-ethyl -3-methyl ~2-pentanol
(vii) 2,2-dimethyl -1- 4 hexandiol

(viii) Resorcinol (ix) 4~bromophenol (x) 2-4-6-tribromophenol 1
(xi) 4-methylphenol (xii) 2-naphthol
(xiii) 2-4-6-trinitropheno]

(xiv) Di-isopropyl ether (xv) Ethyl-ter-butyl ether

(xvi) Isobutyl methyl ether (xvii) 2-methoxy hexane

(xvii) 2-methyl-2-methoxy butane (xix) 3—ethoy heptane
(X?t?.Pcman-z-. one (xxi) 4-5-dimethyl-3-heptanone

("xl.l) Isobutyraldehyde (xxiii) 2- chloropropanal 0
(xxiv) l-bromo—B-methyl hexan-2-one  (xxv) Methyl —ter= w2

Boxvi) 3~ chlorapentanoic acid  (xvii) a,8 -dimethyl butyric G

((:"1!]) Valeric acig (xxix) 2-bromo—3-methyl hexanoic acid
(m:. “9Propyl butanoate (xxxi) Butyl propionate
ii
) Methy) hexanoate (xxxiii) Isobutyl formate
212
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4, Give the LU.P.A.C. names of each of the following,

where possible, giv :
he COMMON Names. P giveaiso

(i) (CH,),CH-CH,CH,OH (i) (CH,), CHOH
Cl)H OH
i) o1, ~CEE=CH=CH - (1v) CH,—CH-CH,—CH,-CIH-CH,—CH,
OH OH
() (CH,),C-OCH,  (vi) C,;H,~OCH(CH,),
(vii) CH,-OCH,-CH,~-CH, (viii) (CH,), C-O-CH,~CH,-CH,-CH,

CH, G,H,

. l
(X)CH,-CH - CH-CH,-CHO (x)CH,CH,CH,CHO

Br
: [ .
() CH_ -(l:_cno (xii) CH;'(EH'CHz -CHO
CH, CH,
O

0
ity I [
&) H,-C-CH(CH,),  (xiv) (CH,),CH-C-C(CH,),

)¢ r [
"\~CH-CO-CH-CH,~CH, (xv) CH,-CH-GH-COOH

CH, CH,
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Br .
| .
(xvii) CH’—ClH-CH,—COOH (xviii) Br-(IZ-—COOH
OH Br
l CH,
(xix) CHa-(li-CH‘ -CH,COOH (XX) CH, —CH-CH, -COOH
CH,
i O

: I
(xxi) CH,~CH, .COOCH,CH, (xxii) C,H,-C-OCH,

o)
I
(xxiif) CH,~C-OCH(CH, ), (xxiv) CH, CH, CH,-CH,-COOC(CH, ),
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carTER 10

CHEMISTRY OF LIFE

10.1 DEFINITION AND INTRODUCTION

Chemistry of life, in short written as Biochemistry (Bio = Life +
Chemistry), is a branch of Chemistry which deals with the study of chemical and
physical processes, by means of which the chemical compounds such as vitamins,
lipids, carbohydrates proteins and nucleie acids are transformed into one
another by the cell itself in order to maintain its organized structure and
acuvities.

The biochemistry is a new science in comparison to other physical sciences
and the reason of its Jate development was sophisticated techniques and con-
¢epts nceded to study the structure and function of a Jiving system.

102 FOOD AND NUTRITION

: .~ Food and Nutrition is a field of biochemistry which deals
““m and caloric requirement of the living body. It deals with the
“fiecton growth and metabolism of the living systemarising fromthe imbalanced
gzel. For instance the statistical survey data of food and nutrition showed that

0% of Population was suffering from the discases of malnutrition ( Faulty
)- Diseases like decayed and crocked teeth, bone deformation,lack of

m
"’:n:lailef]cnn“s and under weight were real outcome of the unbalanced food

ocg&:rgy (b) Growth and maintenance of tissues (c) Regulation of body pr

and for the sake of simp]idmil is ClaSSiﬁCd into six groups:
i caIb°hYdratcs
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(ii) Lipids and fats
(iii) Proteins

(iv) Vitamins
(v)Minerals

(vi) Water

E) ts Of Nutrition:~ For healthy performance, each day the diet must
supply the body with:

(a) Adequate calories (c) Mineral salts
(b) Vitamins (d) Water

It becomes therefore necessary to choose foodstuff in‘a diet which can cover
all the above needs of the living system and such diet is known as a balanced
diet. A malnutrition or bad nutrition is a state in which body is poorly nourished

due to long use of a diet which lacks in essential elements and becomes subject
to deficiency diseases and other disorders.

~ The energy and the fuel value of foods which supply this energy is measured
in calories. In nutrition, the use of large Calorie (written with capital C) or kil

calorie is employed and is equal to amount of heat required to raise the
temperature of 1 Kg of water by e

An energy requirement for a person of normal size and weight, workrilﬂé
gnder moderate conditions of climate may vary around 25003000 calo &
epending upon the nature of job. Concentrated brain work, for example:s®

and office work require no additional calories. Comparatively young <
need more calories than the older ones.

Ca]g‘ll'.li:s ;‘zfﬁu:;t:penditu res in some typical Pursuits are given belo¥ -
Walking at 3,75 Km p.h 140
Walking at 6 Km p.h 240
Sawing wooq o
~sonry lbour 270
Sweeping ang Cleaning 100
Dish washinyscvdng 20
Concentrateq brain work Nil
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Almost all the physiological activities of the body are energy de
Jhis wmcs.from the break down of carbohydrates, ¥ats and pgzeiﬁnﬁnﬁ::
major nutrients. Carbohydrates and to lesser extent fats are the cheaper sources
ofthe calorics than the proteins. Nevertheless the proteins are primarily neces-
sary for the tissue growth and repair but ifintake of other two sources of calories
are insufficient then the protein is also burned for energy,

The quantity of food needed to provide required calories for an individual
could be calculated as follows:

Carbohydrates give 4 calories per gram
Falts give 9 calories per gram
Proteins give - 4 calories per gram

(i) Carbohydrate [ntake:~ Carbohydrates are the cheap and an efficient

source of energy for animals, They serve as staple food for most of the countries.
Carbohydrates furnish 60-80% of the total calories intake, A minimum quantity
of 5g of carbohydrate per 100 K cal of the total diet is neccssary to prevent the
development of ill-effects of fasting or of high fat and protein dict.

~ The main sources of carbohydrates are (i) ¢ereals or grains-wheat, maize,
nice, oats, barley, sorghum and millets. (if) roots and tubers-Potatoes, sweel

potaloes, (iii) sugar, honey, beat roots, fruits and sugar-cane.

(if) Fat_Intake;~ Fats are important components of our diet, because these
fotonly make our diet more palatable but also provide energy double than that

of proteins or carbohydrates and therefore they serve as an effective source of
énergy store in both animals and plants (seeds). The available fat sources also
Provide the fat soluble vitamins because most of their sources are carrier of
such vitamins,

The minimum daily requi iate fats varies from 15-25 g per
; ujrement of appropriate r r
4 depeniding upon ﬂj:c ir?takc of calories from other sources of dict. The level
2 Tecommended fat can go up to 100 g/day, in case when it is ingested for

onific purposes,

HOcher 35 . ¢ day, are acquired from fats
wever, 35% of the total calories required per day, are acq ,
Ning 109 poly unsaturated fatty acids and 10% saturated faity acids.

ainsources of Fays (i) Animal sources =Tallow, buter, (ii) vegetable

2ng oS 1 wer, cotlon seed, coconuls, soyb-
Snang muslarrg‘-n seeds of all kinds of sunflo

(iif) :
g Emj&lﬂ._lma_kg. Normally, like carbohydrates or fas, protcins are not
“Tey SUpplying nutrients, ngcvcr when the required calories per daily
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diet are not adequately met by the carbohydrates or fats,the proieins do furnish,
energy.

Protein as nutrient,is more important for the maintenance of bddy' growth
and repair of tissues than 10 supply calories. Because the protein of tissues js

_ . : ized, it is imperative 10 supply so
constantly being broken down and synthesized, me
amount Q};' protiin in daily diet, so as to meet wear and tear quota of the body,

Nutritive value of proteins depends on their content of essential amino.
acids: for instance gelatin is a protein which lacks an essential amino-acid, the
tryptophan and similarly feints of corn are low in both lryptc:phnn and lysine,
Such incomplete proteins are unable to support growth if given as the only

source of protein in diet. Therefore, a mixed diet is suggested and pre.
ferable. eg, bread or rice with milk, fish and cornmeal.

There are ten amino-acids which body cannot synthesize and
therefore are called essential amino-acids, namely mcthionine, tryp-
tophan, threonine, histidine, arginine, leucine, isoleucine, valine,
phenylalanine and lysine.

The percent of energy requirement of the body per day opted
from food groups is suggested as under:

(1) Carbohydrates 58%
(ii) Fats 35%
(ili) Proteins 12%

The proteins in addition to other important functions also
constitute important sources of nitrogen, sulphur and phosphorus:
Protelns can also supply some amino-aclds which like glucose func”
tion as an energy donor, that fat can not do so.

The energy deflclency is always accompanied by the symptom*
of proteins deflciency and results in certain ailment.

The maln sources of protein arc : [1) Meat (1) Milk and eggs e
Pulses, beans, peas, lentil (iv) Edible seeds, nuts and oil cof
frults. |

j stb
(iv) Vitamin Intake:~ Vitamins are rs, which 36 &g

mulant and unlike major nutrients such as carbohydrates, proteins, fats r 48y’
they are required only in small amounts in the yfange of milligrams p:, theif
Chemiically vitamins are organic in nature and are classified accordié
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solubility as fat soluble vitamins such as
such as B-Complex and C.

A, D, E, K or water soluble vitamins

Water solubl_e vitamins are more readily absorbed than the fat soluble and
are not stored in the body thus taken in excessive amounts than the body

requirements are excreted and therefore their toxic effects are ra
On the other hand, fat soluble vitamins are
the liver hence need not be taken daily. Onel

rely known.
stored in large amounts, mainly in
arge dose is sufficient to over come

the deficiency state. Repeated intake in excess amounts of fat soluble vitamins

causes severe toxic effects.

For instance vitamin A is required for

normal growth, for visior in dim light

apd for keeping skin and the mucous linings of the body healthy. If it is taken as
little as 7:5 mg per day over a period of 20-30 days, the excess of vitamin A will
cause an increase in cerebral spinal fluid pressure, headaches and irritability.

| Many vitamins are labile and could be destroyed by over cooking and too
. many washing or refinement of cereal grains so the rigorous treatment of

washing or cooking should be avoided.

(v) Mineral Intake:~ Inorganic elements present in diet do not supply any
energy/calories like other nutrients such as carbohydrates fats or proteins but
their role in the diet is equally important for maintenance, building and rebuild-

ing of tissues.

