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PART 1

INORGANIC CHEMISTRY

cHAPTER 1

PERIODIC CLASSIFICATION

1.1 INTRODUCTION
The aim of the classification of clementsls to group together

those elements which resemble each other in some respect and to
separate those elements which differ., The best classlification will
hich brings together elements which resemble one

clearly be that W
another in the greatest number of ways.

1.2 DOBEREINER'S TRIADS
After the acceptance of atomic mass values universally, attempts

e made to find out relations between properties of various
thelr atomic masses. In 1828, J.W Dobcreiner discovered
ts of three closely related in chemical
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properties, the atomic masses arc elther nearly the same (eg. Iron,
cobalt and nickel) or the atomic mass of the middle element |5
approximately the arithmetic mean of other two elements. These are

called Dobereiner's triads.

TRIADS
Elements Atomic Mass Arithmetic Mean
Lithium 7 .
Triads — | Sodium 05 744 =23
Potassium 39 2
Chlorine 35.5 35.5+126.5 _ .,
Triads —y| Bromine 80 2 =8l
lodine 126.5
Calcium 40
Triads —,| { Strontium 87 137 +40 _ 88
Barium 137 2

1.3 NEWLAND'S LAW OF OCTAVES

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 ’dighthf
element were similar to those of the first one. He called this regularity 0
elements as the “Law of Octaves™ and arranged most of the elements

then known accordingly.

hemist Newland

Newland's arrangement of elements.
Li=7 Be=9.4 B=11  C=12 N=l4 0=16 F=19
Na=23 Mg=24 Al=27.3 Si=28 P=3l S=32 C‘lﬁsg
d Si:

In this classification, Li and Na; Be and Mg; B and Al Can
Nand P, O and S; and F and Cl resemble In chemical properties:
Adv‘mFagCS and Disadvantages of Law of Octaves.
int (i) This law provided a basis for the classification of

© groups of clements having similar properties.
clcmcr(:.itg ;Sgéo l'd‘w provided a wider scope to arrang
a tabular form.
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gii) The periodic arrangement of elements did not include Noble
gascs 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 clements arranged in groups from I to VIII. Further to bringin 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.

7o

Atomnic Volume

309
200

(04 £z _
Be 0 Mn  Ni

8« C  Atomic Weight

T
400

I J 1 1 ] ! 1 ] 1
0 be 2‘00 360 4l0'0 500 600 700 800 900 1000 1100 1200 1300

Fig: 1.1.— Lothar Meyer’s Atomic Volume Curve.
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Lothar Meyer's periodic classification could nol receive proper
attention. There may be two reasons for this;

(i) Meyer's periodic table was incomplete compared wit)
Mendeleev's periodic table which was published in the same year with
remarkable predictions of discoveries of certain elements.

(i1) Meyer's classification was supporled by a study of various
physical propertics such as atomic volumes, malleability, brittleness,
and electro chemical behaviour related with atomlc welghts with no
empirical or logical basis for classiflcation, as we find 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”.

Mecndeleev's periodic table

Ti=50 Zr=90 ?=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=Co0=59|Pd=106.6 | Os=199
- Cu=63.4 |Ag=108 | Hg=200
Be=9.4 | Mg=24 | Zn=65.2 |Cd=112
|B=11 | AI=27.4 |?=68  |Ur=116 |Au=1977
C=12 Si=28 ?=70 Sn=118
N=14 P=31 As=75 Sb=122 | Bi=210
O=16 S=32 Se=79.4 |[Te=1287
F=19 Cl=35.5 | Br=80 =127
Li=7 Na=23 | K=39 Rb=85.4 |Cs=133 |TI=204
Ca=40 | Sr=87.6 |Ba=137 |Pb=207
? =45 Ce=92
?Er=56 La=94
?Y1=60 | Di=95
?In=75.6 | Th=118?
: I
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Mendeleev's law is an extension of Newland's law of octaves.

Although there was no lundamental basis for the periodic law, due to
lack of knowledge about the atomic structure or atomic numbers, yet
theclassification of elements on the basls of periodlclaw proved useful
for predicting unknown elements and for establishing a relation
between chemical propertles and atomic weights. Mendeleev ar-
ranged all the then known elements in order of their increasing atomlc
weights in seven horizontal lines, called periods, and in cight 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 certain 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 properties of the undlscovered elements. These elements
were discovered in the life of Mendeleev and were named Scandium,

Gallium, 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 o~
particles 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 propertles and atomic numbers of the elements. On
this ground he modifled Mendeleev's periodic law to the form,"The
properties of the elements are the periodic functions of thelr atomje
numbers and not the atomic welghts”.

The modern periodic law provided logical and sclentific ground
for the classification of elements. This law also provided j ustification
for correcting the position of some clements wrongly placed |n

Mendeleev's periodic table.
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This periodic table was not of much use because the represen-
tative and the transition elements were placed in the same group side
by side dividing each group as sub groups A and B.

The periodic 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 atomlc 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 configuration of their atoms
which vary with increasing atomlc numbers in a periodic manner”,

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

The electronic conflguration of elements provided a sound
fundamcntal basis to the classification of elements. The properties of
elements change in a pcrlodic 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 concept 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. 3s. 4d, 5p. 6s, 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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Group and Types of elements

Electronic

conflguration sub-group

(Valence Orbit)
ns' 1A s-block elements
ns? 1A

ns® np'-ns? np® 1 AtoVIIA | p-block active elements
ns® np°® VIII A or O p-block inert elements

as reference point

(n-1)d' ns?-(n-1)d" ns® [IIBto VIII B | d-block outer transition
andIB: I B elenients or elements
between s and p-blocks

-2)' (n~1)d' ns?-
(n-2) ) - 1Ljd m"s | wB 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 s bullt up as follows on the
basls of electronic configuration:

Period-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 1s?,
Perlod-2: This perlod corresponds to filling up of L-shell. In this
perlod electrons occupy. 2s and 2p orbitals. Therelore, it contains 8
clements from lithium (152.25') to Neon (13’.25’.2196). It is called
first short period.
E:riod—az This period corresponds to the filling up of M-shell. In
2 gsp:{i:f ':13'1?1 and 3p orbitals are belng fllled. It starts from Na and
. This period also co ond
Shiort ot ntalns 8 elements and is called s€c
:c“"d;:‘ This period corresponds to the filling up of N-shell. It
lttmcotsntal th :t: fllling of 4s orbital followed by 3d and 4p orbitals.
ns 18 elements. It is called first long period.

8
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Perlod-5: This period corresponds to the filling up of O-shell. It starts with
the fllling of 5s orbital followed by 4d and 5p. It contalns 18 elements,

ILis called second long period.

f:txliod—szl This pc:;!od includes 2 elemenis of s-block with configu-
es=°ga‘65 and 8s% 10 clements of d-block with configuration
W Lo I65 .0d™ and 14 elements of f~block with conflguration
6s*,5d',41! 1o 6s?,5d',41"(Lanthanides), Thisis an exceptional case
where clectrons start fllling 4f orbltals after 5d accommodates one
electron.
P::x'it}cl-—'?:1 ‘This perlod Includes 2 elements of s-block with configu-
ratéon ;?S and 7s?, 10 elements of d-block with conflguration
7sg.6d to 7s*,6d'%and 14 elements of f-block with configuration
7s?,6d'. 41" to 7s?,6d', 57 (Actinides). This Is also an exceptional
exainple where electrons are accommodated in 5f orbitals after 6d
acquircs onc electron.

1.8 TYPES OF ELEMENTS BASED ON ELECTRONIC

CONTFIGURATION

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

(i) The Noble gases:-In the perlodic table, the noble gases are
found at the cnd of eacl perlod In zero group. They are colourless
gases upto some extent chzimleally unreactive and diamagneUe.

“The electronlc arrangement of ns?,np°ls exceptionally stable.
Discontinuitles In cnergy level dlagram occur after these conflgura-

Uons arc attalned. With the exception of helium (Z=2), all the noble
ectronic configuration of 2s?,2p%. Noatomhasa

] with ihe exception of helium and noble gascs.

tive clements or typleal clements:- All cle-
1e periodic table are called representative
or typical elements. They includc metals, non-metals :Lnd‘mctallolds.
Some of the elements arc paramagnetic and some are diamagnetic.

includc clements of s and p-blocks.
Thcsc(;l)c;-block elements:- In these elements the last electron

enters ns orbital which s belng progrcsslvcly fillled. The elements of
[ A and 1l A belong to s-block. The valence shell conflguration varies
from ns' to ns? where'n’ls the period iInwhlich the clementls prescent,

(b) p-block elements:— The elements In which p orbllals are
belng progresslvely filled are called p-block elements. The elements of

gases havc outer el
complctc outcr shel

(11) Represcata
ments of A sub-groups of U

9


Rectangle


the groups IIAIV A, VA, VIA, VII A and zero groups are membars of
p-block. The valence shell configuration of these clements ranges
from ns?,np' to ns?,2p°

(1) d-block elements (outer transition elements)i- The
elements in which the last electron enters (n~1]d orbitals are called d-
block elements. These elements are alse called outer transition

elements. The valence sheli configuration of these slemen?s ranges
from ns?,(n-1)d’ to ns?,(n-1)d'°. There are four serles of outer

transition elements, the 4th s Incomplete.

(fv) f-dblock elements (Inner trausition elementg):~ The
elements in which the last electron enters (n-2)f orbital are called {-
block elements or inner transition elements. They have outer elec:
tronie conflguration: ns?,(n-1)d',(n~2)""

ASSIGNMENT
1. Complete the following table:

Symbol | Atomic Mass Protons | Neutrons | Electrons
- number number

Zr 40 91
Zn 30 _ a5

108 47

117 78

Cs 133 78
Pb* 125 81

&0 , 36 ]

2, Explain the following with examples:
(a) s-blocle elements
(b) p~-block elements
(c) d-block elements
(d) f-block elements

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

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

10 (d) 6s?, 5d*, 4r3
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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-
poscd 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 arec the main features of the periodic classification of the
clements? 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

. sete F ety Af
already been discussed at secondary level. Here some more aspects of study of
hydrogen will be considered.

2.2 POSITION OF HYDROGEN IN THE PERIODIC TABLE

Elements are arranged in the periodic table on the basis of their electronic

configuration and to some extent on the basis of their properties. Electronic

gen partially resemble with the elements
IVA (carbon family) and with group VIIA

(halogens) but does Lot resemble completely with the members of any one of

the groups. This can be seen from

but it differs from them in
many respects. It is a gas at ordinary temperature and is also a non —metal. It

does not lose i1 valence electron ang does not form H* jon Jike Na™ because
the valence electiop in hydrogen is strongly attracted by the positively charged
Nucleuys, Although it formg c0mpounds with non — metals such as HF, HCl et
and their aquegyg solutions, ionize to form hydrogen cation (HCl = H + (1

(‘_
but these I ; 4 inth
Mtihese H ions or protons unlike Na do not exist free in water exceptin the

“$
solvated form such as | O
8

[ rf"".\“ll!l)ll‘.‘-;

with carbon
valence Shie

and its family members Wroup IVA) in that the
11 of hydropen is 1,

all filled, Some llu‘nuudytmmix' properties such as
ANvATINe botential, elecirop allinity values ef¢ of hydrogen are also similar to that
of carbor and gther members of family., Hnw:"wr hydrogen ditlers in many
TESpects from (1 members of carbon l:mlhil\’. It is a ;:Ll.k.a. It shows monovalency

12
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andits valence shell consists of "s" orbital where as members of carbon family

3‘% §t011;d5- They show tetra valency and their valence shell consists of s and p
oroiais.

_t.{ydrogcn- also rescmbles with halogens in that it is a non —metal and forms
H '0“9)’ gaining electron from strong electro — positive metals. ThusNa “H™
and an Cl™ arc comparable. It is also a gas consisting of diatomic molecules
SH.:) tike F, and Cl,. However, it differs from halogens in that unlike CI7, H™
is :nca;?:;_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 A, others place it atthetop 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.