Although living matter contains (races of all elements found in its
surroundings, only 23 elements have been observed to be essential for life. Out
of these eleven are non metals (C,H, O, N, S, P, CL, F, 1, B, Si) and the rest are
metals (Ca, Na, K, Mg, Fe, Cu, Zn, Co, Al, Ni, Mo, Se). Not all of these elements

Bones and teeth require calcium and phospho

have been shown to be required by all species. However, for instance H, C, N,
»Na, K, Mg, Ca, S, P are of universal importance.

rus. Iron is picked up for the

Production of haemoglobin and cytochrome system of body. Iodine is needed

i " thyroxine, the hormone of thyroid gla

nd. In other words mineral salts control

&ld-bage balance of the body, and as cofactors of the many enzymes and thus

A
|| Vate the metabolic system.

and

Fel+

— . ——

5355. meat, and cereals are common acid forming foods. Fruits, vegetables
fOOdI:llk are common base forming food. Sugar and fats are among neutral

Many of these elements are usually found as ions, such as

Na™ K+ Mg**, pof",sof,’Cl". oF ke CC?: . NO,

219
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The concentration of these ions present in body are maintaineq With
narrow limits and small variations result in many abnormal biologjca mnction:

The minerals are useful to maintain pH, osmotic pressure and g as io

antagonists. Requirement of the minerals varies from 100 mg or more, tg afe:.
micro grams per day. The elements required in microgram, are Cuu, Co%t
NiZ*, A’ ete. ’

(vi) Water Intake:= The daily intake of water is the most important item of
the diet. Because an individual without food may survive for a month, by
without water one can not live more than 15 to 16 days.

About 70% of the body weight is water, and weight remains constant from
day to day, it shows that the water content of the body also remains constant nd
this concludes that the total water lost per day from the body is being balanced
by the water intake per day.

The water requirement of the body per day is about 2.5 to 3 litres whichis
gained from three different sources mainly fluids, food and the oxidation of food
stuffs, and the same amount is being lost through urine, skin (perspiration)lungs
(expiration) and faeces.

103 CARBOHYDRATES

General:- Carbohydrates are an important class of naturally 0c¢#”
ring compounds which play an important role in our daily life. Th;Y
were called carbohydrates because the early discovered ones C;n
tained oxygen and hydrogen in the same proportion as in wat;iiuoﬂ
could be represented by a general formula Cx (H,0),; But this e
proved to be erroneous because: carboh¥’

(3) Some compounds, such as Rhamnose, are definitely formal® -

drates but their formulae do not conform to the gene

Cx [HZOl . are not
() All Cgmpounds conforming to the formula CX [HzO)étlc acld
carbohydrates e.g, formaldehyde, HCHO,[=C.H,Ol: and ac

CH, COOH, [= ¢, (1,0), | ete. e

Now a days pr bas¢
| hydralcs,
St pPrecise cicﬂnltion of carbohy

on

they are cither aldehyde or ketone having many-OH £
L
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WM&HMM_@: Based on taste carbohydrates are
as:

dasslﬂed
i~ These carbohydrates are sweet, crystalline and water
soluble ¢.g. glucose, fructose, sucrose, etc.
i= These are tasteless, amorphous and insoluble in
water, e.g. starch, cellulose etc.
sugars can further be classified as.

| su :- These sugars reduce TOLLEN'S REAGENT and
fEHLING'S SOLUTION. They contain free aldehydic or ketonic group

alongwith hydroxyl (~OH) group on the carbon adjacent to these
groups, as shown below:

i |/!‘Eel;ccn'uc group
' _L/h) ) I Jflcl}) !
— C A-C—H — C C-C—
N S = 1_\\]— I
\QH/ Aldchydic group (Q}{/

 Bramples of reducing sugars are: all monosaccharides (e.g. glucose,
Muctose etc.) and all oligosaccharide except sucrose.

| i%‘mm&ﬂégag: These sugars do not reduce Tollen’s reagent

ke ¢hling's solution because they do not contain free aldehydic or
€ group with adjacent hydroxyl (~OH) group.

lzuea are: One oligosaccharide (1.e. sucrose).

Polysaccharides (i.e. starch, cellulose etc.).
ication based on molecular structure:- A more scientific

based u pon the number of carbon atoms in a molecule
€ number of simple sugar units present in their molecules.

*accharides (8mple Sugars).

ccharum = Sugar)
| lng, “lﬂlpise: arethe carbohydrate:";”hich cannot be further hydrolysed
Carbohydrate units. They contain 3 to 10 carbon atoms.
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Those containing aldehydic group (~CHO) are called ALDOggg
O

i
taining ketonic group (-c-) arc called KETOSES, Ty, |
n atoms in their molecules is denoted by prefixes, i1
se, (GHz Og) contalns 6 C, and is s
s fructose, (CgH 04
lled Ketohexose,

and those con

number of carbo el

tetr, pent, hex cte.; Lhus u -
it is called Aldohexose whe

| a:}l(;i:tlggse 688 t;ut contains kctonic group henceitisca

Examples of Monosaccharldcs are:

CHO CH,0H T
CHO (IJHO | |
' CHOH) CO
CHOH (|CHOH)2 ( 4 | F.
OH (CHURI 3
éHEOH CH,OH CHS |
' CH,0H ]
' FRUCTOSE |
GLYCERALDEHYDE THREOSE GLUCOSE i o
(AldoLriose) (Aldotetrose) (Aldehcxose)

0“!
: esc glue
Hexoses are very important monosaccharides; of th

(ructose, mannose; galactose are outstanding. . hone’ (¢ has ¥

( . is found in fruits
Glucose also called Dextrose, 1s A e

open chain structure as well as close {ast Db
| th n which hydroxyl (-OH) £r 1grOUP]M
carbon (i.e. C-atom farthest removed from carbonyl g
I D— nd w "~
rod” 4

left hand sicle are called L-sugars.

Naturally occurring glucose is D-glucose. It has ?t, pls 4 <
plane of polarized right to the right; hence The opeAs 3 g
rotatory. A symbol (+) Is used for this purposc: * orice 05t 1
D(+) glucose Is shown below. It also exlsts as (wois0 open chal?
structures which inter—convert into on¢ another via p

This properly Is called mutarotation. 1
The closed chain structure, in which hydrex} W
C No.1 is on right hand side, il is called o-lsomer

222
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(-OH) group on C No.l is on left hand side, it is called B-isomer.

H OH B-form
H O
\ic/. \ // k“ HO| H
\ P
| (F |(|:
2 -
H-IC OH H- ¢ - o H - € <PH
L3 Sl T 5 O
HO- ‘% - H L HO (I.T H HO F H
| H- C -0OHT H-‘IC-OH
H- ‘C - OH [M-_c_-on  mx ’c—l
I I
H- 5C CH, OH D—{onﬂgurallon ‘CH, OH
D(+) Glucose B.D(+) Glucose

°CH, OH
D (+) Glucose

Closed chain forms of glucose are alsoreprescnted in hexagonal forms
tlled PYRANOSE STRUCTURES as shown below:

- form
SCH,OH Ofﬁ
H OH
o)

5

sy H!

o - form
3 2
OH .
H OH
a'D(*')glucosc B,D(+)glucosc

hructo e
e bl 2 Ketohexose is also called LEVULOSE because it rotates

8

an
© °f polarized Jight to the left. A symbol () is used for this
223
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is LEVOROTATORY. It is slmplest of all sygg,

ose; l.e. it :
purp hown below. Its ring structure is called FUMNO&;

structures are S
structure.

CH,OH

|

[ =0

|
HO—(II -H

H- (I: -OH =
| (B-conngurauon OH H
CH,OH

D(-) Fructose (open chain structure)

$.D(<) Fructose (furanose structur)

Galactose, an aldohexose, not found in free state, Is 2 part Oi milk
sugar (lactose). It has same structure as that of glucose excep
configuration at C No. 4 is reverse.

CH,OH
OH .
O,
OH H N o-form
w ] 1(o8
H OH
,D(+) ail
which |
(2) Oligosaccharides:- These are the ca.l‘bohydmcl)tli3 :he ougosﬂﬁh; .’
drolysis produce 2 to 10 monosaccharide units. for®

is |
rides, disaccharides are most important. A dis‘chC:::;‘ﬂd"3 : Is W. ;;
the joining of two monosaccharide units. Th y
condensation product of glucose and frustose. 5

Maltose is obtained by the combination of tWO 2 o
Lactose (milk sugar) is composed of glucose an

Sucrose is formed when oa-glucose 4yco
together through GLYCOSIDIC LINEAGE. Ag

one in which a carbon atom is joined to tWO
224
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single bond €. &0 = C - 0 -, 1t differg frop ETHER LINKAGE

. n_C-) in that, in
(,(':-—0 (,3 ) the latter » OXygen is joined to two C-atoms).

is the char
glycosidic linkage acteristic of oligo- and
a5 it jolns two or more GLYCOSIDES Le. c_\;gcllc s tnf:?tl;_):;::cmaﬂdes

i sucrose C-1 of glucose unit is joined to C-2 of f
| he linkage is also called 1,2 Glycosidjc unlmge.mcl:ose unit hence

. structures of Sucrose, Maltose and Lactose are given below:

x-gl
6 CH20H / glucose unit
H

| H 5
0
AKGOH o H!
QI e
H OH

@8 1:2-glucosldic linkage

Glucose unit | Glucose unit
o ~form B
i i
CH,OH
H H 5
(@)
1 4K OH H)l!
3 2 H
O H OH
o 8 1:4-glucosidic linkage
Maltose
225
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B-1:4-glucosldic linkage

p-form of
galaclosc

N4

H OH
Lactose

Of all the oligosaccharides, only Sucrose is non-reducing sugar
because:

(a) It does not exist In open chain form

(b) Carbonyl groups of both 1.e of glucose at C No. 1 and of fructose at
C No. 2 have formed, 1:2 glycosidic linkage i.e the carbonyl groupsaré
not free to reduce Tollen's reagent or "Fehling's solution.
Other oligosaccharides such as Maltose, Lactose, etcare reducing
sugars because they have at least one free carbonyl group, as the}
form 1:4 glycosidic linkage.

lys rdes:- These carbohydrates on hydrolysis prod ucf
more than 10 monosaccharide units. They are non-sugars: amef
Phous and insoluble in water, They are of two types:
o i They are found Inanimlas. EX0
YCOGEN. Glycogen s the reserve of carbohydrate of animals: %

ring in muscles and liver. It Is called "animal starch'. ItisaP®
of glucose,

ntp

jrates
- rve carboly
plants. They are the rese

Ples are starch and cellulose. oot
Starch s found in cereals such as wheat, rice,barley etc: also lr‘of w0
. Such as pota , :

' re
toes, sweet ly it s mixtV
Polysaccharides. et potatoes etc. Structurally o,

(1) Am 4glye®
linkagﬂou Inwhich a, D (+) glucose units are joined bY el

226
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() Amylopectin, with highly branched structure in which o, D()
glucose units are joined by 1:4 as we]] a5 1:6 glycosidic llnkag;:

u is found in the ce] walls of plants, hence it is : ain
structural matcrial of plants, . %
its purest natural form is cotton which contains 95% cellulose. It Is
alsoabundant in wood, flase, linen, paper. Its molecule is made up of
about 2000 B-glucose units Jjointed by 1:4 linkage, g

BIOLOGICAL IMPORTANCE OF CARBOHYDRATES.
1. Ribose, (CHO-(CH OH) ;- CH,0H) and deoxyﬁbose which are
aldopentoses, play an impor{ant partin human metobolism. They are
found in nucleus of cells as RNA and DNA and are heredi tory carriers.
2.Sugar and starch (wheat, maize, potato) being important part of our
diet, get hydrolysed into glucose by various enzymes present in
digestive juices. Glucose thus formed Is transferred to cells through
blood. Now
(a) Slow combustion of glucose in cell, provides energy necessary for
our body functions. 2 =
CeH ;0 +60;, —» 6 CO, + 6H,0 +2832 K.J.