23 INDUSTRIAL PREPARATIONS OF HYDROGEN

Inindustry, hydrogenis manufactured fromwater, natural gas and ammonia.
Mecthods are arranged in the order of their importance:

(i)Electrolysis of Water; When clectricity 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 collects at cathode and oxygen gas, a

by — product, is collected at anode.

Electricity > 2H,,, + Oy

2H,0
The gascs produced are in the purest form. This process is expensive and is
used 10 produce hydrogen where cleetricity is available at cheaper rates.

(i) rbon : A mixture of steam and natural gas
d over nickel catalyst at 900°C, produees a mixture of hydrogen and

when passe
carbog monoxide commonly known as Water gas. Natural gas contains about

94.60% methanc.
Ni
CHun ¥ H'-'O"' 9000(-:

>3H, ) + COy
Water gas

13
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|: ' sed overred hot coka
iii)By the actlon of Steam on Coal; When steam s p2sscd oke
at agout 1000°C, a mixture of hydrogen and carbon monoxide (Water gas) i

formed.

0
C:q-l- H,0,, oL LH:m ¥ CO,9

Water gas

Hydrogen is obtained in free state by removing carbon monoxide fromwgatgr
gas. It is done by heating the mixture of two gases Wlt.h more steam at 500°Cin
the presence of catalyst (Iron oxide or cobalt oxide), As a result carban
monaxide is changed to carbon dioxide which can easily be separated by
dissolving in water under high pressure leaving behind free hydrogen gas.

CO, + H, + H0, ——o—>CO,, +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 $Sodium formate)
() ) (!

(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.

0
CH,OH,, + H,0,, ===+ CO,,, + 3H

() 3

Carbon dloxide is separated by passing the mixture through water undcr.hiSé‘
pressure where by CO, will dissolve inwater and free hydrogen gas is obtained.

(v) Thermal Decomposition of Hydrocarbons;  Methane (a major <o%
stituent of natural gas) when heated in the absence of oxygen, is decompose
into its constituent elements.

0
CH, —tE . C +2H
1o W
Carbon thus obtalned Is known as "Carbon black" which is a by —product
and Is used in rubber Industry, speclally as fillers for tyres, It {s also used as a

plgment for inks, plastics, palnts, type wrlter carbon papers etc.
14
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in E:::g E"“fl}‘ al Decomposition of Ammenia: This process consists of vaporiz-
& the hiquid ammonia from cylinders, heating at 1000°C and passing over
an active catalyst,

1000°
PE 5 + 3H

2H; Catalyse ~ *'

alad

' The rru:xtu_rc of nitrogen and hydrogen is cooled ta - 196°C when nitrogen
ccomes liquid and free hydrogen gas is obtained.

2.4 ATOMIC HYDROGEN

Ordinary hydrogen exisls as dialomic 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 dissociate

ir}to 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 together to form molecules again.
' : Atomic hydrogen is prepared by thermal
decompaosition of ordinary hydrogen or by electrical dissociation under reduced

pressure.
0
S500C . 9y

(i) H,(‘;i- 104 K.cal
Electric discharge > 2H

(ii) H"I., 1mm —0.1mm pressure

el n:  Atomic hydrogen is more reactive

than molecular hydrogen. Expected reactions of molecular hydrogen arc only
those in which more than 104 K.cals per mole are cvolved per two gram atoms
ducing less than this energy will not take place

of hydrogen. Reactions pro . .
spontaneously. For the reactions of atomic hydrogen, there {s no such condition,

Most of the reactions take place at ordinary temperature and some even below
room temperature, Some reactions of atomic hydrogen are given below: —

P+3H > PH,

0, + 2H > H;O:
S + 2H » H,S
Cl, + 2H ~ » 2HCI

15
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CuO+2H = Cus H O
AgCl+H > Ag + HCl

Uses: Atomic hydrogen is used to produce atomic hj.adrogen.torch 10 attain
a temperature of 4000 — 5000°C which is employed in welding ﬂlumll:]ium
alloys, high chromium and nickel steels. It is based on the fact that when a jet of
hydrogen is passed through an electric arc sct up between Ehe tungsten rods,
atomic hydrogen is produced which at once recombines to give a flame having
a temperature between 4000 — 5000°C. The heat is not produced by burning
of hydrogen but from recombination of hydrogen atoms.

H+ H — H, + 101K. cal. mol 3
It is worth to note that hydrogen sei 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 substance
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:

(1) Ionic or salt like hydrides
(ii) Covalent hydrides

(iiif) Complex hydrides

(iv) Metallic hydrides

(v) Polymeric hydrides

(vi) Border line hydrides

i) Ionic Hydridec. |
I ((a{ 2onic Hydrides: These type of hydrides are formed by the metals of group

kali metals -
these hydfidcs,m)e?;d group IIA (alkaline carth metals) except Be and Mg. In

16 atoms form positive ion by losing valence 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 NEZH(:}"‘ in case

:lfl metals of group IIA. Therefore, these hydrides are known as ionic hydrides.
so they possess salt like characters. Therefore, they are called salt like or

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

Heat
Na + H, — = —> INaH,,
0°C  Sodium hydride
Ca + H2 Heat o CGHQ

0
200°C Calcium hydride

They are colourless nonvolatile salt like solids having high melting points.
They are sufficiently stable towards heat. Stability decreases with 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,
Na H + HCl —> NaCl + Hy

Na H + C,H,OH > C,H,ONa + Hy,
B ﬁ:“ +2H,0 — > Ca(OH), + 2H,,,

hydrides of alkali metals and moderate with

ctions are vigorous with
it i nerally CaH, is used to prepare hydrogen.

hydrides of alkaline earth metals. Ge
as a source for producing hydrogen, as reducing agents in
sses and as dehydrating agents for organic solvents.

(ii) Covalen . Elements from group IILA to group VIIA form

. . i bonds, therefore, the
: unds with hydrogen. They contain covalent DoNds, o 4
:Ifzag]f:f 'Pgovalcnt hydridcs". They can be prepared by direct or indirect

methods as shown in the following examples:

They are used
metallurgical proce

Sunlight __ >yl

ignition
oH +0, ——= > 2H,0
450°C
caC, + 2H,0 > Ca(OH) + CH,
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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

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

Hydrides of group IIIA and IVA are neutral. Hydrides r:)f group VAare 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 * '

Na3: etc and B is trivalent positive ion of elements of group I1TA such as B> ™ i
Al etc.

LiH + AlH, —» Li"AI"H}
NaH + BH;, ———> Na'B"'H,

These compounds are salt like white solids, stable upto 300°C. They are
_solublc in water in which they ionize to give Li and AIH. ions the latter ion
immediately reacts with water to produce hydrogen, k ‘

Na' AJH4 +4H,0 ——— Al(OH), + NaOH + 4H, (2)

herefore, they are also called
ease hydrogen in atomic state,
nickel etcare used as catalysts

interstitial hydrides. These hydrides on heating re|
Forthis reason transition metals such as platinum,
in hydrogenation reactions.

(v) Polymeric Hydrides: First two members of group IIA j.e beryllium and

magnesium form hydrides having formulae (BeH,)a and (MgH, )n. Because
2 ).
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large number of BeH
are known as "Pol}f(:m:2 'a?d MgH, molecules are polymerized, therefore, they
ric hydrides". Their structures are given below:

H " -

AN /-‘ H\ /H\ P
/Be\ Be\ ﬂnd Mg Mg

\\H/ \\. / \\‘H/ \\\

H

ol

n H

- .

il

ThCir pl’o ch.. -
ies ar : o :
hydrides. P e intermediate between ionic hydrides and covalent

B (I\I'g gn:j- f r Line Hydrides: These hydrides are formed by metals of group
FoLY srid 'I'l?{” n,ﬁ:als ‘;f gTOUP [1IA such as indium and thallium e.g CuH,,

2 . I'hese rides are int i 12 .y 3
and covalent hyiirides, y re intermediate between metallic hydrides

2.6 ISOTOPES OF HYDROGEN

~ The cxistence of isotopes of elements was first discovered by J.J. Thomson
in 1912—1913 while working on the properties of neon. The 1sotopes may
be defined as "Atoms of the same elements having same atomic number but
different mass numbers”,

also be defined as "Atoms that have the same number
ns in their respective nuclei.”

:n nature are mixture of several isotopes. Isotopes
| names while isotopes of other elements are not

It may of protons but
different number of neutro

Nearly all elements found
of hydrogen are given specia
given any special name.

There are three 1SOtopes
(ii) Deuterium

of hydrogen, namely:
(iii) Tritium

(i) Protium
(i) Protium ( H):It is also known as ordinary hydrogen. It contains one
proton in the nucleus and there ' one electron in 1s orbital(First shell). It has
ic mass number 1. Naturally free occurring hydrogen

1 and atom
ber 99.98 percent protium.

ds contains about
(D or T 1): Itisalsocalled "Heavy hydrogen"although this

(i) Deuterium
name is inappropriate pecause there1s another isotope of hydrogen namely
*Tritium” which is even heavier than deuterium.
[t contains one proton and one neutron in the nucleus and one electron in
1s orbital. It has atomic number 1 and atomic mass number 2, It is present in
19
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naturally occurring hydrogen to the extent of about 0.0156 percent ie in g,
ratio 1:15000

(iii) Tritivm (T or :H)= It contains 1 proton and 2 neutrons in the nucley,
and 1 electron in Is orbital. It has atomic number 1 and atomic mass number
It occurs in very small quantities in the naturally occurring hydrogen to the e.

tent of about 4x 10~ 1° percent. It is radio —active form of hydrogen and hg
half life of 12.5 years.

Fig. 2.1 Flg. 2.2 Fig. 2.3
Atomlic composition Atomic composition Atomic composition
of protium of deuterium of tritlum

ASSIGNMENT

1. With the help of balanced chemical equation,explain what happens wheo
(1) Zinc is put in dilute hydrochloric acid
(if) 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 catal)®

2. What do you understan

d by the term isotope? Define various isolo¥
of hydrogen,

3. What is water gas and how is it prepared?

4. Are the reactions of ordin ) p
. ary molecular hyd 7 Why'
What is atomic hydrogen? ydrogen slow or rapid

5. Write notes on the following:
(1) quition of hydrogen in the Periodic table
(ii) Binary compounds of hydrogen
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CHAPTER 3

S —BLOCK ELEMENTS

3.1 INTRODUCTION

) The elements of IA and ITA 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 |
Group IA Number Configuration | Oxidation State
Lithium Li 3 [He]2s' I
Sodium Na 11 [Ne)3s' r
Potassium K 19 [Ar)ds’ ¥
Rubidium Rb 37 [Kr]5s' 'y
Caesium Cs 55 [Xe]6s' 1
Elements of Symbol Atomic Elcctroni.c ‘Prir.xcipal
Group IIA Number Configuration | Oxidation State
Beryllium Be 4 [He]2s’ 2"
Magnesium Mg 12 [Ne)3s® 2
Calcium Ca 20 [Ar]4s® 3l
Strontium Sr 38 [Kr]5s? 2*
Barium Ba 56 [Xe])6s® ar
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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 ITA gr-
oup elements are known as alkaline earth metals. Their hydroxides are also
alkaline but they are sparingly soluble in water and these metals exists as their
oxides in the earth.

The elements of both these groups with the exception of Be whichgivesmany
distinctly covalent compounds, form colourless ionic compounds, KMnQO, is
pink colour due to the colour of MnO, ions. [nthese compounds, they exhibit
fixed oxidation state.of 1 and 2% respectivelv. The compounds of A group
and 11A 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 ncighbour magnesium in Be group, Be shows

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

3.2 GROUP TRENDS IN ALKALI AND ALKALINE EARTH
METALS

In this section, the group trends in properties such as electronegativity,
jonization potential, heat of hydration, sizes of atoms and ions and other physical

properties are discussed

(i) Electronegativity:—
values and are genera
decreases from Li throug

The elements have very small electronegativity
lly called electropositive elements. Electronegativity
h Cs as onc moves down the group. Pauling's

electronegativity values for IA and IIA group elements are summarizedin table

3.2
Table 3.2 The electronegativity values of s —block elements
Elements of Li Na K Rb Cs
Group 1A
Electronegativity 1.0 0.9 0.8 0.8 0.7
Elements of Be Ba
Group l1A M ce >
Electronegativi 1
ty S 1.2 1.0 1.0 09 __
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- (ii) lonization Potential:~ s-Block elements in general have low first
ionization enthalpies because the outer’s — electron is shielded very effectively
from the nucleus by the inner electrons. The first ionization enthalpy of each of
the .alkah metal is lower than corresponding alkaline earth element in the same
Pcrlod, 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

Elements of Group IA

First Ionization
Enthalpy AH-KJ mol =

Second Ionization
rnthalpy AH-KJ mol =

Li +525 + 7304
Na + 500 + 4563
K +424 + 3068
Rb + 408 + 2644
Cs +308 + 2257
[ e et 3 e
First Ionization Second lonization
Elements of Group [IA Enthalpy AH-KJ mol i Enthalpy AH-KJ mol =1
Be + 906 + 1760
Mg +742 + 1450
Ca +596 +1150
St — +554 +1060
Ba +508 +1000

The ionization cnt.
s —electrons are held,1
The ionization ent

group.

halpies decreasc Wi

halpies of elements that is the firmness with which outer

s also related to the sizes of the atoms (See table 3.4).

th increasing size of the atom down the
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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 bacause 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 0.191 0.198
radius (nm) | >

(iv) Radi.i (Sizes) of g;.mig. ng:— Since the elements of IA and I1IA groups
have large sizes. Low lonization enthalpy, low electron affinity values, these
clements readily lose their valence electrons to form cations with a p'ositive
charge of 1" and 2" respectively. In the process of formingM'* and M*"* ions.

alkaliand alkaline earth metals acquire the confj i
: : configurations oft ive i
gases in the previous period. e.g. ° S

Na —» Na™* 4 ¢
[Na] 3s [Na]

and Mg > Mg?** 42
[Ne] 3s? [Ne]

In Na¥ ions the outer electronic level now bei
protons in the cation exceeds the number of electro
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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Table 3.5 lonic sizes of s —block elements.

IA Group ions Li* *
Na K* Rb* s’
Cation radius 0.0
s 60 0.095 0.133 0.148 0.169
LA Grou 8 : 5
ions P Be Mg"” Ca’ Se™" Ba®*
Cation radius 0.031 0
; 065
ki 0.099 D112 0.135

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

require considerable amount ot energy to form M, and M, ions respec-

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

2 . . . . .
M?* | the energy required in the formation of gaseous ions Is off set by the

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

3.6.

Table 3.6 Enthalpies of Hydration for s —block elements inKJ mol ™",

LA™ Na® K”* Rb* Cs*
-499 -390 -306 -281 .248
Be’" Mg’* Cx* Se2* Ba®"
.2425 -1891 -1562 -1414 -1273

The alkaline earth metal ions ( M~

24
metal ions (M'*) because M" " ions
increases with decrea

ions. Hydration enthalpy

both for M'* and M*" ions.
metal ions as shown by its high neg

enthalpy of hydration. The same s true

.

*) are more strongly hydrated than alkali
have a stronger electric field than M
sing size of the ion and it is true
Thus Li'* is the most readily hydrated of the alkali
ative value and small ionic size for the
for the Be** ions in the [IA group ions.

The ease of hydration falls down the group with increasing size of the ion.
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(vi) Electrode Potentials:— The s —block elements are powerful ‘cducing
- f 4 . ; . ) . .
agents and this is evident from their high negative aqueous electrode POtentjg);

(reduction)e.g, Lil, /Li,, couple has exceptionally h'ghh Inegati:fe electrode

potential because of its large value tor the h)’dl’a“‘)‘;1 enthalpy lWthh Promoje

oxidation of Li,,, toform Li}, ion. 'I;he electrode potentia ?/alucs are ygeq

to predict the ease of the formation of M ions from the respective mety] atomg
Table 3.7 shows the electrode potential values of s —block elements,

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

IA Group elements E°(V) lIA Group elements EO(V)ﬁ
Li*/Li -3.05 Be?*/Be -1.85 i
Na*/Na 271 Mg?* /Mg 237
K*/K -2.93 Ca’*/Ca -2.87
Rb*/Rb -2.93 Sr** /st -2.89
Cs /Cs 292 Ba2+ /Ba 290

of s —block elements are listed in table 3.8

26



Rectangle


Table 3.8 Densities of s — block elements

——

[A Group Li
clements : Na K Rb Cs
Density _6-;—_;__"—
(g.cm-3) 0.67 0.86 1.53 1.90
___-_-_‘_‘_____'—"'_"-————._
lIA group Ba M
elements & Ca Sr Ba
Density 1.85 1.74 2.54 2.62 335
(g.cm-9)

The densities of elements increase as t
earth metals are, however, denser than

period.

he groups are descended. Alkaline
corresponding alkali metals in the given

The IA 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 IIA 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
i 64 39 29
Melting point 180 98
(°C) -
774 688 0
Boiling point 1330 890
(°C) S :
Ca r a
ILA group Be Mg
elements
850 768 114
Melting point 1280 650
(°C)
i 2110 1487 1380 1640
Boiling point 2477
(°C)
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3.3 CHEMICAL PROPERTIES OF s—BLOCK ELEMENTS

All the s —block elements of the periodic table except Be and Mg are highl
reactive elements. The reactivity increases down ez}ch group and element§ of
lithium group are more reactive than corresponding members of beryllium
family. Thus metallic caesium (Cs )is the most reactive il Wi =Tl
elements.

The chemistry of s-block elements is dominated by their tendency to loose
s-valence electrons and to attain the stable inert gas conflguratlon. Aias tende.n-
cy is supported by low ionization enthalpy and high negative electrode potential

values for these elements. They are among the most powerful re.duc;ng agents
and combine directly with most non — metals yielding binary lonic salts.

Reactions with Halogens: —
2M + X,
M+ X,

2MX (M = Li, Na, etc)

MX, (M= Be, Mg, etc)
Reactions with Hydrogen: —
2M + H,

M+ H,

2MH (All alkali metals)
MH, (M = Ca, Sr, Ba).
Reactions with Nitrogen: —

6M + N,

— 2M;N (All alkali metal nitrides)
M,N, (All alkaline ea

3M + N,

rth metal nitrides except Be).

Reactions with Oxygen: The alkali and

combine with oxygen producing variet

alkaline earth metals directly
(O?

g y of compounds, e.g, normal oxides

" ). peroxides (0;7) and super oxides (O-T‘) T _
o ) L nc t dC'
pends upon the metal and conditions, 2 Fpe ‘o Ly prepiact

4Li + O, 2Li,O (Lithium oxide)

2Na + O, Na,O,(Sodium peroxide)

M+ O, MO, (Super oxide M=K Rb, Cs)
2M + O, 2MO (M = Be, Mg, Ca)

M+0,

MO, (Peroxides M =S, Ba)
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with w
with water violently and
hydrated metal oxide on
from extensive corrosio

C;P[l\:)[soiirl of the alkali and alkaline earth metals react
Faren r?ly. Be and Mg form a protective coating of
nb 'u ace by the action of water and are protected

Yy water. Magnesium reacts more extensively with

boiling water.
2M + 2H,0 ZMTOH
(Alkali metals) O % Ha
M + 2H,0 M** (OH), (v + H, ¢,

(Alkaline metals)

Boil
Mg + 2H,0 —=—« 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 free in nature butare found in variety of compounds which are very stable.
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 chloride 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.

Fused sodium chloride
- = (and calcium chloride)

Fig. 3.1
Electrolysis of Ir’on gauze
fusedNaCl. | (A ssesd oo diaphragm

Carbon

lran
anode

cathode
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In this process a mixture of sodium chlloridc -and.caICl{)lfflkChlgzlld? 1S
electrolyzed in a cylindrical outer iron cell lined with flltf:- ricks. Clun
chloride is added to sodium chloride to decrca.sc the fusllon .lcmpeoraturc 19
about 600°C (The melting point of pure sodium chloride is 8011(2_). This
lowering in melting temperature makes the process feasible. T}?cdcc Elfli fitted
with a central graphite anode and a syrroundmg iron catho . e two
electrodes arc separated by a cylindrical iron gauze dlaphragm'whlch i
the graphite anode from the ring —shaped iron cathode. This keeps away the
molten sodium metal which floats to the top of the cathode comgartmf_:nl 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
metal but calcium being much denser than sodium, does not mix with it and can
easily be separated. During electrolysis of molten salts Na™ and CI™ are free
to move to the respective electrodes and the following reactions occur:

Cathode Anode

Na™ ions migrate to the cathode and

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

are oxidized by the loss of electrons.

—

Na* + ¢ Na

£ 2CT —=Cl, ,, + 2¢

Over ail reaction will be ag illustrated below:
INa™ + 268 Yoo ]

2] St

) Claw + 267 Anode reaction
2Na™ + 201 2Na  + Q1

(1) 2(g)

2Na, Cathode reaction

(b)The Alkaline Earth Metals: Ma
(MgCl,

1S extra
mixtur

gne

sium occur as carnallite double salt
‘KCL6H,0), as Magnesite (MgCO

6H, ) 2nd Dolomite (MgCO, CaCO,). I
cted in different ways. Fused carnallite can be directly electrolyzed or 3
¢ of chlorides for electrolysis can b

| € obtained by heating the carbonate
ores and heating the resulting oxides with :

carbon and chlorine, e.g,
MRCO, = e g MgO,, + CO
. MgO,, +C,, + £ Lo ——  MgQl,,, + CO,,

2(x)
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Alternately, magnesium : ol
i : chloride in recipitated as mag-
nesium hydroxide by adding slakeq Iimcsca water can be precip

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

Magnesium hydroxide j i
¢ Is heated to obtain magnesi ide which is con-
verted to chloride as above. o e

hlc?lcmm met:&l is obtained by electrolysis of a fused mixture of calcium
chloride and calcium fluoride, the latter lowers the melting point. '

. Barium occurs as Baryt.és (BaSO,) and Whiterite (BaCO,). The carbonate
Is converted 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

(i) ium 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 from under 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.

ca'ci,, + NaCOJ CaCO,,,, + 2NaCl

Mg(OH), + 2NaCl,,,,

Mg’*dm, + 2NaOH,,,

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
n chemical industry, itis used in the manufacture of sodium metal,
dium hydroxide, sodium carbonate, sodium hypochlorite (1)

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

(if) Sodium Carbonate (Na,CO,):—  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 steps and its
flow —sheet diagram is shown in Fig 3.2.

NH, +NaCl solution

\ "

Ammqnical brine
1]

T__n—‘r-—_ —Wasle gases

‘-"—--A
P i
™" g
-:: =2 ,Solvay tower
-‘ “L
"--b'k

¥
-

KEKK

K

X

—

Fig. 3.2 @_fj_

Ammonia-Solvay Suspension ol NaHCO,
process Fitration } ek
ea

+ NH,Cl NaHCO,~—— CO, + Na,CO,'
Heat ,_{ Theat
| Cac‘; |

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.

Step II — Carbonation of Ammoniated Brine: 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 upthe carbon dioxide into small bubbles to ensure good conditions

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

Heal

2NH, , + CO,,, + H,0,, 2NH”:{“”+ O,
CO:(-IQ)+ COI(I:J + HZO“) ZHCds(aq)

Hydrogen carbonate ion
(Bi carbonate ion)
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L,

[-2NH, + CO, + H,0 (NH)), CG,q,,

>4 -3 -
I+ (NH},C0}, + CO,,, + H,0, ——2NH,, HCOz0

- -
The NH, and HCO;ions then react with Na* and Cl™ ions of brine to
precipitate less soluble sodium hydrogen carbonate leaving ions of ammonium
and chloride (NH and CI7) in solution,
+] =l +1 wslf +
NaCl + NH HCO, —— NaHCO,, + NHCI,,,
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.