(b) The body stores part of glucose for rainy days in liver in form of
glycogen. In case of emergency like illness or fasting, glycogen
hydrolyses to glucose, thus supplying necessary energy.

31 Cellulose is biologically important for animals. Humans cannot
: Etest cellulose because the enzymes required for their digestion are
ol? EuEllresant in our digestive juices whereas they are present in those
o mals. Hence animals use cellulose of grass, plant, bark as their

104 AMING ACIDS

DE
FINI'I‘I(ZDN:- Amino acids are organic compounds containing two

fun _
(Q(gtcl)onla] groups, an amino group (-NHg) and a carboxyl group

— R

| Th ﬂ_ o -, H
| geners formuge o B §H €90
H,

Thug
“lda? having amino (-NH,) group on alpha (&) C, are called c-amino
.‘J 03¢ _ )

gy, Zaving amino (-NH,) group on beta (B) C, are called B-amino
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Those having amino (-NH; group ont gamma (y) C, are called y-amin,
acids.

Examples are -
a
NH
NH, 2
Glycine At

A complete list of amino acids is given in table 10. 1
Table 10.1 : The structural Differences in Amino acids:

__-__-_._

5O
et df Abbreviation Structure of R in H,N
Amino acid ’ h 4..(
Glycine Gly. Non-polar R -H
Alanine Ala. R- -CH, i
-CH
Valine Val. R- 'Cé‘:l, 3
(A) —
-CH
Leucine i Leu. R- 'CH:'ClH 3
CH' /
-CH,-CH
Isoleucine Ile. . R- '(‘:H Tt |
Methionine Met. R- -Cl-l:-CH,-S—C‘—lia/
Phenylalanine Phe. R-. -CH;@?/
H
Tyrosine Tyr. R-. —CH, y
-CH
Try'ptophanc Tl'p- R- L 3‘@
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r-’;:1:;::;0’ Abbreviation + H! E
sminoacid Structure of R in H,N l
" R ' Jj
Proline Pro. R~ - (I)
-fH-—TH, :
HN CH
2 2
=
CH,
(Complete structure)
Serine Ser. Polar R- [ ~CH,-OH
Threonine Thr. R- '?H'OH
CH,
Cysteine Cys. Group R- ~CH_-S-H
) (B) 0o
Aspargine Asn. R- | :
i —CH_-C-NH,
Glutamine Giln R. ('?
; 7 -CH,-CH,-C-NH,
Aspartic Acid Asp. Toup g
R- -CH,-C-OH
Glutamic Acig Acidic O
Ghu. oup :
3; 4 i -CH,-CH,-C-OH
\ x
- Basic i
ysine Lys. 51;!.19 -CH,-CH,-CH_-CH,-NH,
e L
L] o .
g I‘R_ (D)| -CH,-CH_-CH,-NH-C-NH,
-CH,-C=CH
i Basic | |
IS, group HN - N
R- \qi’
5 H
229
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ESSENTIAL AMINO ACIDS:- These are the amino acids which canngy
be synthesized by our body but they are essential for growth of infyp,
and Transmission of impulses in the nervous system. Their deﬁclency
results in many diseases. They must be supplied to our body thyg

ugh
our diet. Examples are:
1. Leucine 2. Isoleucine
3. Methionine 4, Threonine
5. Arganine 6. valine etc.

About 10 amino acids are essential.

Classification:- Amino acids have been classified according to their
neutral, acidic or basic nature.

Neutral amino acids;- These exhibit amphoteric nature. These
contain one basic amino (-NH,) group and one acidic (~COOH) group:

Examples are:

1. Glycine NHCH ;COOH.

NH,
4
2. Alanine CH,~ CH - COOH

 NH,
CHy, |

3. Valine CH- CH - COOH

CH,/

NH,
|
4. Leucine (CH;), CH- CH, - CH - COOH

230 ‘
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NH,
|
5. Isoleucine (CH3), CH- CH - CH - COOH etc
| :
CH,

ACIDIC AMINO ACIDS:-They exhibit acidic nature. They contain one
basic amino (-NH,) group and more than one acidic (-COOH) groups.

Examples are:
NH,

|
1. Aspartic acid COOH- CH - CH, - COOH elc.

2. Glutamic acid COOH - CH - CH, - CH, - COOH
NH,

BASIC AMINO ACIDS:~ They exhibit basic nature. They contain one
acldic (-COOH) group and more than one basic amino (-NHj groups.

Examples are:

NH, NH
|
1. Arginine CQOH- CH —-(CH;);-NH-C -NH; etc.

. ‘sz
| 2.Lysine COOH- CH -(CH;);—NH;

| &:IOLAR NATURE OF AMINO ACIDS (ZWITTERION):-A dipo:?r,
g 2 Put overall electrically neutral fon 15 called ZWITTERION.

Aming acid cidic i.e. ionizes to donate
, carboxyl (-COOH) group is a
b (“"). Where::y an(ﬂno (—Nﬂf)rgroup with a lone pair of electrons

Tes as Proton acceptor i.e Lewis base. Hence amino acids exists
| 8 dipolar jon i.e. Zwitterion than in an unionized form.

| 231
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E - COOH R - CH - COOH
R CIH C S Se i S 1 |
N Hg N H3

Neutral form Zwlillerion

Due to the Zwitter ion form, amino acids are soluble in water byt
insoluble in organic solvents. They are solids. They have high melting
points and donate or accept proton which they react with the medium
in which they are dissolved.

PEPTIDE BOND FORMATION:-Thousands of amino acid molecules
condense together through peptide linkage forming proteins. The
carboxyl (FCOOH) group of one molecule of amino acid and amino
(-NH,) group of other molecule of amino acid interact.by elimination

of H,O molecule to form a product called PEPTIDE and the group
(-CO-NH-) is called peptide linkage.

O
Il

H,N-CH,-C-OH + H- NH- CH,-COOH —7

_for.
. I
HyN-CH, - | C- NH |- CH, - COOH +H,0

Peptide bond de
Protein is polypeptide i.e contains a large number of such peptl
linkages.

ROLE OF AMINO ACIDS IN HUMAN BODY:~ When food containi®é

t
protein is taken, many enzymes act on protein and hydroly¢ by

0 acids. After hydrolysis the blood recelvce:ﬁ‘e: |

rption through the walls of intestine; and 2

(1) The amin one of the following three things may tatl‘:;‘P

2) Oxidatie . 2\d May be synthesized back into body prote™™

3) If the din may take place to provide energy. may b°
sk gtl;s low in carbohydrates or fats, body protei? Jotbes

body necesslu::_ either of these or used to make hormones

completely into amin
amino acids by abso

to cells where

10.5 PROTEINS

T.he : ; ot

ind Withrgﬁu 'Mportant of the known components of living matter isapr
tthat Jife would not b ;

232 € possible,
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oteins are 2 vast c.lass of substances of almost unbelievable diversity in
soth gtructure and function.

Only living beings can synthesize pr oteins, however some proteins such as

puclease and insulin .havc been S}’mheﬂch in laboratory, after putting up
: f labour in terms of time and money. Proteins are made by plants from the
!otO anic substances like carbon dioxide, water, nitrates, sulphates and phos-
mor‘ges Animals are unable to prepare proteins from inorganic material, there-
hi ll;ey are dependent on plants or other animals for their source of die-
o coteins and do synthesize their own proteins from the simple or-

ganic molecules.

Other elements such as phosphorus, calcium , and iron may be the “Sef“‘ai_
constituents of the some specialized proteins. e.g Casein, the main protein O
milk contains calcium and phosphorus and haemoglobin is the iron containing

protein necessary for the process of transportation of oxygen in the body. The

relative high concentration of nitrogen in protein differentiate proteins from .

fats or carbohydrates.

The molecular weight of the protein molecule varies from protelln t::v grc;t::)r;
depending upon its source, and nature. For instance the molecular weig

. lar weight of the
: A is about 43000 and the molecular We ;

e Obm'm?d;(l)'ommmeiig general the molecular weight of protein ranges in
serum albumin 1s /0, remember that 1 dalton= 1 a.m.u (ato-

between 34000-50,000,000 daltons, iin(0i0-
: building units ol pr

Amino acids may be considered as :

%ﬁmt?ﬁigare h;d?glysed with dilute acids, a mixture of alpha amino

g . Proteins, accordingto the recommendation of

joint committee of the American Society of Biological Chemists and American
Physiological Society, are classified as:=

g ' i d each
: ¢ : Proteins 3.Derived Proteins and ¢:
i i ?..((I:c:inggtg: tsz?reral classes on the basis of their physical
groups are subdivide heat coagulability.

and chemical properties, like solubility and

.« which on hydrolysis yield only
* Simple Proteinsi= All (ho%¢ P’ﬂ‘;’:ﬁn‘;le proteins. These are further

md: or :1;?;:8 ‘if,ﬁf]ffi‘rm;if}‘::"““’ i solubility and coagulability. e.g
.]humin.'

ter soluble proteins and may be
D e Thle:;a: b concentration qf Ammonivm 51:1]-
HisEDiated from so 1 examples are egg albumin, serum albumin,

h at, : .
Ecglebf:ﬁaf%:::f: a?,’,'uh,f,in), and leucosin (wheat albumin).

233
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b Globulin:= The globulins are insoluble in water but soluble in (5%
§4;Cl) dilute salt solution and are coagulzz.tcd by heat. Insolubie in higher
concentrated solution at 30-50% saturation examplcs_are g8, globulin,
serum globulin, myosin (muscle globulin) and amandin (almonds),

(c) Glutslins:= These proteins are insoluble in neutral solution by
soluble in dilute acids and alkalis, Coagulated by heat, examples are
glutenin in wheat and oryzenin in rice.

(d) Gliadins (Prolamine):- These proteins are soluble in 70-80% ethyl
alcohol and insoluble in water or absolute ethyl alcohol. Typical
prolamines are gliadin (wheat),hordein (barley) and zein (Maze corn),

(¢) Albuminoids:= The albuminoids are insoluble prgteins in the sol-
vents mentioned for the above proteins and are dissolved only by

hydrolysis eg; keratin in hair, horn, feather, nails, casein and collagen

(tendons and developing bones).

2. Conjugated proteins;— Conjugated proteins are composgd .of simpll)e
roteins combined with non-proteinous substance. The non-proteinous sub-
gtancc is usually called prosthetic group e.g Haemoglobin, cytochromes,

lipoprotien.

234

(d) g_llmmgzn:mﬂnﬁ:'l'_hese proteins are coloured due to their pr

(a) Nucleo-proteins:=These proteins consist of basic prote_:?r:; (Ct:::;
posed of basic amino acids eg; lysine and arglmnc)assocxat_cdwi nuc i
acids. Theyare present in the nuclei of living ce.lls andsolublein ;sotoun;e
salt solution. These in true sense are not conjugated proteins beca
nucleic acids are not the prosthetic groups of the protein.

i in combination with car-
Glyco— proteins:= Such proteins are in €0 1 wit :
g))hydratc moieteis, including hexoses, hexosamine, hexuronic acids.Fo
instance mucin in saliva and mucoids in tendon and cartilage.

| ¢ i itellin in
Phospho-proteins:— Proteins like casein from milk §nd vitellin 1

E:;)g-yolk, are examples of phospho-protein which contain phosphoric
acid in their structure. =

: - contai
thetic group (non-protein group). For instance h:“;‘&i‘;ffcon i
haeme an iron containing protoporphyrin an e
carotenoid pigments in wool, feathers and skm pro e
(¢) Lipo-proteins:— Membrane proteins and afupﬁzem,ufe‘;:haﬁﬂ and
lipoproteins chemically and are com. of lec
cholesterol with simple proteins.