Step ITI — Conversion to Sodium Carbongte:— The sodium hydrogen

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

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

The CO. liberated by this reaction is recycled to the carbonating tower. Soda
’ from hot aqueous solution and yiclds sodium

ash is re — crystallized : a
carbonate dcca hydrate (Na,CO..lOH,O) Whlc.h lS know as W&Shlng soda.

Sources of Materialsi—
(i) Brine is obtained from natural sources of common salt.
tained by heating limestone; large deposits of which

(ii) Carbon dioxide is ob
are found in nature.
CaCoO,,,, — Can .+ CO, »
lime stone Quick lime

iii) Ammonia is recovered from the solu}ion of.agmnonium chloride left
e, f NaHCO, by vacuum filtration. Thisis done by steam — heat-

after theremovalo 1C0, _
ing the solution with quick lime-obtained above.
GO, + H,O,, - Ca(OH), |

+ Ca(OH)’h) —-——-—"Cacl:w + ZH’OW + 2NH|(IJ

2NH [ Cl,
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Uses of Sodium Carbonate;— Sodium carbonate has extensive uses: €.g.
y fusing

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

Na,CO, + Si0, Na,SiO; + O s
sand or silica  water glass

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

carbonate and anhydrous sodium carbonate.
(2) Washing soda is used as water —softener as it precipitates calcium 10ns

from water as carbonate.

CaCo, , + 2Na

Ca2+

(ra)

+ NazCO

3(aq)

(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,O + 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 be handled
carefully because it is caustic to touch and causes painful burns. It is commonl
known as caustic soda. ' 4

Sodium hydroxide is now manufactured by an elect i
Castner — Kellner's process, d rolytic process, known as

Castner-Kellner’s process :- This process is used for the preparation

of sodium hydroxide.

Construction and working of Castner-Eellner's cell:- This cell is
dlagrammetically shown In figure 3.3. The electrolyte is 25% w/w

solution of sodium chloride containing Na and C1 lons as:

2INaCl —¥r 9N a+2C1.
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The anode consists of a number of titanlum plales where
chlorine is liberated,

2Cl »Cl, +2¢ (Oxidation)
The cathode Is a stecam of flowing mercury. In ordinary process

ﬁ{)eleCleysls of acqueous solutlon of sodium chloride, H, and Cl, are
erated at cathode and 3110(]C+TCSI)CCchly as H' ions arc more CZISLI_Y

discharged as compared to Ng lons.

: Titanium
Chlorine + anodes

Used
——p~ godium chloride
solution

f Hydrogen

(— =
Mercury | cathode Amalgam
ot Sodium
== = hydroxide
Graphile solution
Mercury blocks
Waler —= = <— DENUCER
\ Mercury
S ;
pump e
Mercury

Fig: 3.3 Electrolytic manufacture of sodium hydroxide

In castner — Kellner's process. H* lons arc nol easlly discharged
due to high voltage of H* lons, on the conlrary Na lcns arc casily
discharged over mercury surface. The sodlum, thus liberated dis-

solves in mercury forming an amalgam,
N
2Na+2c - 2Na (Reduction)
Na + Hg — — Na / Hg (Amalgam)
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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 morc of sodiun.n. 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:- () This process consumes large

quantity of electricity. (ii) 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—Itisa
white deliquescent and slightly translucent solid. It melts at 322°C with the

qecomposition. It is highly soluble in water and dissolution evolves large quan-
tities of heat.

M Sodium hydroxide is a strong alkali and ionizes fully as Na* and OH™
ions in splut}on. Its characteristic alkaline properties include its action on
indicators (Litmus turns blue) and neutralization reactions, e.g.,

Na* OH;

SR ewes
Q) +H Cl(uq)

e
-~ Na a,.,t HO.

(ii) Sodium hydroxide reacts with ammoni : .
: um salts
ammonia; onwarming and liberates

NaOH+NH, CI - NH,'OH™"+NaCl
+1 =1

H-‘ (2q) OH(NJ . NHSII) + Hzotl)
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(iii) It precipitates in soluble metal hydroxides from their salts:

3+ "
F 30Huu — Fe(OH)

(aq)

A

However, when precipi : ; , :
' pitated hydroxides are amphoteric, they redissolve in
excess of sodium hydroxide forming complex anions, e.g.,

2+

Zn aey T ZOH;“ Zn(OH)
ZH(OH)“‘, * ZOH(::)

@)
(Zn(OH), )2~
Teztrahydroxo —Zincate (II) ion

Uses:— SOC}ium hyc?roxidc 1sused in the preparation of variety of chemicals
such as phosphine, sodium chlorate (I) and sodium chiorate (V), etc.

In indust.ry, 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 (MgSQ,.H,0). It is prepared by the reaction of
sulphuric acid on magnesium metal, its oxide, hydroxide or carbonate e.g.

Mg + H, SO, — MgSO, + H,

MgO + H_SO, - MgSO, + H,0
Mg(OH), + H,SO, - MgSO, +2H,0
MgCO, *+ H,SO, — MgSQO, + H,0 + CO,

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

anhydrous magnesium sulphate,

(vi) Calcium Sulphate (CaSQO,): Calcium sulphate occurs in nature as
anhydride. It also occurs as dihydraic (CaSO, .2R,0). Calcium suiphate is
sparingly solublc solid and produces permanent hardness in walcr.

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

1. Explain the following;

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

(i) The first ionization enthalpies of alkali and alkaline earth metals are
generally 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 * jons are more readily hydrated than K* ions.

(ix) Alkali metals are powerful reducing agents.
(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.
Ol + Q05 +3H 0,

3(aq

60H __ +Cl,

(=q)

(xvi) Na* ions are discharged at the cathode in preference to H™ in the
Xvi

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,
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. w and under why,
2. Describe the extraction of sodium from common salt. Ho

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

3, Describe the physiochemical principles involved in the manufacture 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 chloride, (ii) Calcium sulphate, (iii) Bleaching powder
(iv) Magnesium sulphate. (v) Sodium hydrogen carbonate.

7. Compare the propeérties of alkali and alkaline earth metals with respect t0
their first ionization enthal

pies, electrode potentials, melting and boiling points
and hydration enthalpies.

8. Alkali and alkaline earth metals

: form only 1* and 2% jons respectively.
Explain.

9. Discuss the variations in electrone

ments.

gativity values and sizes of s—block el
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CHAPTER 4

P - BLOCK ELEMENTS

4.1 INTRODUCTION

The periodic 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 — |IA A > VIIIA

p-block
d-block

f-block

s — Block consists 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
ns?, np! to ns?, np®. 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: - 6C!2 = 1s?, 25, 2p? is the p — block element.
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It may be pointed out that the position of elements in periodic table dey,,
upon the total number of electrons in their valence shells. The group Ill_iTJI:'I.-
corresponds to the total number of electrons in their valence shells, ag o,
in table 4.2.

Table 4.2 Valence shell electrons

e
Group No. Element Configuration Total no: of valence electrgp,
T ——
A Boron 1s?, 2s? 2p’ 2
e
IVA Carbon 1s?, 2s? 2p? 4
VA Nitrogen 1s?, 2s% 2p° 5
VIA Oxygen 1s? 2s? 2p* 6
VIIA Fluorine 1s? 2s? 2p° 7

There are 30 elements in six sub—groups of p—block. Out of which 10 a»
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, gase

liquids and solids of p—Dblock.

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

GroupNo. |  MA IVA VA VIA VIIA VIIIA
__'_.__n-l'
Family Boron Carbon Nitrogen Oxygen Halogen Noblegas
E—_
B i C N 0 F Ne
_____...--'
Si 5 S Cl Ar
e
Kr
Se Br L B
Sb T Xe
e I st 5
. Pb Bi Po At Ra
D = Non-metals
D =  Metals
D =  Gases -
[] = Liquid
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Group - Trends:- The properties of elements depend upon the number
81‘1(‘1 arrangements of electrons in valence shells. Atoms with the same number
of valence electrons would be expected to be chemically similar. Though the
elements 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

01? valence electrons are these (ns?, nplj 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? 2e” .an!

Al 13 187, 28, 2p° 38, 3p"
Ga 31 17 247 , 2p°® , 3s% ,3p°, 3d™ 4s? , 4p'

It means B, Al and Ga possess 2, 10 and 28 inner electrons'r-espectively. D.ue
to this reason, we do not only observe in a group a simple repetition of properties
but also more or less marked and regular val:ianons. The regular variations in
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 pqtentlal decrease down the group. The group
trends in physical properties are discussed below:

(i) Atomic Radii: The atomic radii increase down the group in all “p — block”
clements. In each group, with the riS(_e of atomic numbers, the number ofenerg;
levels increase. Due to the increase in the nL},mber of energy levels, the atomlg-
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
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Table 4.5 Trend in atomic radii in p — block elements in
Angstrom unit (A°)

II1IA IVA VA VIA VIIA VIIIA
Ne
B 1 N O F
0.80 0. 77 0.74 0.74 0.72 1.60
Al Si P S 1 A
1.25 117 1.10 1.04 0.99 1.91
Ga Ge As Se Br Kr
1.25 1.22 1:.21 107 1.14 2.0
In Sn Sb Te [ Xe
1.50 1.40 1.41 1.37 1.38 2.2
4 B | Pb Bi Po At Rn
155 1.46 1.52 1.52 — -

(ii) Ionic Radii:~ Ions are formed by gain or loss of electrons. p — Block

elements include metals and non—metals, so
negative ions. It may be pointed out
atom and negative ion is bigger tha

they form positive as well as

that positive ion is smaller than its parent

n its parent atom.

lonic radii increase from top to bottom in each group of p — block elements
due to increasing atomic — radii. The values of lonic radii are given in table 4.6

Table 4.6 Trend in lonic radii in p — block elements in
Angstrom unit (A%

1A E** IVA E* VAES VIA E™2 VIIA (E)

B & N O

F

0.20 015 1.Z1 1.40 1.36

Al Si P S Cl =
0.50 0.41 212 1.84 1.81

Ga Ge As Se Br !
0.62 0.53 2,90 1.98 1.95

In Sn Sb Te I N
0.81 0.71 2.45 2.21 2.16

Tl Pb Bi Po At h
0.95 0.84
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iii) Electron boltcs
shar(ed) pair of el:é?if;‘%‘h; Thelrelative tendency of an atom to attract the
down the group in all p — i.f:)l Itit?lf is known as electronegativity. It decreases
fs faversaly Dropottiotsd b 3-(1: clements (except — I1IA). The electro negativity
group from top to bottom. h € atomic size. The atomic size increases in each
in p — block elements It, ence electronegativity decreases down each group
group is highest and l'astr;fgans the electronegativity of first element of each
Shotr T Tebled = ment is lowest. The trend in electronegativity is

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

IIIA IVA VA VIA VIIA | VIIIA
B C N O F Ne
2.0 2.5 3.1 3.5 4.0 =
Al Si P S Cl Ar
1.5 1.8 2.1 2.5 3.0 -
Ga Ge As Se Br Kr
1.6 1.7 2.0 2.4 2.8 =
In Sn Sb Te I Xe
1.7 1.7 1.8 21 2.5 -
T Pb Bi Po At Rn
1.8 1.7 1.7 2.0 2.2 =

.~ The amount of energy required to remove the

(iv) Ionization Potential equire ‘
tom, is called as ionization potential. It

outer most electron from a gaseous a
decreases down the group in all p — block elements — (except 111A) where there

is no regular change.
size and shielding effect of

The ionization potential depends upon_atomic shiel
inner energy levels. It is inversely proportional to the atomic size as well as
ller the size and lower is the shielding effect, the greater

shielding effect i.e. sma i L :
d hence greater will be the ionization potential.

will be the attraction an
d shielding effect increase down the group, hence ioniza-

The atomic size an L
down the group. The trend in ionization potential is

tion potential decreases
shown in table 4.8.
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Table 4.8 lonization potential tre
(Electron Volt)

ie. v=95KJ)appro

ximately.

nd in p — block elements

VIIIA
1A IVA VA VIA VIIA I
F Ne
B & N O
8.29 11.26 14.54 13.61 17.42 21:50
i Ar
Al Si S Cl
5.98 8.14 11.0 10.35 13.01 15.75
Ga Ge As Se Br Kr
6.0 6.13 10.0 9.75 11.84 13.99
In Sn Sb Te I Xe
5.78 1.8 8.64 9.01 10.44 1212
Tl Pb Bi Po At Rn

(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 “b — block” elements.
Metallic character depends upon ionization potential and electron population
of auter most sHgie Metallic character is tnversely proportional to both these
factors. The ionization potential and electron population of outer most shells

decrease down the group, hence metallic ch
. o afaCtEI‘ a * iy Aty
increases from top to bottom. s well as electropositivity

The explanation of metallic character on the basis of ele

of outer most shells is explained as under: ctron population

The ma'xirr?um capacity of electron accommodation of boron in its outer
most shell is eight electrons and that of aluminium is eighteennlmt1 ; Os
electrons.