: -
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3. Derivedproteins:— As the name implies, the proteins li
eptides and proteoses are not naturally occurri proteins like peptones,

dered as prptein der.ivatives obtained by action
. ents and various physical methods applied on sim

: le and conjugated protein
which result in above substances of different sizef it i i

The proteins can also be classified on the lines of their functions:
Table 10.2 Classification of proteins based on their functions.

ng proteins and may be con-
of enzymes,i.e chemical ag-

Name of Protein Function Examples
Enzymes Biological Cat_ﬂl}'ﬂ Amylase, protease: e.g. pepsin
They catalyze biological | and trypsin,Catalyzes the breakdown of
reactions proteins in stomach. Lipase and oxido -
reductose.
Structural proteins | Provide structural sup- Collagen, Keratin e.g proteins of
port in tendons, bones hair, feathers, collagen e.g connec-
and muscles. tive tissues of muscles, silk, chitin.
Storage proteins [ Store iron and other sub- Ferritin stores iron in spleen.
stances.
Transport proteins Bind and transport Haemoglobin and albumins,
specific moleculesin
blood, like oxygen and
lipids
"-—-.__.____
Respiratory proteins | Helpiin the respiratory Haemoglobin, cytochrome,
system. haemocyanin, myoglobin.
\
Hormones Regulation of metabo- | Insulin and glycogen, regulate glucose
lism. aﬂd fal mtabOhSln.
\\ ;
Contracs: .
Hactile Proteins | Perform contraction and Myosin
B movement of the muscles.
An . i . .
nbodles Proteins formed in Globulins and ?'-glObllllns
response to antigens
B the foreign bodies.

235
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Pentlde Linkage Or Peptlde Bond:= The amino acids In proteln molecyleg ‘
are united through an acid-amide type bond, called peptide bond or pepiigs

linkage. The peptide bond is formed whenthe am.ino group attached tox—carh.
on of one amino acid gets linked covalently with the cat.boxyl BrOUp attas.,
hed t0 «~ carbon of another amino acid through the elimination of watey

molecule. ‘This type of linkage is illustrated by the condehsation of alanins
and glycine molecules which give glycylalanine.

peptide linkage 4
|
i T TR
H-cl:-c- OH+H -1]:-(‘:-(:0014 e H-ci‘ -r~ll -(l:-coomﬂ,o
NH, H H NH, HH
Clycine Alanine

Glycylalanine

Since glycylalanine

: is formed by joining of 2 molecules of amino2dds
through 2 peptide bon

 peptide bond 0 it is called DIPEPTIDE. The combination o
three amino acids will yield tripeptide, In this way when several amino acids
are combined through peptide linkages,a substance so formed would becalk
ed polypeptide.

Polypeptide chains are unbranched chains and there may be more thandts
polypeptide chains in protein molecule e.g. insulin has two polypeptide il
Each type of protein molecule has specific chemical composition mol¢
weight and the sequential order of the amino-acids united together

Molecular weight of water soluble Proteins is very high.
10.8 LIPIDS

y
Senerali= Liplds are fats and fat like substances. They ar¢ nawﬂuﬂ |

occurring group of heterg with only one®®
property namely thelr solgemous compounds

ubllity In Bloor's Reagent which it oz
'ch solvent ether (l.e dlcthyl etlt'aycrl and ethyl alcohol in & ﬂi‘wﬂ‘” |
b :ymost]y contaln carbon, hydrogen and oxygen 88 th e
-rl'-; some contain nitrogen and phosphorus as well: ¢ of ¥

PES OF LIPIDS:- Bloor classified liplds on the ba5 |
structures as:

l
(a) Simple Liptds (v) Compound lipids and (c) Sterolds J
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 simple Lipids:- They include naturally occurring (1) Oils and fats

es.
e nd Fats:= Oils and fats are of either animal or vegetable
gin. They provide energy for different metabollic activities. Chemi-
ally they arc triester of glycerol with fatty acids hence they are also
lled triglycerides or triacylglycerol,

Fatty acids are naturally occurring long chained saturated or
msaturated carboxylic aclds with 12 to 20 carbon atoms. They are
stained by the hydrolysis of oils or fats.
| The main aclds commonly forming oils and fats are:

ACIDS FORMULA NATURE
() Palmitic acid C,sH3,COOH Saturated
() Stearic acid Cy7H;sCOOH Saturated
) Oleic acid Ci7H53,COOH Unsaturated (One
double bond)
W Linoleic acid C,,H;,COOH Unsaturated (Two
double bonds)
W Linolenic acid | C,H,JCOOH Unsaturated(Three
: double bonds)

| Essential fatty acids are those fatty acids which our body can not
"ihesize so they must be taken as diet. All essential fatty acids are

: u‘mﬂahlrated le
| Wlnolelc acid (G, H,,COOH)
| [mlunolemc acld (C 7HyCOOH)
chidonic acid (CpHs COOH): etc.

e function ¢
- s of essential fatty acids are:
(‘J'lhey Prevent deposition of cholesterol in artries and veins.

by,
€Y help in reproductive functions and blood clotting.
ufm:;?‘ﬂency respults in (a) loss of weight in children (b) development
a,

l‘:"‘l:;;:e esters of glycerol with unsaturated fatty acids such as oleic,

ar:n d linolenic acids.

Yeary Esters of glycerol with saturated fatty @
c

t cids i.e palmitic and
Clds ete,
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The general formula for olls or fats l.c TRIGLYCERIDES |g

CH, - OCOR

I
CH-OCOR [Where R’ and R" are higher alkyl radicals,

| having same or different number of ¢ =atoms)
CH, - OCOR"

When all the three hydroxyl (-OH) groups of glycerol are esterified with
same fatty acid, the triglyceride is known as simple glyceride or
simple triacyl glycerol. i.e

CH, - 0~ +HJOC~ C;sH,, CH; - 00C~C;5Hy,
| |
CH-0-H+HQOC-C;gHy; ———— CH~-00C-C,gH,, +3H,0
| I

cnz—o-—Emg’oc- CysHay CH, - 00C-CycHj,
Glycerol  Palmitic acld (3 molecules) Simple Glyceride (Tripalmitin)
(A wax)

When all the threc hydroxyl (~OH) groups of glycerol are esterifled bf

different fatty aclds, the trester | d
? s cal mixe
triacyl glycerol, examples are; led mixed glyceride or

CH,~00C-C\,H,,

[ CH: T OCO .- CuH;s .
' |
(I:H" OOC"‘ ClsHm CH— oco_clsl-[ﬂ
|
CHz -00C- C"Has CH,-— OCO-CISH;;]
Oleo-palmilo-gt
An Ordinary oil or fc:rin Stearo-dipalmilin mld‘ed
glycerides, atls amixture of more than one stmple”
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i ;
DIff W Si= Chemlcally there Is no difference
petween olls and fats as they are naturally occurring esters of long-chain

carboxylic aclds and glycerols and are called TRIACYGLYCERIDES.
The difference Is only of physical state:;

() Olls are liquids at ordinary temperature (m.p. below 20 °C), while
fats are solid (m.p. about 20 °C). Actually a substance may be fat in
one season and oll In other season e.g coconut oll.

(i) Cils contain higher proportion of glycerides of unsaturated fatty
aclds while fats contain high proportion of glycerides of saturated fatty
aclds.

Drying and non-drying oils:~ Drying oils contain large number of
glycerides of unsaturated fatty acids as linolele and linolenic acids.
When exposed to alr they undergo oxidation whereas double bonds
open up forming peroxides which then polymerise to form a dry, hard
tough film,

Non-drylng olls contain negligible amount of glycerides of unsatur-
ated fatty aclds. ’

Rancidification of olls and fats:—When olls and fats are left exposed
to warm, molst air for a long time, they glve off offensive odour and
become off-taste. This processIs called rancidiflcation. Rancldlfication
Isdue to (i) hydrolysis of ester linkage to give original fatty acld of sour
taste, and (1f) Oxddation at double bond forming volatile aldehydes of
bad odour,

iangniﬂgaﬂgn of olls and fats:= Hydrolysis of olls or fats on bolling
With a solution of strong alkall (NaOH, KOH) to form sodium or
Potassium-salt of long chaln fatty acld (SOAP) alongwith glyccrol, is
°la"ed saponification, It is the reverse process of esteriflcation of
Elycerol,

CH,-0-C-R
c CH,-OH O
Il l S
CH -0-C-R + 3NaOH—— CH —-OH + 3R- C -O Na
¢ l Soap
" CHz"OH
CH,-O—C—R s
Tﬂalrcartdc (ol or ral).
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Analysis of oils and fats:= Quality and purity of an oil or fat s judgeq
by the following values:

(i) Acid value:= It is the number of milligram of KOH requireq t,
neutralize free acids in one gram of oil or fat.
(ii) Saponification value:- It is the number rOf milligram of KOH
uired to complete saponify 1 gram of oil or fat.
rueiqn Iodine vglugp;-lt is the number of grams of iodine absorbed by 100
m. of oil.
%2) WAXES: Waxes are naturally occurring esters of long-chain
carboxylic acids (Geor greater) with long chain alcohols (G gor greater).
They are low melting solids, having a waxy feeling.
They arc of two types:

(1) True Waxes:— Theseare simple lipids. Commonly found true waxes
are:

(i) Bees wax C,Hy, = COO - Cyetys

(ii) Spermacetic C,H, = CO0 - C;Hy

from oll of sperm whale) 4 and
(ii) Noniﬁug ngpgs;- They are esters of cholesterol, vitam::n ? and
vitamin D. Waxes usually form protective covering h;ng nsecds
animals. They protect living organism against bactt‘ariélc‘NJU GATED
(B) Complex Lipids:- These lipids are also known as s (whl ch M
LIPIDS. These are esters of glycerol with two fatty aci ?.m ! sucha;
be saturated or unsaturated) and some other com}?:sphof‘h acl
carbohydrate, amino acid, amine derivative, P J
H, PQ,) residue, protein, etc. hosph?
[Sll:',np(l)(‘;st. comple?c lipid is PHOSPHOLIPID which is P

rivative of glycerol of gencral formula.

de

CIH - OCOR

CH-OCOR
|

I ﬁ?
CH-0O- Il’ - OR"
OH
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Three major types of phosphollplds In human body are:
() LECITHINS (1) CEPHALINS (if) SPHINGOMELINS.
structure of lecithin Is shown bLelow:

CH,~COO- C;; Hy,
|

? CH,
ol
CHy- O - P -~ O-CH,~CHg~ N CHy
| \
OH CHj
{Lecithin)

The carbohydrate derivatives of lipids are called GLYCOLIPIDS.
The protein derivatives of liplds are called LIPOPROTEINS.
Most important function of phospholiplds is particlpation In the

formation of cell membranc,
[c) Steroids:= Steroids are the non-saponifiable lipids which contaln

the following ring system.
1, CHa

c
CH,
CHs CH,
OH '

Some of the common sterolds are:
l I It Is the most common sterold found virtually in all

nimal tissyes, in the blood, brainand also spinal column. Where
'n execss, it deposits in artcries and restricts blood flow causing heart

ck,
It Is a derivative of cholesterol. Its sodium salt is

und in bile. It 15 an enzyme. It breaks down fats fnto fatty acids.

mn-hnuimﬁ___.mls sterold controlls the sexual development

“4 functioning of body.
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- 10.7 ENZYMES

A class of proteins which catalyze all types of biochem
as digestion, respiration, muscular contraction and metab
the living organism, arc called enzymes.

ical reactiop,

olism % Sugh

These Biological catalysts 4o not only accelerate the ra
also drive a reaction to completion which normally does
temperature. For instance conversion of starch into glucose
only possible when it is boiled with hydrochloric acid soly

‘amylase’ convert starch into glucose at room temperature
acid or heating.

te of reacion,
NOt oceur at 1o
in the laboratory
tion while en

without the helpof

Enzymes are only synthesized by the living cells and do not necessariy
require cells for their reactions,

Enzymes are catalysts because these modify the speed of a reaction and do

not appear as the part of a product. At the end of the reaction these &t
regenerated unchanged and take part again and again.

A reaction before it can

= roceed, requires some form of energy, it may b
heat which is provided from { q gy, it my

& the external sources, is called energy of activatio®
=Nzymes lower the amount of activation energy far more efficiently than e
::E;gamc catalysts and therefore, catalyze the reaction at lower tempe”

For example 18 K cal/mol of H,O, is the activation energy needed
decompose H, 0, S

% into H,0++ O, in absence of catalyst. This valuclslo'-;: d
g;);i:; ut;)n .13”111( cal/mol in pre’sencc of iron; and_llK caIJm?l . p;d'::e':':slhis
ereas enzyme "CATALASE’ obtained from liver, T 7.0,
eRergy 10 less than 5 K cal/mo] of H,O, and catalyses breakdown it
HO + O, atroom temperature,
All'biological reac
enzyme by living ce]] i

iesis
tions are enzyme catalyzed even the biosy?
S catalyzed by the enzyme.

orl0
i cofact® (¢
. i quire a non—protein component called 3 a7y ™
;E::las?l:lc{:is cvity. Cofactors may_%e bound pzrmanenﬂy to the :and“"
r - - -
ions. group) or may form transient associations €.g €0°

sucl??:fx:i?:cdiﬂemm €nzyme molecules catalyze the same chem!
S of enzymes are called isoenzyme.

(2]
o . olccu
m(;cgldm €NZymes are in the form of inactive protel'n;;"'“ /pog
Zymaogen or Proenzyme e:g.(pepsinogen—» pepsin. Tryps=

242 Sugar less
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Nomenclature;= The substance on which the enzyme acts is called the
qubstrate of that enzyme. And enzymes, according to trivial nomenclature
systems are named after the substrate by adding "ase’ to the root of the name of
the substrate e.g sucrase for sucrose, lactase for lactose and urease for urea.
Certain enzymes such as pepsin and trypsin, present in stomach and intestine
respectively are protein hydrolyzing enzymes and their trivial names are

retained as such. However according to general analogy, these are called
"Proteases”. '

The naming of individual enzyme through trivial system after putting ‘ase’
at the substrate as mentioned above do not accurately describe the nature of
reaction to be catalyzed by that enzyme because some of the enzymes catalyze
differently using same substrate. Therefore a systematic nomenclature has been
adopted which also denotes the nature of enzyme catalyzed reaction. According
to this system, the name of the enzyme is established after using suffix "ase" to
the name of reaction catalyzed by the enzyme instead of its substrate e.g
Dehydrogenases, that catalyze dehydrogenation of their substrates.

(|:H3 De?gtate (EHJ
H-C_OH ydrogenase —_ ~_

(Ijo_o -H, (|ZO_O

Lactate Pyruvate

Qxidases:~ Enzymes that catalyze oxidation of their substrates.

Ho Oxidases

2 2

= HZO +';'Oz

: H!dmmﬂﬂ_': Enzymes that catalyze the introduction of hydroxyl group
M0 their Substrates, i

Carbonic
E.g CO’ + HOH — H3CO.
hydroxylasc

h 243
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Oxygenases:— Enzymes that catalyze the incorporation of oxygen molecyle
into their substrates.

Transferases:- Enzymes that catalyze the transfer of a particular group
between two substrates.

Classification:- According to the recommendation by the commission on
enzymes of the International union of Biochemistry, a classification of the

enzymes is established on the basis of the type of the reaction catalyzed by the
enzymes.

Enzymes are divided in six major groups or classes, as given below:

(1) Oxido-Reductase:- These enzymes catalyze the oxidation and reduction
reaction.

Alcohol dehyd
e.g CH,.CH,OH e .~ CI(.CHO+ H,

Ethyl alcohol Acetaldehyde

(2) Transferase:~ These enzymes catalyze the reaction of group transfer
from one substrate to another.

Carnitine acetyl
e.g (i) Acetyl-COA + Carnitine —r20Sferase _ ~a 4 Acetyl camitioe

. rase
Aspartate aminotransfe
(ii) L~Asparticacid + 2 oxoglutaric acid. pa .

Oxaloacetate + Glutamic acid

(3) Hydrolases:~ These enzymes catalyze the hydrolytic reactior

2 Amylase ;
e.g (i) Amylose vRo——— Glucose
2 . Protease 3 g
(ii) Proteins S0 T Amino acids
(i) Lipids — P3¢ Fauty acids +Glycero!

2

(..J
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(4) Lyases:= These enzymes catalyze the addition of groups to double bonds
or vice versa.

: Threoni
e.g (i) Threonine e Glycine + Acetaldehyde

Acetoacetate decarboxylase
3

Aspartate ammoniase

(iii) L-aspartic acid

~ Fumerate + NH;

(5) Isomerase:~ These enzymes catalyze the reaction of isomerization with
the result that an intramolecular rearrangement occurs.

: Alanine racemerase :
e.g (i) L-alanine > D- alanine

ADI.’ Glucose —» ADP - Galactose.
epimerase

(ii) ADP- glucose

i ion of two
(6) Ligases;- These enzymes catalyze the reaction of condensation 0
molecules using energy derived from cleavage of other molecules such as ATP

(Adenosine triphosphate).

vate carboxylase
(i) CH,.CO.COE) + CO,+ATP By > Oxaloacetate + ADP

Acetyl - COA carboxylase Malonyl-COA+ADP

(i) Acetyl - COA +CO, +ATP

o time loge iy activity. 2-They become inactive

Ulate g - o &
Protein material.3.Excessive e :
| o rated solutions of inorganic acids will stop the activity of an enzyme i.c.
the o > reatments which affect the protein structure would also destroy
Ce tica CﬁVi[y,

The e .o . .
the Nzyme activity remains wit

“NZyme. This active centre com

h the active centre in protein molecule of
bines with the substrate and starts the
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reaction, that is catalyzed by the enzyme. Similarly thisactive centre if combineq
with some other substance which is not the real substrate could destroy the
activity temporarily or permanently.

3. Asitis observed and as mentioned above that every substance has jts guy
enzyme 1o catalyze its change, therefore enzymes are supposed to be specific
for a particular substrate. For example lipase will hydrolyse lipids and has no
cffect on carbohydrates or proteins.

Factors That Influence The Rate Of Enzyme action:— Temperature and pH
of solution are important factors which control the speed of reaction.

1. Every enzyme has optimum temperature at which these show the maxi-
mum activity and most of the cnzymes present in body show their optimum
(maximum) activity between 37°-50°C, beyond this temperature enzymeslose
their activity permanently. However at lower temperature enzyme does lose iis
activity and will resume its activity when its temperature is again raised.

2. pH: The hydrogen ion concentration also influences the rate of‘catalylic
activity and therefore every enzyme has its own optimum pH at \.vh:ch lh‘.slc
show maximum activity. For example the optimum pH for pepsinis 16, while

trypsin shows optimum activity at pH 8.2; which are provided to the enzymes i
stomach and in intestine respectively.

3. Other factors, for example, enzyme concentration, substrate conceaté

tion, nature of the products formed, presence of certain ions, effectively contS
the speed of reaction.

10.8 VITAMINS

. - 'aﬂd
Vitamins, also called accessory food factors, are organic substan::S 1y
quite different from carbohydrates, proteins and lipids. These 8¢ “° gy

o R RN BT N

¢ - te ené
available to the body from the diet we take, for the purpose 10 regula
transformation and metabolism.

form®
Vitamins are effective in very small amounts, and none of mcsc:n' c,ourff"
in the body and must be obtained from animals OF par ed from b
However, the exceptions are there; for instance vitamin A" 1S for:!;n
pre-cursor carotene, vitamin ‘D’ by the action of ultra-violct PKEP gimilarlf Lo
Thebacteriain the intestine synthesized folic acid and vitamusl 3
can synthesize vitamin ‘C’ and therefore do not develop scurvy-

|

|

J
O A
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t vitamins are different from cach other in their chemical composition and
| function and have been synthesized or isolated from their plant or animal

sources.

Vitamins are chemically unstable under adverse conditions of heat, light and
oxidation (espemally inalkaline medium)strong acids and aging hence they lose
their activity.

Nomenclature:— Vitamine, a word derived from (Vital + Amine); and since

all-t_h_cse.subs.tances were not amines, therefore Mecollum proposed termi -
nology vitamin by dropping (e) from vitamine.

Origipally. these substances were commonly known by letters of the alphabet
such as vitamin A,B,C,D,E K.

After understanding the composition and chemical structure of these
vitamins, their alphabet nomenclature is being replaced by their chemical
names.

Classification:~ Vitamins are classified on the basis of their solubility.

1. The vitamins which are soluble in fats or in fat solvents are called fat
soluble vitamins and are usually formed associated with lipids of natural foods.
Vitamins A,D,E, and K are examples of fat soluble vitamins.

2. The vitamins which are soluble in water are known as water soluble
Vitlamin and are observed in the juices of fruits, their examples are ‘B’ complex
Vitamins and vitamin ‘C".

Vitamin — A (Retinol)

HC CH,H CH, H CH,

CH,

Vitam;
’Pecia;;l%'.‘ It is found in fats of milk, eggs and liver fat. Fish liver ocils
Y ¢od liver oil is the chief source of vitamin ‘A’.

247
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ils and fats e.g olive oil, linseed o

Vitamin Ais absent from Vegetable 4 m these oils is Supp]emcmw ‘

' i e fro
sunflower oil, ground nut oil. Margarine mad
. - . re.
::amin A during its manufactu o
"o ; cursor form as provitamin A. These

. 3 in a pl'e
In plants vitamin A occurs i © ted hydrocarbon called carotenes,
precursors belong to a family of Plgmcif“’e phyziologically and two molecules

i t act
B-Carotene,the hg:;::;;??gf:;’n::: derived by cleavage of the hydrocarbonat

of vitamin A, in a
the central bond.

== 2Czo H!s OH

CaoHsa + 2H,O—

Carotenes are found in green vegetab]es and carrots. These aré converted
to vitamin ‘A’ in the intestinal tract of animal.

A deficiency of vitamin “A’ causes night
ultimately leads to xerophthalmia.

Daily requirement is around 1000 . of retinal.