2 Plon, i)
eg. B=5=1s,2s,2p" (outer most shell is L. The ratio is 3:8)
am_1.2,.2, 6 EEEE :
Al=13=1s",2s"2p", 3s",3p  (outer most shell is M. The ratio js 3:18)
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It means the electron population of aluminium is less than boron. Due to
less electron pgpulatlon, 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 IIIA group,
there is no regular trend, in IVA group, there is decrease, where as from VA to
VIIIA 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 cnanges 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 rlements.

Group No. [1TA [VA VA VIA VIIA VIIIA
Element B C N 0 F Ne
m.p°C 2300 - -210 -219 -223 -
b.p°C 2550 3840 -195.8 -183 -188 -246
Element Al Si r S Cl Ar
m.p°C 658 1410 44.1 119 102 -
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
El t In Sn Sb Te I Ve
nffﬁfé] 155 232 630 450 114 B
b.p°C 1450 2687 1325 1390 184 107
Element TI Pb Bi Po At Rn
m.p°C 303 327 271 2 _ N
b.p°C 1650 1751 1560 - _ 65
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4.2 BORIC ACID (H,BO,)

Preparation:-

(i) From Borax:- Boric acid is prepared by the a;tion -of sulph;]'n; :;‘it::lo on
hot solution of borax. The resulting solution on cooling gives cTys ric

acid.

Na,B,0, + H,SO, + 5H,0 ~ 4H,BO, + Na,SO,

(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 solub.le 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 proton 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 and forms metaboric acid (HBO,). At 140°C meta-boric acid changes
to pyroboric acid (H,B,0,) and on further heating it forms boric oxide.

. 100°C o =

i}  H;BO, ——» HBO, Metaboric acid

~H,0
i) aHBO, 140C, i
2 H,0 »B,0, (Pyroboric acid)

abov240°C
H,B,0, TH,0 + 2B,0,
Structure:- Boric acid forms w
units are linked together by hydro
layers lie 3.18°A apart from one another and h

iii)

Borax = NazB,O,,.lOHQO (Suhaga):

Borax is also known as sodium tetraborate decahydrate or tincal
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orthoboric acid (I)Borax is prepared by the action of NaOH or Na,CO, qn

4H BO,_, + 2 Y
3y NaOH Na,B O, + 7H,0

4H
B0, + Na,Co, ~Na,B O, + 6H,0 + CO,

(ii) Borax is obtained from cole ' '
m . .
concentrated solution of Na CO anite (Ca B O, .5H,O) when boiled with
2 3’ £

Ca,B,0,, +2Na,CO, - 2CaCO, + NaB,O, + 2NaBO,

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

. and forms an alkaline solution duc to hydrolysis.

» 2NaOH + 4H BO,

Na B O, + 7H O
I_t isused as flux in soldering and welding. It is used in tiles and pottery glazes
and in manufacturc of optical and hard glass (Pyrex and jena).

4.3 METALLURGY OF METALS

Aluminium does not occur free

Metallurgy of Aluminium: Occurrence:
s widely distributed in combined state. It comes third in

n in nature. It forms about 7.3% of the earth’s

in nature, but it i

abundance after oxygen and silico
crust. Its important ores are given below: —

(i) Kaolin = Al,0,.28i0,.2H,0

(a) Silicates:i—

(ii) Potash felspar = K,0.Al O,.65i0,

(iii) Potash —mica = K,0.3A1,0,.650,.2H,0
(b) ride; — (i) Cryolite= Na AlF,

(i) Alunite = K,SO,.Al,(SO,),4Al(OH),
(i) Bauxite = Al,O,.nH,O
(ii) Gibbisite = Al,O,.3H,0

(iii) Diaspore = Al,O..H O
(iv) Corundum = 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 varieties 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):— It occurs at Gobar—o—Bach in
Lutkho valley of Chitral.

Extraction of Aluminium

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

(a) Purification of bauxite to alumina.

(b) Electrolysis of Pure alumina,

Purification of Bauxite: —

| Ba}u.utc usuall.y com.ams oxides of iron (Fe,0,) and silica (SiO,) as chief
impurities. These impurities must be remov
quality because these impurities make the metal brittle and liable to corrosion.

I'he bauxite may be purified by any one of the followi :
i in
upon the nature of impurities present in it- g methods depending

edinorder to get aluminjum of good

(l). I;Iall_’s melhod:—_ ,TI“S.mClhod is used for the purification of bauxite
comaimng Fe,O, and silica (Si0,) as impurities, When finely divided bauxite
is fused with sodium carbonate (Na,C0,), it dissolves to fo dium -
aluminate, while the impurities Fe,0, and SiO, are left unaffeC{::j sodiu

Alzoa.nHzO + l\lum(.‘.():l - ZNaAIO2 * CO + nH,0
The fused mass is extracted with water |

eaving behind both ; ities. B
a1 y : s ' d 1 1mpurities. Pl
heating the so oblained sodium alumin l

ate (NaAlQ,) upto 50°C —60°C "
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F;:{;ifzfc of CO,, the precipitates of aluminium hydroxide [Al(OH),] are

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

The precipitates of Al(OH). ar .
C e washed t Na_CO._, dried and.
ignited at about 1500°C to get pl?rc alumin: e

Heat
2A1(0H)3 —p Alzoa % T3H O

(8]
1500°C Alumina g

(ii) Baeyer's method:— This method is used for the purification of ore

containing 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 O, , remaining part is same as described
in first method.

(iii) Serpek’s method: — This method is used for the purification of bauxite

containing excess of silica (SiO:). The powdered bauxite is mixed with carbon
and heated up to 1800°C in the current of nitrogen, when aluminiumnitride is

formed.
= 2AIN + 3CO + nH,0
Al,.O,.nH,0 + 3C + N, 2Al ks
SiO, + 2C Si + 2CO

Aluminium nitride on hydrolysis with hot water, produces precipitates of

AI(OH), and NH,

AIN + 3H,0
Aluminium hydroxide is filtered, dried and ignited, to get pure alumina.

~ Al(OH), +1NH,,

Heat
2A1(0H)3 ________-—-——’-A.Izos + 3H=O

Alumina
.\ Electrolysis of pure alumina: — The electrolysis is carried out in a steel
(iv) on (graphite). The carbon lining serves as cathode, where

i with carb : . i
finakn:)l(rjlzciis carbon rods hanging in the molten mass as given in fig.4.1
sists of alumina dissolved in fused cryolite and ﬂuor5par,

lyte con . .
The electroly Iting point of alumina i.e about 950°C and fluorspar

Cryolite lowers the me
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increases the fluidity of the melt, so that the liberated aluminium may sink at
Bntig;xmscd{hrnughihm

the bottom of electrolytic cell. When electric current ! ke a
mixture, then aluminium is obtained at cathode in liquid st_::tt.hf)f;cll sinks 1o
bottom from where it is drawn periodically through the tapping .

e

Molten
electrolyte

Anade

Steel tank

Carbon lining
as cathode

Molten
Aluminium

Fig. 4.1(a) Electrolysis of pure.Alumina

v) Refining of Aluminium by Hoope's Electrolytic method:- 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 aluml-
nlum with copper. This layer serves as anode. The middle layer
consists of a solution of cryolite Na,Al 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.

Le]

Impure molten
aluminium

Carbon rods

Frozen layer

of aluminium
Pure liquid =
Iminium acting =
as cathode ;
3 wrhocci o o mEE=
Tap for ' DR R e e v A
- ]
removing : XN D
aluminium 000 :::on:nn::::f::::::’ cob
00000000 AL [
00006000 oooooooooououqobo°o°o°,°°° coo Carbon fining
) . 0000000000000 00 a0
Fused mixture of TETE Ty Ty sa

Na, AlFg +BaF,

Al Cu, Si-alloy

as anode a, ) )
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e ?":;leh"-:’;:((:lgstis Al“‘.‘ jons from the middle layer migrate to the

Al3*ions arc )r«c‘:;dJ 1f3)’lzuc reduced to aluminium. Equal number of

fio st dle l£‘11 Sk EIC%d in the lower layer. These Al’*ions migrate to

ile waw 60 LY O’- urc aluminium is tapped ofl from time to ime. In
ay 99.99% purc aluminium is obtained. .

950 - 1000°
€, 3NaF+ All,

NajAlFg

AlF ;—=———AI"" + 3F~ .

A-lﬂ-i- 5 = "
+ 3e » Al

s A%t 4. 3e”

(goes Lo molten cryolite)

At cathode

At anode Al

Overall rcaction

AI’* + Al > Al + Al

Properties of Aluminium
| with brilliant silvery lusture

(a) Physical Pr ies: It is bluish white meta
which is soon destroyed by the layer of oxide formation. It is light and cheap and
he house hold utensils. It is malleable and ductile. It is

thus used in making t

resistant to corrosion. Its density is about 2.7 gm/ml. It melts at 658°C and boils

at 1800°C. It is good conductor o heat and eleétricity. [t is used in the manufac-

wre of electrical transmission wires.Aluminiim foil is used for wrapping choco-

Jates, medicines, cigarettes and photographlc ﬁlms': The mixture of aluminium
powder and aluminium nitrate, known as vammonal”, is used in explosive bombs.
It is used in the preparation of some important alloys, namely:

(i) Aluminium bronze : It contains 10% of Al and 90% of Cu.
stant to corrosionand golden in colour. It is used

This alloy is light, tough resist _
f imitation jewellery, coins and statues etc.

in the manufacture 0

(ii) Dura lumin:— Itis composed of 95% of Al, 4% of Cu, 0.5% of Mg and
0.5% of Ni. This alloy 18 light, tough, ductile, tensile and resistant to corrosion.
It is used in making acroplanes etc.

(b) Chemical Properties
Air:— Aluminium is not atfected by dry air at ordinary tempera-

(i) Action of
ture but moist air forms a thin film of oxide on its surface. This film protects the
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metal from further oxidation, hence aluminiurp is a self — prot.cctlt':dhtntlclaf:l‘ [f
aluminium is heated strongly in air, it burns with a brilliant white light to form
aluminium oxide.

4Al + 30, —»2A1,0, aH = —798.18 K cal / mol
(ii) Action of Acids; — Aluminium reacts (dissolves) with HCl and dil, H,SO
to form H, gas."
2Al + 6HCI - 2411, + 3H,
2Al + 3H,SO, dil: . A1(SO,), + 3H,

Concentrated and hot HQSQ‘ reacts with aluminium to form SO, and
Alz(SO‘ )

conc:

2Al + 6H, SO, Al(SO,), + 6H,0 + 380,

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, ZAJ)(3
Aluminium trihalide

2Al + 3Cl, 2AlCI,

2Al + 3Br, ———=2AIBr,

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

e.g.

2Al + 2NaOH + 2H,0 ~ 2NaAlO, + 3H,

Sodium aluminate

— 2KAIO, + 3H,

v) Action of Nitrogen;— When aluminium
7007°C, it forms aluminium nitride:

e.8.

2Al + 2KOH + 2H,0

is heated with nitrogen up

2A1 + N, - 2AIN
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(vi) Action of Carbon:— When aluminium is heated with carbon up to
20007C, it forms aluminium carbide:

e.g.
4Al +3C —— 4 C,
Aluminium carbide

(vii) Aluminium as Reducing Agent:— Aluminium is a powerful reducing
?:gem. It readily reduces the oxides of most of the other meztals just like Fe, Mn,
r etc: :

e.g.