The main function of vitamin ‘A’ is to form visual pi
nutrients across the cell membrane. v
‘D’ i416):—= Chemically, vitafmn : ot
The active vitamin was proved to be calciferol which clt::ﬂ; ;3: radiaio® T
rovitamin ergosterol, a plant sterol, by the ultrawocmlesmol‘ hich |
grovitamin in animals was shown to be f-dehydro

irradiation gave rise to vitamin D, .

blindness in early stages and

gment. It (ranspors

HO Vitami? Ds
HO

Calciferol ( Vitamin D;)
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It is crystalline in nature and controls i i
phosphorus in the body. If the diet does ng;csl?;;tl;bg;ssr?ig:n?:fmt:g atged
depletion of calcium and phosphorus takes place. Deficiency of this vitamin
causes teeth qecay, softness of bones, continued deficiency leads to the disease
{nown 85 ".chk.etS". .Because of this reason, this vitamin is known as "An-
firachitic” vitamin. Rickets generally occurs in the early stages of growth of a
child. Excess amounts of vitamin D are also harmful and cause loss of appetite,
hickening of bones and calcification of joints and soft tissues.

Daily requirement of vitamin 'D" is 7.5 . g of calciferol. The main sources of
vitamin ‘D’ are fish oil, liver,

Yitamin ’E’ (Tocopherol);~ Like vitamin ‘A’ and ‘D’ vitamin Eis soluble in
fat §olve1_1t§ and insoluble in water. It is resistant to heat (upto 200°C) but fairly
casily oxidized and destroyed by ultraviolet rays.

CH,

3

CH, .

&~ Tocopherol

The presence of all three methyl groups attached to the benzene ring is
for its full activity.

Dietary requirement per day is 10 mg.

Vitamin E is found in 1 tables, oils and wheat grains. It is
: green leafy vegetables, oils al grains
"*Quired for the maintenance of cell membrane. It maintains normal physiology
. © Muscular and vascular system. Its deficiency causes fragility of red blood
u_vHaemO]YSis of R.B.C. and declines in respiration.

'K’ ;= The vitamin isolated from

Ualfa apq from putrefied fish meat is called vitamin ‘K",
0

] 0
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Dietary requirement per day recommended is 70-140 wg. This could pe
acquired from green vegetables.

: in and other blood clotting factors in |
It helps the synthesis of prothrombm and ot | iver,
Its deﬁcizncy causes the failure of blood clotting mechanism.

Vitamin ‘B’ Complexi= A group of water soluble vitamins obtained frop
liver, yeast and other sources are found effective for growth, and appetite,
reduce sugar content in diabetes, help in treatment of the various infections

and are collectively known as vitamin ‘B’ complex.

The nutritionally important vitamins acquired by the body, through various
sources of food are B, ,B,,B, Niacin or Nicotinic acid, and vitamin B,, (Cyan.
ocobaltamine).

- Thiamine:= (Vitamin B,, antineuritic factor, aneurin) Chemically, vitamin
B, is made up of pyrimidine and thiazole residues.

NH, 02 CH,
CHQ\
N | ﬁ/\ CH,- CH,- OH
\/8
N

Thiarine |

H,C

. Thiamine (B, ) is present is almost all types of food material but its wmelil
is very small. It is abundant in liver, kidney, whole cereal grains, nuts, ¢25 :

fruits and legumes. By improper cooking and too many washings
present in these food material could be 1ost.

. . . aw
Vitamin B, is useful for growth, used as coenzyme in carbohydrat® i ceh

lism. Its deficiency leads to beri-beri, heart failure, and mental dis‘“'.br:nmcnl

digestive disturbance, loss of weight - ion Daily reqV
recommended is 1.1 - 1.5 mg, ght and causes constipation.Dally
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Riboflavin (Vitamin B,) or Lactoflavin: Riboflavin is also called vitamin B,
the following formula

has
CH * CHOH -CH -OH -CHOH -CH, OH

F

Riboflavin (6:7 dimethyl —9—D- Pribitylisoalloxazine)

Itis found in milk, egg, liver, leafy vegetables, whole meal flour, fish poultry.
Riboflavin is relatively heat stable but destroyed by light and disappears from
milk when it is kept in sun light.

Its deficiency leads to inflammation of the mouth, tongue and also causes
eye diseases anaemia and shapes poor general health.

Daily requirement is prescribed as 1.3 - 1.7 mg.

Vitamin B~ Vitamin B¢ chemically it belongs to- pyndoxme and is wid-
ely d15tnbu1ed in all plants and animal tissues, cereal grains, wheat grains, milk

and eggs.
CH,OH

HO—7 - CH,OH
i\
Pyridoxine

Itis required by the body for its metabolic acti\.rities in form of coenzymes
T aminoacids and fatty acid metabolism. Its deficiency causes skin glsorders.
Daily doge js 2.2 mg. It loses its activity in presence of sun light and air or heat.

Nlcotlnlc acid (Niacin):= This compound is used as vitamin and is derived

from h the pyridine,
A\
\N N

Nicotinic Acid Nicotinamide
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Liver, meat, yeast and peanuts are the good sources of nicotinic acid, |y i
stable towards heat, light, acid and alkalis.

Its deficiency causes mental disturbances, diarrhoea, skin lesions pellagrs
(gastro intestinal) disturbances.

Daily requirement of Nicotinic acid is suggested as 14-19 mg.

Vitamin rbic acid):= It is abundantly foundinmost of the fres_.h &Eiu
such as orange, lemon, grape fruits, straw berries and guava. In vegetables it is

present in tomato, cauliflower, cabbage and potatoes. It is absent in meat, egg
and fish.

It is soluble in water. It is easily destroyed by heat and oxidation, washing of

vegetables and improper cooking specially in materials of iron, copper. Quick
frozen food does not destroy vitamin C.

Deficiency of vitamin C lawers the body resistance to infection and causes
bleeding of teeth. Its deficiency in severe cases causes anaemia and scurvy.

Chemical formulais C 3 }-1!‘0e
Structure is as follows,

¢-0 |
c:‘-on
D O = CH,O,
:
HO-C-H

I
CH,OH

Ascorbic acid

g . . su
Eu.uﬂms:.; It is essential to the formation of intracellular ?cme:‘:]pslﬂ
stances in variety of tissues, including skin dentine and bone matrix-I¢

. e 3b5‘
healing of wounds and fractures of bones prevents scurvy and facilitates
orptioh of iron.

10.9 DIGESTION OF FOOD

c
e
The food of animals and human consists of compleX 0 gsﬂb' |
substances such as carbohydrates, fats, proteins etc . ipat
stances as such cannot be absorbed by cells hence it is neces® = intd |

our body mechanism must change these complex rples
simple absorbable form.
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ion:— It is the process of breaking down of food mechanically
and chemically into simple water soluble units, suitable of being
absorbed into the body fluids.

In human digestion and absorption of food occur in the alimentary
canal WhJCI-I is about 9 meter long. The digestion is extracellular within
the gut cavity and mainly is the enzymatic hydrolysis of food.

Different parts of alimcntary canal perform thelr specific action
in digestion as follows:
(a) Digestion in mouth (Buccal digestion):- The digestion of man
starts in mouth. Mastication and chewing of food by teeth break the
food into smaller particles and the tongue blends them: SALIVARY
GLANDS in buccal cavity are stimulated by sight, smell and taste of
food, which secrete saliva. It is slightly alkaline fluid containing 90%
water, a lubricant MUCIN and enzymes AMYLASE also called
PTYALIN.

The saliva performs the following functins:

() It lubricates the food.
(ii) Its enzyme PTYALIN hydrolyses starch to maltose.

Starch Amylase _, Maltose
pH =7

No digestion of lipid and protein occurs in mouth. The action of
tongue and cheeks mould the food into a ball (the bolus) and pushes
it towards pharynx from where it is swallowed into the oesophagus.
The food moves down tht oesophagus by peristalsis towards the

Stomach,

igestion in Stom astric digestion):~ The stomach is the

first region of gut where any significant digestion of food takes place.
It is a muscular bag with inner folded membrane called GASTRIC
MUCOSA which secretes GASTRIC JUICES which contain:

0.5 9% Hel
W) Enzymes: (a) Inactive PEPSINOGEN which is

) Gastric LYPASE

RENIN only in young children
) Lubricant MUCIN, it lubricates gastric mucosa and prevents it

from corrosive action of HCIL.

S
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' forms the following functions;
Hydrochloric acid per .
(a) It provides necessary pH (1 to 2) for enzyme action.
lb; It acts as antiseptiC and kills bacterla present in food,
(c)It chs;nges inactive enzymc, PEPSINOGEN to its active forp,

PEPSIN.
(d) It dissolves collagen. splits nucleoproteins and some other compley
the food soft.

d makes
m;)l:wiljs a::i 1 of gastric uice:- Except for a limited hydrolysis of

i i lace in stomach
ajor digestion of carbohydrates takes p .
SUCI'OSIE;:;;:; ‘}ypas% acts upon small amount of lipids to produce

saturated fatty acids and glycerine. Ducto low pH, lypase can not play

important role in hydrolysis of fat.
& gnzy'mc PEPSIN commenccs the breakdown of protein into

simple proteins i.c Proteoses and Peptones called Polypeptides.

Protein + H,0——2t— Proteoses *+ Peptones|

Juble milk
RENIN is active in stomach of babies. It changes sr;: ;?N r

; d protein, CAS
protein CASEINOGEN into insoluble cur (uble
then combines with calcium ion [Ca.2 9 in milk to IOMPEE;W-
semisolid CALCIUM CASEINATE. It is then converted to
TIDE by the action of pepsin.

CALCIUM Pepsin POLIPEFT2
CASEINOGEN _ suu | CASEIN  ca* . CASEINATE ==

(Soluble) " (Insoluble)

The chumning movements of the wal q
mixes the food with gastric juice and changes it intoas The chym® .
called CHYME which gradually enters the duodenum- RIC SPHING'
periodically allowed to leave the stomach by way of
TER muscles.

... puod®

n .

num is the first part of small intestine. It 1s the main seat?
It recelves three digestive juilces:

(i)  BILE from liver.

() PANCREATIC JUICE from pancreas
(i) SUCCUS ENTERICUS from the duod
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(1} BILE:= Bile is an alkaline (pH 7 to §) greenish fluld produced by
nglst (:3;31122 ::;frl:?y]nslzd '{he digestive components of bile are BILE
a

o, Function o b”:r:r %l:ycocholatc (b) Sodium taurocholate

(a) It neutralizes the acldic chyme,

(b) It provides alkaline medium for action of enzymes of pancreatic
julce and succus entericus.

() It emulsifies the fats, oils, lipids changing them to numerous
small droplets thus providing large surface area for the action

of enzyme.lypase.

| REA E:= This julce contains four cnzymes. Their

functions are as follows:

{al Pancreatic amylase:~ It completes the converslon of starch to

maltose,

(b) Pancreatic lipase:~ It changes lipids to glycerol and fatty aclds.

[e) Trypsin:~It is produced in an inactive form trypsinogen. It changes
peptones and proteoses into smaller polypeptides. |

{d) Peptidases:— It releases free amino acids from polypeptides.

iif) Succus Entericus;- It contains following enzymes which com-

Plete the process of food digestion:
:— It activates.trypsinogen and changes it to active

form trypsin.
[b) Erepsin;:~It changes remaining protelns (polypeptides and dipep-

tides) to amino acids.
(¢) Maltasc;~ It converts maltose to glucose.
ucrgse:~ It hydrolyses sucrose to glucose and fructose.
:= It changes milk sugar lactose to glucose and galactose.

mﬂllﬂg_u_gg__ It converts DNA and RNA into phosphate, ribose sugar
and different nitrogen bascs ete.
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10.10. ABSORPTION OR ASSIMIY A
After digestion, the water o

villus is constantly contracting and relaxing and in doing so aids
transport of nutrients which enter the caplllary vessels and lacteals
(lymph vessels of villi). The monosaccharides mainly GLUCOSE and
AMINO ACIDS are directly absorbed into the blood capillaries. Fatty
acids and GLYCEROL enter the lacteal vessel. Mineral salts, vitamins
and water are also absorbed by small intestine.

The outer surface of the EPITHELIUM, lining the small intestine has
lumerous micro villi which are able to engulf small food particles and
fluid by a process called pinocystosis.

in1 intestine:— Water absorption takes place in

the COLON region together with active intake of certain mineral ions.
Most of the water present in the original saliva, gastric, bile and
Pancreatic juices is recovercd by absorption here in large intestine.

tion f tion:-The unabsorbed substances aré leftin

the form of FAECES. Mucus containing the mucin is secreted by the
\:alls ofintestine to lubricate the faeces. Before the act of egestion, the
%8S move Into rectum from where they leave through the anus.
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ASSIGNMENT

1. What do you know about Food and Nutrition? Explain the balanced ang
unbalanced diet. lllustrate the effects of unbalanced diet.

2. Illustrate the elements of nutrition.
3. Give important uses of water and minerals.
4, Define monosaccharide, disaccharides and polysaccharides.

5. Give the structure of monosaccharide and identify the compound as aldose or
ketose.

6. Draw the linear structure and ring structure of glucose.
7. Enlist three hexoses and one pentose that play important roles in human.
8. Write and differentiate the ether linkage and glycosidic linkage.

9. Define reducing and nonreducing sugars, Why lactose and maltose are
reducing sugars and sucrose is not?

10. Define the following terms and give examples of each:

(a) Simple proteins (d) Amphoteric substances

(b) Conjugated proteins (e) Peptide bond
(¢) Amino acid (f) Essential amino acid.
11. How can an aminoacid act as buffer.

12. Write the general structure of an amino acid.

13. What are the functions of proteins? Why adequate amount of
proteins is essential for development and growth

14. Use your own words to define each of the following and give example of
each:

(a) Simple lipids

(b) Compound lipids

(c) Saturated and unsaturated fatty acids
(d) Wax

(e) Triacylglyceride
258
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15. Wtite the equation for the saponification by NaOH of triacyl glycerol or
triglyceride,
16. Define essential fatty acids.

17. Differentiate the following:

(i) Simple and compound lipids

(i1) Simple and mixed triacylglycerol

(iii) Saturated and unsaturated fatty acids,

(iv) Saponifiable and nonsaponifiable lipid.
18. What are enzymes? Illustrate its nature of catalytic activity.
19. Discuss the nomenclature and classification of enzymes.

20. Explain the effect of various factors which influence the rate of enzyme
action. '

21. Name and c!assify the vitamins. Why should dietary intake of fat solubie
vitamins be carefully controlled?. '

22. Name the vitamin whose deficiency causes each of the following diseases
and give their dietary source and daily requirement:

(a) Pernicious anaemia
(b) Hemolytic anaemia
(c) Rickets

(d) Scurvy

(e) Pellagra

23. Describe fat process
breakfast of half fried egg
24. Why the excess food calories in the body are stored as body fat and not
glycogen or proteins

25. Differentiate: (i) Gastric digestion and intestinal digestion. (ii) Pancreatic

by which carbohydrates, proteins and fats taken at the
and toast are digested and absorbed.

juice and tile.
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CHEMICAL INDUSTRIES [N
PAKISTAN

11.1 FERTILIZERS

Fertilizers are mostly inorganic salts and contain elements such as nitrogen, -
phosphorus, potassium etc, which are very essential for the growth and develop-
ment of plants.

- The yield of agricultural crops can be increased by introducing
fertilizers to the soil.

The fertilizers help the soil to make up the deficiency and become fertile
again. Moreover, fertilizers maintain the pH of the soil near neutrality or slightly
alkalinity i.e from pH 7 t0.8. The soil having pH above 10 or below 3 is sterile.

There are two types of fertilizers, organic and mineral fertilizers. The organic
fertilizers include manures and peat etc. Mineral fertilizers are obtained fl'OI"ﬂ
mineral raw materials. Below are described the important mineral fertilizers

(i) Nitrogenous Fertilizers:~ They contain Nitrogen. as essentia! cle

ment; €.g urea, ammonium nitrate, ammonium sulphate etc.

O

|
H,N-C-NH, . NHNO, ; (NH,),SO,
Urea Ammonium nitrate Ammonium sulphatc

(ii) Potassic Fertilizers:- Such s chile saltpeter, KNO,-
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(i) Phosphatic Fertilizers:- Such as super phosphate and triple phos-
phate. The raw material for these fertilizers is phosphate rock or phos-
phorite, [Ca, (PO, ) ] CaF, which being water insoluble can not be
assimilated directly by the plants. Therefore it should be converted into
soluble form before it can be taken in through the roots.

. Super Phosphate:- It is obtained by mixing ph05phorftc with sulphuric acid
in special chambers. Following reaction takes place:

Ca (PO,), + 2H,SO, —= Ca(H,PO,), + 2CaSO,
Calcium Gypsum

di-hydrogen

phosphate

The mixture of primary phosphate Ca(H, PO, ), and gypsum is known as the
super phosphate. It contains about 18-20% of assimilable P O

Triple phosphate:- It is obtained by decomposing phosphorite with phos-
phoric acid.
Ca,(PO,), + 4H_PO, = 3Ca(H,PO,),

Triple phosphate contains about 48% of the assimilable P, O, (about three
times that of ordinary super phosphate).

Pakistan is basically an agricultural country. The government has been
ensuring timely availability of right type of chemical fertilizer, in all regions, for
all crops. This has been a major factor in achieving self-sufficiency in food Crops
during the past five years. In fact, Pakistan is not only able to meet its require-
- ments of nitrogenous fertilizer but is exporting it as well. In 1983-84, it exported
345,000 metric tons of surplus urea and another 457,000 metric tons during
1984-85.

Pakistan is now importing only phosphatic and potassic fertilizers. During
1984-85, approximately 564,000 metric tons of phosphatic and potassic fer-
tilizers were imported to meet the requirements of farmers and to maintain the
required reserve.
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- eactilizer situation in the country bety .
A general review ol fL‘l:cl]:g'r[j-r- ! cen Aprj 1984
and June 1985 1 given as t
N Total
—
Local Production 1176 114 . 1290 Tong
__‘_\
Imports 87 234 26 347 Tong
o —
Off-take 1030 333 28 1391 Tons
Off take April 1983
to June 1984 1099 319 | 31 1449 Tons
% (), (=) ' (=) 6% (+) 4% () 10% (—) 4%

The important fertilizer factories of Pakistan are enlisted below:-

1. TSF Plant and urea fertilizer ﬁlaht, Hazara.
2. Faisalabad Fertilizer Ltd, |
3. Pak American Fertilizer Ltd. at Daud Khel.
4. Single Super Ph&ébhate Plant at Jaran Wala.
5. Natural Gas Féftilizer Factory, Multan.

6. Daw*o?g“ﬁrea Plant, Lahore,

~ X
7.. {;‘!\hanala Potash Fertilizer Project, Dhariala.
8, Fauji Urea Complex, Sadigabad.
9. Exxon Fertilizer Co. Dahrki,

10. Urea Plant, Mirpur Mathelo,

1.2 DETERGENTS

Deter ic sal¥
: en I¢
With | BEDts are Soapless cleansing agents, They are complex Organe par?

Ng chaj
262 " olecules. They react with the ions of the salts tha! s

1
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water, thereby producing soluble compounds in which dirt and grease are readily
carried away.

Structure:= All the detergents have the same basicstructure. They are made
up of two parts:

(i) Hydrophobic (Water repelling)

(ii) Hydrophilic (Water attracting).

Hydrophobic part is the long hydro carbon chain which is covalently bonded.
Being nonpolar in nature, it attracts oil and grease which are also nonpolar.

Hydrophilic part is small ionic group like sulphonate (SG; ), sulphate
(—O—-SIO':), quaternary ammonium groups (Nﬁ : ) or hydroxyl groups
(~OH ). (In a soap this group is carboxyl, COO).

CH, CH, CH, CH, CH,

BT \CHz/ \cnz/ \CH,/ \CH{ \;‘CO_ Na

CH: CH: CH: CH: CH::
Detergent \CH{ \CH{ \CH{ \\CH,/ \;\0_863 N;

~<———— Hydrophobic I_-Iydropl}ilic
(Hydrocarbon end dissolves in oils) (lonic end dissolves
in water)

The essential characteristics of soaps and detergents are the same. The
hydrocarbon chain (-CH,-) is obtained from petroleum and the ionic group
(SO;,-O-SO, ) is introduced synthetically by means of sulphuric acid (Conc).

The presence of two groups (hydrophobic and hydrophilic) allows the mixing
of water with nonpolar substances such as oil and grease.

A detergent removes dirt very easily. Grease is an organic covalent-com-
pound. The hydrophobic part of the detergents readily dissolves in grease (both
being nonpolar). The hydrophilic part of the detergent dissolves in water (both
being polar) so that slight agitation removes the grease and it is carried away
with the water alongwith dirt.

The calcium and magnesium salts of detergent are soluble in water whereas
corresponding salts of soaps are insoluble. This means that a detergent can be
used in hard water and there is no wastage in the shape of scum (Precipitate).
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There are thousands of detergents which are used as washing Powders

: be manufactured for a part;
+ o nionide Specific detergents can : ; [ 2 particular p,..
::::‘t?yg ‘:;?:gliscegain kind of hydrocarbon chain or by inserting more thy,, e

jonic groups. .
Pakistan has developed 2 Jarge detergent industry and detergents are sold
under various brand names like Brite, Surf etc.
i is that hydrocarbon chain_ ynp;
One disadvantage of detergent over soap is chain, unjike
those of soaps which are derived from food substances (fats and oils) canngt p,
broken down by bacteria and dispersed.

11.3 GLASS

Glass is one of the most important artificial silicates. Ordinary soft glass or
soda glass is a mixture of sodium silicate (Na,SiO,) and calt':ium silicate
(CaSiO,). It is produced by heating sand, soga (Na,CO,) or sodium sulphate
and lime stone (CaCO,) in a furnace at 1400°C.