J+
Fe, O, + 2Al —— 2Fe® + AL,0,

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".

m it 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; (SO, ),-24H,0
(NH,),S0O, .Cr, (SO, );-24H,0
(NH, ), SO, AlL(SO,), .24H,0
Out of these alums, the ordinary is potash—alum

(Kzso‘ Al (SO, ):l .24H,0). [t is commonly known as phitkari.

ration: — It is prepared.by mixing l-he"solutions of K SO, qnu‘
AL (SO,), in equimoleculer quantities. The solution 1(sjevap0rated to saturation
and allowed to cool when crystals of alum are formed.

It is white crystallization solid, readily soluble in water ang
of water. It is used for tanning leather, sizing paper and in

A5

Properties:
used in purification

o e —
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foam type fire extinguishers. When alum is heated, it melts at 92°C and swelj;
up, loses the whole of its water of crystallization at 200°C to form porous mas
called burnt alum or "phul - Phitkari",

. ' ' f Maki—Nai in Ranikg
Qceurrence of Alum;= It occurs in Gajbeds o : : *
Dadu and Shah Hassan near Trimuhi in Khairpur, Sh?‘.dei?: IE léhy.b“
agency; Jatta and near Dozha Banda in Kohat district; Sani in & . ‘i R =]
Sultan, north Nokkunda as well as in salt range in KalaBagh Chi chali pass neq

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 a}lotropcs. 'ch
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) Amorphous

(a) Crystalline forms: — There are two crystalline forms namely:

(i) Diamond and (ii) Graphite.
(b) Amorphous forms: — There are various amorphous allotropic forms of

carbon namely coal, coke, charcqal, lamp black etc.
(i} Diamond -

i=1In pure state, it is crystalline solid. It is hardes!

natural substance known. Its density is about 3.51 g/cm>. Diamond pOssesses

highrefractive index i.e 2.45, due to which, it acquires great brilliance. [t is a bad

;condRuctor l?f clcc;nclg and melts at 3500°C, Pyre Diamond is transparent {0

—ays, ience A—Ray is used 10 distinguish berween imivar: ure

diamond. The value of diamond depends upiun its Wl by o
diamonds are colourless but due to presence of iti

of impurities, they are alsq, blue

green, yfel low, red or black. The black diamonds {(Bort and carboynado) are used

for drilling and boring rocks etc because they are not suitable as gem — stoncs

The well known diamonds are K ¢ .
oh—i- noor, Regent ior. Victona
Hope, Star of South and Cullinan etc. sent. - Excelsior,

tructur [amond, In diamond ¢ach carbon atom is covalently ”nk".d

with four other carbon atoms 1o give basic :
; . etrahedr uni!
is shown in figure 4.2, alunit. The tetrahedral
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These basic tetrahe

, dral uni ite wi :
unit cell of diamond as ts unite with one another and produce the cubic

shown in figure 4.3,

mc l i i H H . ]
atlice pictured in figure 4.3 continues indefinitely in three dimensions

and form over al| $trueture of diamond.

C

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. Duc to this rcason diamond is bad

conductor of electric current,

In diamond each carbon atomis bonded strongly to four other carbon atoms
which are located at the corner ofregular 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, sirong and definite. The
carbon —carbon bond length is 1.54°A and bond energy for each carbon — carb-
on bond is 347 KI mol™ ¥ 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. Tt is soft and greasy to feel. It is used as lubricant. Its density is about 2.2
g/cm3 and lighter than diamond. [tis good conductor of electricity and hence
used in the preparation ofclcctrgdcs. It l_cavcs plack m.ar.k on paper, so it is used
in making pencils. It possesses high melting point and it is used as moderator in
nuclear reactors.

Structure:— In graphite each carbon atom is trigonally (sp*) hybridized and
covalently linked with three other C atoms 1o give basic hexagonal ring.
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The hexagonal rings then form different layers in Bfﬂphi‘c-Thi;c layers are
3.35°A away from one another and held together by weak Vander gal 5 forceg
of attraction. The inter layer binding energy is very low and it 1s about 39

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

i
C> 3.35A

Fig. 4.4

Basic hexagonal ring in graphite

Fig. 4.5
Structure of graphite

Inhexagonal ringsC—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 imgr planner distance (3.35°A), the layers slide easily overone
another that is why it is soft and used as lubricant.

4.5 LEAD PIGMENTS

Leada torms various types of pigments wh

: ich are used to give the propé’
colour to paints etc. Some of them are describ . ’

ed below:
(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)Whi!c ]f.‘ad i 1ent: l[ iS . .
= Yoo basic lead carbonate and has approximately
CompOSlllon a8 [ZPbCOJ‘Pb(OH)z] or Pb,(OH)’.(COa)z

Preparation; —

<hamber process or Duch process:— When a mixture of the vapours of

(aggtcllfcg?gbzz? ;tegn& IS passed into the chambers containing lead sheets

(8 - = days, until the corrosion of lead is complete. By passing

ure of CO, and vapours of acetic acid through this corroded lead for

about 3 'T4WCC|<S. the "White Lead"is formed on the surface of lead sheets. This
product is then scratched, dried and packed.

[Pb(OH),.Pb(CH,COO), ]
+ 2k,

2Pb + 2CH,COOH + 2H,0 —

3[Pb(OH), .Pb(CH,COO0),]+2H,0 +2CO, —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, +2CO, +2H,0 + Pb(CH,COO0),

It is used as white pigment for paints, b}:t it gradgally 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);— It is called as triplumbic tetraoxide or

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

red by heating lead monoxide (litharge) in 2

Preparation;— It is prepa
g — : f air at about 450°C.

revolving furnace with excess 0

450°C
6PbO + O, rrf:(hgd
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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 impurnues. It is insolub)a
in water but soluble in acids.

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

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

Pb(NQ,), + K,CrO, — PbCr0O, + 2KNO,
N
" Chrome yellow

(2) Itis also prepared by the action of K,CrO, on lead acctate.

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: — It is basic lead chromate and its composition is
PbCrO, .PbO or Pb,CrO,.

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

> Na,CrO, + Pb,CrO, + H,O
Chrome red

It is dark red pigment and is used in paints.

(v) Turner’s yellow pigment: — Its composition is PbClL,.4PbO.

~ Preparation;— Itis prepared by boiling the solu; : e wil
litharge (PbO) and then heating to solid pgroduct. £ odiushionde

SPbO + H,0 + 2NaCl

— 2NaOH + PbCl, .4PbO

Turner's yellow
Itis also used as lead pigment in paints.
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Except above pigments, yellow lead monoxide (massicot) and red lead
monoxide (Litharge or Murda —Sang) also used in paints.

4.6 NITRIC ACID (HNOg)

Nitric acid is prepared-comumercially by the pxidation of ammo-
nia by Ostwald's method. In this method ammonia is oxidised to NO
in the presence of platinum as catalyst at 600°C. NO then combines

;v;ng oxygen of air forming NO2 which is dissolved in water Lo produce
3.

t
4NH; + 50, == 4NO+6H,0 AH =-24.8 kcal
600°C

2NO + 0, &—= 2NO,
3N02+Hzo _—__"__'72HNO3+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 contalns platinum gauge heated to a
temperature of 600°C in thc beginning, the temperature is then
maintained due to exothermic rcaction of oxidation of NH,.

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

tc NO,.

(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 NOz gas till maximum saturation is obtained.
The nitric acid obtained by this process Is 68%. Further concentration
is achieved by passing vapours of HNOj over sulphuric acld.
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A.  Slight window to check temperature.
B. Ammonia Oxidation Converter.
C.  Electrically heated platinum guaze to start
D. Boiler
E. Oxidation Chamber
F.  Abstpiion Wowsrs Fig. 4.6  Preparation of Nitric acid
G. Pumps

Physical Properties of HNO,

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 abou!

1.4 g/,
(bs) Concentrated nitric acid containing 98% HNO, and density
1.51 gA.

(c) Fuming nitric acid containin

dissolved oxid : 0.)art
reddish —yellow liquid. : xides of nitrogen (NO,)

Structure of HN()3 t—
In vapour phase, the nitric acid m . g
" 1 OICO.I[C : = : 31t
arranged as given in fig.4.7. 's planar in which atoms
H 0
|;“ 115° sty 2
9 /'\ :
0 N )13q0
1.41°

1150 \———=1.22°7
0

FIg. 4.7 Swucture of Nitri '
: Itric acid in Vapour phase
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The structure of nitric ac

figure 4.8. id crystal in solid state at about — 42°C s given in

H 0

112.5% .
Iﬁoo T T 1.24 %A
o] N )135°

1.30°A 41259 1.24 94

(0]
Flg. 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) Agidic properties: — It is strong acid because it reacts easily with water

to form hydronium ion HJ,C}_+ (i.e it provides H™ ion). It is monoprotic acid,
because it loses only one H™ ion. At the same time it neutralizes bases, hence

it acts as an acid.

-1
(a) HNO, + H,U ~ H,0" + NO,
(b) HNO, + NaOH > NaNO, + H,0

(ii) Oxidizing properties :— Nitric aci.d is strong oxfidizing agent. The oxidiz-
ing properties of nitricacid are dm.: to the instability of its molecule and presence
of nitrogen in its highest oxidation state of +5. During oxidation nitrogen
changes from +5 oxidation state to —3. The degree of oxidation depends upon
the concentration of acid and nature of element. Lower the concentration of
acid and higher the reactivity of element, then greater would be the degree of

oxidation. For example:

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

conc _, Cuy(NO,), + 2NO, + 2H,0

Cu + 4HNO=
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(b) Dilute HNO, is reduced to NO.

3Cu + 8HNO, — 41, 3Cy(NO,), + 2NO + 4H,0.
(c) Dilute HNO, with more active metal reduced to N,O
4Mg + 10HNO, -+ 4Mg(NO,), + N,O + 5H,0

(d) Very dilute acid with more active metal reduced to NH NO_.
4Zn + 10HNO,

»~4Zn(NO;,), + NH‘NO:‘ - 3H20.
Nitric acid also oxidizes non — metals and it is reduced to NOT

S + 6HNO, = H SO, + 6NO, + 2H O
P + SHNO, = HPO, + SNQ. + HO
Si + 4HNO,

= SiO, + 4NO, + 2H O

ropertics (Agent):- HNOj replaecs one or more
hydrogen atoms of organic compounds with nitro group and acts as
a nitrating agent .e.g.

iil) Nitratin

(@) When vapours of HNO; and alkkane are passcd through coppertube
at 450°C, nitro alkane is formed.,

Cu
CH4 + HONOz A50°C > CH3N02 3 Hzo

(b) It reacts with benzene in the

presence of stO4 (Conc.) and forms
nitro benzene.

Vs Noz

H,SO
+HON02 2°-4 b +H20
AN
Nilro benzene
NO

2 N02

3 H,50

FHONO, —H2504 | )
NO;,_

mel"‘“di"ﬂitl‘obenzcne
[t is an important chernical cOmpound. Large amounts of
HINOs3 are used in the manufacture of fertilize

i : ; ceall

- : : : HZETS, Just like ammonium nitrd'
and sodium nitrate. [tis used in Glyceryl —trinitrate (“ilfo-gl)‘ccrinc). 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 HNQ, (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 + 2C]
Nitrosyl-
hlorid

Au + 3C] —> AuCl, 5

+ =

AuCl, + HCI -+ H[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:

(i) Crystalline sulphur

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

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

: (a) @ombic sulphur:- It is stable crystalline form at ordinary tempe-
ature. It is prepared by slow evaporation of solution of ordinary sulphur in

€arbon disulphide,

CWSW It is ordinary form of sul.phur. It is in the form of pale yellow
Conditic;n g vmdg lemon-yellow powder. It is the only stable form at ordinary
12.8% 1 an most of the other forms pass into it on standing. It melts at

- 1ts density is about 2.1 gm/cm?® at 20°C. It is soluble in carbon disul-

Phide (g
of heat( 2) petroleum, 82012! benzene and turpentine. It is non — conductor
and electricity.

Struc . .
givin‘g‘?g}tl%l'&: Rhombxc? sulphur consists of sulphur atoms in S; molecules
rings. T, d‘fffnfmber'ed rings. Each S; molecule has the form of puckered
tlerent views of rings are given below in figure 4.9

65


Rectangle


Side view of Top view of
Sg molecule Sy 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 bone
distance is 2.12°A and S—S—S bond angle is 105°. These puckered rings uni
with one another and form the crystal of rhombic sulphur. These rings are helt
together by Vander Waal's forces of attraction. The shape of rhombic crysta.
given below in figure 4.10

Fig. 4.10 Crystal of rhombic sulphur

AP

(b) Monoclinic sulphur:- It is dark yellow transparent needle like crystd
on standing the (I‘,Sld]% ecome opaque, brittle and Lemon — yellow in colov )
[t melts at 119.25 °C. It is soluble i m carbon disulphide (CS,,) but mbnlul‘l

water. It is stable between 95.5°C and 119.25°C. The tmnsiolllll“‘” ¢
monoclinic sulphur to rhombic sulphur is reversible. Below 955 'C. the rhon”
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1 . - > Qe st .
sulphur is stable and above 95.5°C monoclinic sulphur is stable. This t2rmp
- iy { 1 i,n'l—

ture at which both forms of sulphur are in equilibrium is called as irans
temperature i.e is about 95.5°C. b
: 55T
Rhombic sulphur = = Monoclinic sulphur

Str:t_xcture of Monoclinic sulphur: — Monoclinic sulphur consists of sulphur
atoms in S, molecules giving eight membered puckered rings just like rho}n}'_;;:
sulphur. The only.dxffercnce is the difference in the shapes of their crystals. "fr
crystal of monoclinic sulphur is needle shaped as given in figure 4.11. :

Fig. 4.11
Crystal of monoclinic sulphur

b

— sulphur:~ When molten sulphur is heated up
hin strearn into cold water, it turns into elastic

(ii) Plastic Sulphur or Yy
10 boiling and then poured with at .
rubber like material which is called plastic sulphur.

Properties: — Itissoft, sticky rubber like material. Its specific gravity is 1.92,
It is soluble in CS,. It on standing, is converted into opaque brittle solid

containing some rhombic sulphur..
phur is composed of long chains of sulphur

Structure:— The plastic sul g :
atoms coiled up as given in figure 4.12. The elasticity of plastic sulphur is due to
hains and then recoiling of chains by the release of

uncoiling of long sulphur ¢
S
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°C _
1) Yrom Suiphur: —
650°C, it forms H,S.

H, + S — H,S

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

Sb,S, + 6HCI > 25bCl, + 3H,S

(iii) From ZnS:— When ZnS is treated with HC, it forms H,S

ZnS + 2HC] ~ZnCl, + H,S

(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,SO, ——— & FeSO, + H,S
FeS + 2HCl ———» FeCl, + H,S

Prop,u-tie_s:.— Itis a colourless gas with unpleasant smell just like that of
rouen eggs. It is little heavier than aj

rie 1.2 times heavier than ajr It liquifies
0 alce |
at — 6.0.8 C a:}d sohd_lﬁ.es at — 85.7°C. 1t is very toxic gas and pro!onged
mh.ala..lon of air containing H_S gas even in small quantities causes serios
poisorung. The best antidote in the case of H

: . S poisoning in v ilute chloriné:
IllSSOlublcmwalerandsolution 2>P gnvery dilute

" o ton ot H.Sinwater is calleq as "hydrogen sulphic¢
water”. Its solution in water is acidic in natyre,

HS + H,O

~HS + H Ot (K,=1.0x10)
HS + H,0

-2
=S +HOY (K.=10x10"
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It burns with blue flame in air to form SO, and H,O

2H,0 + 250,

2H,S + 30,

lg 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, — 2H Br+S°

2FeCl, + H,8" — 2FeCl, +5° +2HCI
2HNO, + H,S* = 2NO, +S° +2H,0
H, §0,+H,S" - S0, +S'+2H0

Structure;— The molecule of H,Sis non-linear. The angle between HSH
i 92.2° and the bond distance between S and H is 1.34°A

|

S

B

Fig. 4.13 Structure of hydrogen sulphide H ézgﬂ 34°A%)
AN ya

H

4.9 SULPHURIC ACID (H,50)

- [ J—

u h
roduces pure sulphuric acid, is the contact

od which
Sy et / oly at the end of last century.

The present
lly began to be usedo

method. It actua

0d SO, is produced by burning sulphur or iron pyrites in pyrite

In this meth
burners.

— SO,

S+0,
or
4F¢S’ o ]loz il b

> 2Fe,0,,, + 850

g
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:0. and air mixture should pa

It is very important in contact method that S: 2 AL et (hE T it

free from %pu?’uies, which poison the f:alalysl. rsﬁirnt;l;nd g foecs, {nrit

SO, and air is passed through special filters, W:jl g oassed through COﬂIarT

washed, dried and purified mixture of SO, an a se’nce o Vanadiuén‘
tower. In this tower SO, is oxidized to SO, 1n pPre

pentaoxide (V, O, ).

V,O,, e 2503 AH = —45 Kcal

250, + 0, =
2volumes 1volume 2 volumes

Since the reaction is reversible and exothermic, the favourablg conditions
for obtaining maximum yield of SO, are (a) low temperature (b) high pressure
and (c) excess of O,. In actual practical, however a tempe rature of 450 —500°C
appears to be optimum temperature in the presence of catalyst and pressure of
1.5 10 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 contacttower is absorbed first by H,SO, concentrated
to form oleum,

SO, + H,SO,

Y

H,S,0, (Oleum)

_ Oleum_ts then absorbed in calculated amount of water in order to get the
acid of desired concentration.

stzor + H,0

~ 2H,50,

The continuous natu : ;
I’C Of a . . n
figure 4.14 this process is shown diagrammatically

It should be mentioned that the heat Produced during this process
250, + O,

230, AH = —45 Kcal

: ; oy
" [; fiec(:i:::{ihc p;oclzcss :0 generate steam from water which supply powe 10’
¥ es of the plant. For exam &

= - ' ple, pump 10 move the acid from 0
;?wer l‘o other and mnslto move gases from onI:; reaction tower 10 anoth“;
ractically all the operations are done by automatjc hi hence 2 plar
that turns out 100 tons of acid per day may be manncrdn§; ;gr;);- - worker®
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Physical properties of H SO Sulphuric acid is colourless, odourless, vy,

en known as oul of vitriol. Tt melts at 10.5°C and bojj; 2
;g‘égé”}lt’ :;(:ll;lgdroggaplc and corrosive in nature. The vaglgus fr?(rjrréiofsulphmc
acid are (a) Dilute sulphuric acid containing 65% H da "’ tmw i$ 1,55
g/em® (b) Concentrated sulphunc acid of laboratory Efahe ndammg 082
H,SO, and density is 1.839 g/em’ (¢) 100% 5u1phunc acid a;bncg Segsw 1.8%
gjcm and (d) Furrung sulphuric acid contaning dissolved 20% havi
density 1.929 g/cm’.

Structure of H SO — 100% sulphuric acid which is covalent compoung,

like sulphate ion, thc molcculc of H,SO, hasa tetrahedral structure as giveni
figure 4.15.

O

H

Fig. 4.15 /
f ic acid
Structure of sulphuric aci HOZ

/u,

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

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

iGN =i OO /o--
..-_.._H.._.o/ \o______H___ 0/ \O-- --H——O/ \0 -----

Fig. 4.16 Hydrogen bonding in sulphuric acid

Chemical properties;— The chemical

i ided i
following sets: properties of H, SO, are divi

-~

(a) Acidic properties (b) Oxidizin

I ro i tin prOF"‘r
ties (d) Sulphonating properties & Properties (c¢) Dehydrating
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(a) Acl_d_lc_pmaLrtl_tL_ Itis strong acid, because it reacts with water to form
h)«‘dI'OI'lllllTl ion (i.e it provides H ion). Itis diprotic acid becausc 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,SO, + H,0O

- g W
H,0" + HSO,

Ty

(i) HSO, + H,O > H0" + SO,

=

[t also neutralizes bases and forms two series of salts.

(i) NaOH + H, S0, ~ NaHSO, + H,0
(ii) NaHSO, + NaOH Na,SO, + 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 (¢) temperature,

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

Zn + H,SO, Ut 7150 - 1

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

to form SO, and metal sulphatcs

Cu + 2H,S0, "E“"‘ ~ CuSO, + SO, + 2H,0
ot

Reactive metals with concentrated acid form different products, such as

4Zn + SH,50, ——020 M 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
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(¢) Dehydrating propertfies:— Sulphuric acid has great affinity for wage,
\ence it extracts the elements of water from other compounds. This type

-eaction is called as dehydration reaction. [t extracts water molecules frop
{ifferent compounds and forms different products.

anc.
C, H:0, +H,S0, — _. 12C + 11H,0 + H,S0,

sugar

Hzczo‘ & sto" conc. e CO + CO; + H.‘.O + HZSO'
Oxalic acid

HCOOH + H,50, ——20¢——= CO + H,O + H,50,
Formic acid

(d) Sulphonating properties :- Sulphuric acid on reaction wilh
organic compounds replaces one or more hydrogen atoms and aclsas
a sulphonating agent e.g.

() it reacls with hexane and higher members forming alkane sulphonlc
acid.

CcH,s + HO.SO,.0OH y CgHi3.SO,.OH + Hy0

Hexane sulphonic-acid

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

CgHg + HO. SO,. OH —CgHg. SO, .OH + Hy0
Benzene sulphonic -
acld

Importance of sulphuric acid:— Sulphuric acid is so important chemic?

compound that itis called "King of Compounds", because only few mdustrwc
could operate without its use. Progress and prosperity of any nation ¢

T~ " . . . v
measured in terms of amount of sulphuric acid that its industries consu™
annually. .

" : : " 5 i 0e
Ammonium nitrate”, as well as "Rayon" and Plastics. It is also uscd "

production of HCl and HF and used in pickling of steel. It is also ysed i1 e
preparation of detergents eg sodium benzene dodecyl sulphate

|
It is used in the manufacture of fertilizers just like "Supper phospha[cs an

¢ Y

= + ’ : ; i I Eg-‘]
( l._..”s)_-:mSO:i Na ), whlfzh IS main active constituent of tide and surf. fuis?
used as dehydrating, nitrating and drying agents,
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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® + CI™
(ii) Reaction at anode 2CI~ — 2e = Cl
2
ol "W Anode
3 . Fresh NaCl (Solution)

Calh‘oze_ . _.F Ty
X —

Asbestos
lining

ET

e Perforated
steel cathode

Agqueous
NaCl solution

o 00 00000C00000D0Q0D
S %
Opoooocoooootec oo o

Fig. 4.1;

Manufacture of chlorine

Nelson's cell

(b) Castner — Kellner’s cell :- This cell has a cathode consisting of layer of
mfercu_ry 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

mclcury. The anode rods are of graphi[ﬁ which dlp into the solution of sodium

chloride as given in figure 4.18.
15

;
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Teo
“aa

: teoa te libars ‘ > and passes out o
On clectrolysis chlorine is liberated at .modt.' I dE: i ]‘f.lhc i
through a tube at the top. Sodium is liberated at catho e it dissoly,,
the mercury and is removed from the ccll.

Graphite rod

(anode) Ha
CII out let / Watar == Cl, outjy,
‘—'_\ [ R
Spent NaCl
out let [ Frn NaCl ;e
— — — — — - . — e eiamatin e T amian i
= el oo g ~ - —_— = = T
o i — M — = = —
=== — =3 =
7T 7777 77 777 Mercury
cathode
Q
Castner - Kellner’s cell
Fig. 4.18 Manufacture of chlorine
Physical properties:— It is greenish yellow gas with a pungent and chara:
teristic choking smell. It is a

typical non —metal and is fairly soluble in watet.!

boils at —34°C and melts at — 101°C. It is poisonous gas which has irritati

effect on nose, throat and lungs. It has corrosive action on the mucous-

membrance. Its density is 3.214 gm/ at ST.P and its electronegativity is 3/
Oxidation staies are different such as — 1, +1, +3, +5and +7.