Nazcosm + Siozts) > NaRSiOS(s) 18 Cozm
Cacoahj + Siozm | e CaSioa (s) + COZ(:)

Or

Na,CO, + CaCO, + 68i0,——— 2C0, + Na,0.Ca0.6i0,
Glass

Glass is not a true solid because molecules are not arranged in 8 d;ﬁnl:: |
pattern, In fact a glass is a super cooled liquid i.e a solid solution mthoof
c.rysgalhzanon. The molecules are arranged in random positipns a5 in ¢a gt
liquids that's why a glass does not have sharp melting point. On heat?
gradually becomes more and more plastic in nature. of
BlasSl'Rs' is attacked by hydrofluoric acid. This acid is used to make tee®
=7 IS process is called etching, ¢
o o ixtef
: lassi= As mentioned earli i indow glass 'Samu'ﬂ‘"
of i = Asm ned earlier, ordinary win dh
S!One.l.}l-hnligg:call(c)lum SIIIC.aIES. It is .mEHUfaCtUTCd fI'Om sand{ISOdaé:inswad
of soda. This is yseq foo. 2551uM Blass is obtained by using potash s
264 making chemical glass ware.
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. Pyrex glass isa bf:{osmc:.;tc mixture which is produced by using boron oxide
in place of some of silica; this glass can withstand sudden changes of tempera-
ture. You must have seen pyrex glass apparatus in your laboratory, In fact pyrex
glass has avery low coefficient of expansion i.e it expands greatly when heated.
Pyrex glass is not ma.n.ufaclured in Pakistan, Coloured glass is manufactured by
adding certain transition metal oxides. For.example CuO gives light blue, CoO
dark blueand Cr, 0, green. Addition of selenium oxide and zine oxide gives red
coloured glass.

Position in Pakistan:- In Pakistan there are about 25 glass Industrles
which are producing about 75,000 tons of glass per year, Now a days,
there is definite improvement in the quality of glass.

The names of some of the glass produclng factores are:-

()  Indus Glass Work, Hyderabad.

() Toyo Nasik Glass Factory, Lahore.
(1)  Khawaja Glass Works, Khyber Pakhtunkhuwah.

11.4 RAYON (FIBRE})
Rayon is consldered as the man-made flbre, A French sclentist

“Chardonnet®, discovered it in 1884. He was investigating the silk worm
disease. Rayon Is a flbre obtained mechanically from silk worms. The
starting material is cellulose. The silk worm on mulberry tree eats
cellulose, digests It and changes it into silk which comes out in a
viscous form and solidifies on contact with alr and becomes silk
thread. Man does the same with cellulose, when preparing silk

mechanlcally.

The term rayon is the name given to all the synthetic fibres which are
manufactured from cellulose such as cellulose acetate, nitrocellulose, cupra
silk, viscose rayon elc,

Vv is manufactured from cellulose when it is digested with
sodium hydroxide solution, When carbon disulghide is pass.ed t:hrough the
solution, a mixture of sodium cellulose xanthate is formed which is soluble in

NaOH.
OR

S=C< B H,o
SNa

" R-OH + CS, + NaOH
(R = Cellulose)
265
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: : ! i ined is called visco
Due to very high viscosity, the silk thus obtaine se rayon,
solution is forced through a spinneret into H,SO, bath where cellyjqg, ii
precipitated as fine threads. This artificial silk is cheaper than cellulose aceyy,
silk or nitrocelluldse silk. It is produced in the largest quantity, -

Synthetic fibres are the man made polymers which consist of Macro.
molecules (Poly = many; macros = parts). The polymers are built by linking
together of many smaller units called monomers. This process is called
polymerization. .

Synthetic fibres are usually prepared by condensation polymerization ip
which linking of two different substances occurs with the elimination of water.
The resulting polymers are known as copolymers. The examples of important
synthetic fibres are Nylon, Rayon, Dacron, Terylene etc.

Nylon:~ Chemical structure of nylon is not similar to-that of material silk
but resembles it to certain extent. It is made of diaminesand dibasic acids which
can be synthesized from the common raw materials i.e coal, water and air.

Nylon is the type of polymer in which amide linkages (-CONH-) hold the
chain together. Nylon 6,6 is a condensation polymer of hexamethylene diamine
with two amino groups and adipic acid (hexan dioic acid) with two carboxyl
groups. The name Nylon 6.6 is aiso derived from the fact that both the com-

ponents consist of six carbon atpms €ach. Elimination of water forms the amide
linkage.

NH_(CH,)NH; + COOH(CH,), COOH —

Hexa methylene- Adipic acid
diamine

[-NH(CH,),.NH-CO(CH,),.CO-NH(CH,) ,-NH-CO(CH,) €0,

This is the same type of linkage found in proteins.

Jes:
Terylene is a polyester fabric which is formed from many estér mg lti‘r::Ph'
'Iht.monorners for tiie manufacture of terylene are ethylene 31Y°°! anﬁmina“d
thalic acid. During condensation polymerization, water molecule 18 ©
EVIng rise 1o ester linkage.
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Higloc~<(_>~C00 il + HOHch, - i, ~ogr 210,
Terephthalic acid Ethylene glycol

(1,4-benzene (Ethane-1,2,diol)
dicarboxylic acid).

[-oc —@—coocnz-crrz_o-]

Terylene

Terylene is mainly used in clothing and fishing lines.

Among the advantages of synthetic fibers are:

(i) Lightness of weight (ii) Ease of ironing

(iii) Softness and (iv) Heat retention or heat conductivity.

Position_in Pakistan:— The manufacture of synthetic fibers is one of the
branches of the chemical industry that has been developing at a very fast rate in
our country. Govt. of Pakistan is taking all the measures to increase the produc-
tion of all kinds of artificial and synthetic fibers in the coming years.

A number of industries have been established to manufacture synthetic
fibers.

11.5 PLASTICS

Modern plastics are assuming an ever increasing importance in our
economy. These are macromolecules, formed by the polymerization of simple
molecules. In other words, plastics are also polymers formed from monomers.
Ethylene, for example, is an unsaturated hydrocarbon polymerized in presence
of sujtable catalysts. The extra bond opens, forming an unstable molecule which
joins with many others of its own kind to form macro molecules called

olyethylene or Polythene.
polyeLa: Y SETERTE

. i) CH, CH, CH
| [ Hme 1 200iC1a sl m e liventn 9 CHIZ N EANY 7 N2
ATE Ny | 1000am: T CH, CH,
+ H H ‘

Polyethylene is thc most common plastic used to form polythene bags and
to package foods. Poly propylene is superior to polyethylene in its resistance to
breakage and to temperature.
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The transparent plastic used to make combs and hair brushes

is
f methyl methacrylate, an ester of an unsatura ed acid, 3 Palyme,
0 -
CH: CH: "
CH @) / \ I
\: / Benzoyl peroxide (i:
c —C -

P !
H,C O 3 S V4 \0 e

Methyl methacrylate Perspex

Glass like transparency and resisiance to we ath ering.make ituseful asa gla;
substitute e.g. in aircraft windows, reflectors on auto vehicles, T.V guard screen;

and street light fittings.

PVC or Poly vinyl chloride is the polymer of vinyl chloride (CH,-:J CHC)
In the presence of catalyst hydrogen peroxide atthe temperature of §0 C.wf;y!
chloride polymerizes to poly vinyl chloride. PVC is used for the insulating
covering for electrical cables, for the manufacture of gramophone records, sull
case coverings etc.

i i -of vinyl acetate
PVA (Poly vimyl acetate) is the polymer o :
(CH2=CHO.CO.CH3) is used in the manufacture of ¢chewing gum and in the
water proofing of textiles.

Bakelite is a polymer of phenol and formaldehyde.

: dio and
Bakelite is used to make buttons, switches, electrical boards, cameras-=
tclephone components,
]
O ¥ O — ‘C‘*’@CH’@ |
“ ""Hzo &
0 !
Phenol formaldehyde Phenol Bakelite )
fyme®
s (POV,
Although plastics entirely consist of high molecular co.mpg'l‘;:gs' plast®”
various .c?mposilions are used by mixing the polymer with 11 e ”Iidgid
‘;:fés‘?id;f‘g;\ :gplasticizcr reduces the brittleness and improve g ine g

: c
isadvantage of artificial plastic isan ncreas

and loss of elasticity when solvent evaporates.

268

. A

Scanned with CamScanner

Download Books Guides Notes & Tests at www talibilm com



www.talibilm.com

IV b/ W/ W | WIANW | | W W W hkabal W IVIS WA

IV W L b

aviiigl;e;? :l}f:arﬂzrrcre::fc thtl: mechanical strength of plastics and make the
- costly polymer. Variou :
flour, saw dust. s fillers which are used are wood

Plastics are generally tough, resistant to the action of acids and alkalis and

?:f:g?g;' rél:f%}:'rilt:;":ltf:;i bydt ne Chli(ljnge of temperature. The plastics have a fair
ity and mouldability due to whi : 4

shape and form can be manufactured, ty which articles of any desired

: Pl? ti lnt.lu try in P. kistan:— Plastic Industry in Pakistan essentially con-
sists of moulding of plastic powders into various articles of dailyuse.

Types of Plastic:~ Plastics are of two types:

(i) Thermoplastic (ii) Thermosetting

(i) A Thermo plastic or thermosoftening plastic is a material which
softcn:s on heating and hardens on cooling. This process of heating,
softening, moulding and cooling can be repeated and it does not affect
the properties of plastics. Such plastics are easily moulded into shapes
but are not very heat resistant. The examples are: nitro cellulose, cel-

lulose acetate and vinyl polymers.

(ii) Thermosetting plastics are those materials which can be heated only
once before they set i.e they can not be reworked. In other words,
thermosetting plastics do not soften on reheating. The examples are
phenol formaldehyde, urea formaldehyde, silicones etc,

11.6 PAINTS

You must be familiar with the walls, doors, windows, etc. that are painted
for the decorative and protective purposes. Iron articles are painted to prevent

them from corrosion or rusting.
A paint is usually composed of three components:-
(i) A binder or vehicle which hardens to form a continuous film.

(ii) A pigment which supplies the desired colour and
(iii)_A_volatile solvent which evaporates.

In an Oil - based paint, linseed oil is often used as a binder. The solvent is .
usually turpentine, a mixture of hydrocarbons obtained from pine trees. The
Pigment may be titanjum dioxide, TiO, (White), carbon black (C), chrome
yellow (PbCrQ, ), oxides of iron (brown or red.)'or organic dyes of various
colours, White fead having approximate composition [Pb(OH),.ZPbCOa) was
once exiensively used, but it has now been banned for interior use due 10 high
toxicity of lead. Infant ilinesses have been attributed to the ingestion of chips of

old lead paint.
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: : hetic polymer with ; !
aint (Emulsions) a synthe ith rubbe |
Pro:)‘;r:?czt?srugzze:s fhe binder. These "Latex" paints are emulsified in y,, i

- - L4 er 10
k : . o characteristics. Dyes and pigments may be aq a
BIVC a Varlt".ty 0[ spreadl.ng Lo nlactise nead in latax i dcd to

ive des AT are polyyiny
g e copolymers
acetate, | ‘with fantge;
and pol! astic
variety | !
IC solvent such
!ﬁ d in a volatile
as et tained.
organic _

aturated acids
when exposed

d on a surface,
ct, the volatile

organil kygen, dries up

formin yearance is due
i
to the '

Pa companies aré
involwv(

1. Berger Robbialac, Karachl.
a2 I.C.1. Dulox; LalDfcoiii- i o
3. Buxly's paints, Karachi.

*  ASSIGNMENT

4 iZ€ers.
1. What is a fertilizer? Give names and uses of some of the fertilltZ
o 3 ent.
2. What'is a detergent? Describe the cleaning action of deterg
3. What do you know about glass? Describe in detail.

- ared &7
4. Write short note on synthetic fibers. How nylon 18 prep
state its characteristics?

d

5. What do you know about plastics?
6. Write short notes on:

(i) Paints  (ii) Varnishes
7. Wh ferﬂlizcr?
- What is the difference between a manure and a
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