Chemical properties:— Chlori

combines with non — metals and m

ne is very reactive element and it reat’
of chlorine are divided into follo

etals except l\I,“1 O, and carbon. The reactio®

wing types:
. (i) Qﬁiﬂm_&%.asji_sms_;: I[ iS active oxidant because it has the capgcil} w
gain one electron and hence oxidizes most of the substances.
0] 0 +2
Cu’ + Cl': — P Cl{;n"
P° + SClg — QPHCl{;”s
+1
H; +Cl; - 2HQ!

16
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(ii) Addition Reactions:— Chlorine directly combines with certain ¢om-

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

CH, = CH, + Cl, CH, — CH,
o [ o

CO + Cl, cocl,

SO, + Cl, $0,Cl,

(iif) 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, - 2KCl + 1,

CH, + Cl, ———+ CH,Cl + HCl
CH,Cl + CI, ~ CH,Cl, + HCl

(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° + HO ~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

to 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
¢conomy. Itis used in the manufacture of Organic compounds just like CCl, and
CHC!a which are organic solvents. It is also used in the manufacture of vinyl
C_hIOI‘lde whichisused in 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.

i Chlor-ine is also used as bleaching agent for cotton, rayon, wood —pulp etc.
IS used in sterilizing of drinking water and disinfecting drainage. It is also used
N layer test for detection of Brand I. 77
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ASSIGNMENT

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

2. Explain why physical properties change down the group and what are 81

trends?

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

4. Describe the group trends of following properties in "p—Dblock”

(i) Atomic radii (ii) lonic radii (iii) Electronegativity (iv) loniza;
potential (v) Electro positivity.

5. What is allotropy? Describe the different allotropic forms of carbona
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 occurs in Pakistan? Also mention the differz
localities of its occurrence.

11. How is bauxite purified ? Give at least three methods for the puri¢
tion of Dbauxite.
12. Write short notes on:

(1) H,S (ii) 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, (i) HNO, (iii) H,SO,
17. How sulphuric acid is obtained by contact method?
18. Show that H SO, acts as:
(1) Acid (ii) Oxidizing agent (iii) Dehydrating agent
19. Prove that HNO, is a strong oxidant.
78
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20. Write down the structures of HNO, and H 250, in different states.
21. What are lead pigments? Describe them in detail.

22. Explain the following:
(1) Ionization potential decreases from top to bottom in a group.
(i1) 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 H_‘,Sd‘ are high.
23. What happens when:
(1) Carbon monoxide is treated with chlorine.

(1) Nitric acid is treated with sodium hydroxide.
(1ii) Carbon is treated with conc: H,SO, .
(1v) 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:

(i) Al + H,SO, - ALsO L e

(ii) Al + H_SO, - AL(SO,) + ———— + ——— ——
(iii) H,BO, + NaOH i e ot e + H,0

(iv) SO, + CI, ———— e ————

WO EHNG T o e I P
Mcu+HNno, 91 | 0. S oy (M 1 3elrs
(vii) Zn + H,SO, ar —_____ el bl O

S5 iy e i el iy T St S

(Viii) Zn + H,SO,
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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
elements. 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=130);
(ii) From yttrium, Y (z=39) 1o cadmium, Cd (Z =48); and

(iii) From lanthanum, La (z=57) to mercury, Hg (z=80) omittin
lanthanides (rare — earth elements),

The f—block elements constitute two series which are:

(i) From cerium, Ce (Z = 58)

to Lutetium, Lu (z= 71) which are called
lanthanides; and

(i1) From Actinium, Ac (z=89) to lawren

cium, Lr (z=103) which 3¢
called actinides.

The d —block elements are some times called the outer transition clcmeﬂ"’
and the f—block elements, the inner transition elements. In this chapter wesH
study only the first series of d —block elements.
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52 OCCURRENCE OF THE TRANSITION ELEMENTS IN
PAKISTAN

A number of minerals containing iron, chromium, manganese
and copper have been found in Pakistan especially in the provinces of
Khyber Pakhtunkhuwah and Baluchistan.

The deposits of haematite (an iron ore) are found in Kohat district at Mazari
Tang an.d in Hazara district at Langrial. Magnetite deposits are found in Chagai
disrrlct.m Baluchistan and in Chjtral State, and sedimentary iron deposits are
found in Kalabagh area, Chromium ore, the chromite has been found in
Baluchistan. Large deposits of copper ores are found in Zhob Pishin, Loralai,

Chagai districts, in North Waziristan agency, Gilgit, Dir and Chitral,
5.3 GENERAL CHARACTERISTICS

(i) Electronic Configuration: — The electronic configuration of the first
serics of the d—block elements consisting of ten elements is shown below:

Scandium, S¢, z=21= 152. Zsz. 2p6, 352, 3p6. 3d1, as°
Titanium, Ti, z=22 = 15% 25°, 2p6. 3s%,3 pﬁ. 3d? 4s?
Vahadium. V, z=23= 152. 252'. 2p6, 352. 3p6, 3d3. 452
Chromium, Cr, z =24 =[5> 25, 2p6. 3, 3p6. 3¢5, 4!
Manganese,Mn, z=25 = 152, 252 2p6. 32 396. 3d3, 45>
Iron,  Fe,z=26= 15 257 2p%, 35% 3p, 34°, 452
Cobalt, Co,z=27=1s% 252, 2p6. 352. 3p6. 3d7. 4s?
Nickel, Ni,z=28=1s% 252 2p5 352 3p5. 348 4s2
Copper, Cu,z=29=1s% 2% Zp‘.s, 352 3p6, 3¢'0 4!
Zine, Zn,z=30= 15’ 25, 2p’, 35 3p% 340 452

.. From the electronic configuration of the first series of the d —block (Tran-
:L“"“) clements, it is learnt that the dif ferentiating electron enters 3d orbital of
sa:] Penultimate orbit, and therefore, the outer most orbit (4s) remains with the
the : Aumber of electrons in their atoms except Crand Cu: l.n Crand Cp atoms,

¢ ¢lectron jumps to 3 orbital, which is due to the additional stability when
"0itals are either half — filled o completely filled.

Since the Outer most shell of these elements contains the same number of

i
CICC . , - .
Hroas in gencral, one can expect that these elements iay have imost of their
~ 81
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physical and chemical properties in common. Thus all the trans-ltlon elf-‘m_ems
are typical metals. They are brittle and good conductor of heat and electriciy,
Some of the physical properties arc shown in table .1

Table .1 .
Physical properties of the first series of transition elements

(covalent radii)

\ Elements Sc | Ti \% Cr | Mn| Fe | Co | Ni | Cu Zn |
\ Atomic No.(z) |2 232425 26 ” 27 | 28 | 29 | 3
\ Atomic size °A 144 1132112211171 117 117 1.16 { 115 | 1.17 | 1))

&irsti@nizationpotcmial(ev) 65616831674 16.76|7.43(7.897.867.63|7.72| 94

|

Melting point (°C) | 1539|1668 | 1760 | 1875|1245 | 1535 | 1480 | 1452 | 1083 419,

Boiling point(° C) 39003130{3000 | 2480|2087 | 2450|2900 | 2900 | 2310 90T

Electronegativity 11.3 15116161518 |18 | 18] 19]1s

(11) Size (Atomic or Covalent Radii): — The atomic or covalent radii of the
transition clements 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 clements.

(iii)lonizalion Potential; — The ionization potential values (i.e., the amoun!
of energy required to remove an electron from an isolated atom in its gaseow
state) of the transition elements are intermediate between those of s —blo®
and p —block elements. This suggests that these elements are less reactive "
Groups 1 and I1 (i.e s —block) elements and are more electropositive or Mo"
reactive than p—block elements. This property alsosuggests th;ﬂ these elemen®

may form either ionic or covalent compounds depending on the conditio™®
Gcncrall?-. tl_wrr compounds arc {onic in their lower oxidation states anc
covalent in higher oxidation.states,

(1v) Mcllingz\nd Bo-iliﬂkaoints;_. Both the melting and boiling poinls?z
the clements ate very high, except zing, where the d —orbitals are complctc':\
filled. These higher v o et

ille ese higher values are due to small atomjc radii of the elements ¥ p

give strong inter atomic attraction. Thus the first series of d — block eleme™
arc hard and have high melting and boiling points
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(v) Variable Oxidation States:— The transiton clements show variable
oxidation states in their compounds. This vanation is due to the very small
in between 3d and 45 orbitais. As aresult, electrons of 3d as

energy difference . ‘
well as of 4s take part in the bond formation. Thc oxidation states of ihe

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 is shown
by Mn in KMnO, where it is using two s, and five d electrons for bonding.

Table 5.2 Oxidation states

Sc Ti v Cr | Mn | Fe Co Ni Cu Zn

Elements
Electronic strucurel d's® | di® | %= ] d'st [id's® | d%F | d' | @xXTd"s' | d%°
i) ).
+2 t9 +9 *s 42 ) +9 +2 49
Oxidation e TN 1B T T B R T B TR B~ N | i TS (e
states 3 i .
"4 4 4 4
1.5 +S ]
i W ol |
57

. (vi) C_QLQUL; The transition metal complex ions are coloured (except those of
p]:C which arc white). Crystal Ficld Theory explains fully the colour of the com-
andx-;on& ;;ngcord:ng to Crystal Field Theory (C.F.T) the bonding between ligands
metal ) 1 S : . p .
st f_orlldls clcctrc?stam,. ij l:gar?ds surrounding the metal ion create an
g 1o o 1c' around its d-orbitals. This ficld splits five degenerated d-orbitals
WO sets with different energics:
(1) ahigher erlergy pair, d,2.,2 and d,? designated as e,; and

Ay

(1) a lower energy trio, d, , d, and d,, designated as P
dxz_y:z d,?

RSN - e,
d:y dn d“ dlz-)‘2 d,"/ T
- Ao

.

degenerated five d, d
d-orbitals 5 2 Lo
—_— e e t21:

Splittj
Plitting of fiye degencrated d-orbitals into two sets ¢, and L.
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e o stween two sets (e, and t
In many cases, the energy dilference A g between t b\ )e)

of
. ; : ‘ isible region. Thus by absorhi,.,
d-orbitals is equivalent to a wave lenpth in the visible regio Y absarbin,

visible light, an electron may be able to move from lower enerpy set (t,) to
higher enerpy set ¢, of d-orbitals. In doing so, some of the component wave [ ar,

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

(vii) Magnetic properties:— Many compounds of the transition ¢lemen:.

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

is generally caused by the presence of unpaired electron spins in the ions an:
atoms of the elements.

Elements such as Fe, Co and Ni are fe
netized.

(viii) Cﬂﬂ]ﬂm_ﬂmﬂml Transition elements and some of their com-

pounds are commonly used as catalysts in the chemical industry. Catalysts are

a chemical reaction. The

rromagnetic i.e., they can be mag-

surface areas where gases
enation of vegetable oils;
1h Y, O, to convert SO, into SO, .

:— The transition ele-
ortion which are called
. This non —stoichiometry is
ements, and also 10
ssuchas H,B,C and N can reside

of these elements and bear ne
example TiH

he crystal lattjce
stoichiometric composition. For

ing two or more metals)
Examples are brass (Cu—2Zn)

(x) Complex Formation: — The transition
compounds which are also called
elements. This is because the tra
lons, and vacant d — orbitals of suj
lone electron pairs from

contrast to the s, and p — bloe»
€nts have small, highly chargee
These vacant d - orbitals aceet”
ules called ligands. For examt”

nsition elem
table energy.
atoms, 1ons, or molec

84



ferrocyanide which is a complexion containing six cyanide (CN ™) ions donat| ng
their lone electron pair to the central ferrous (Fe*" ) ion.

4=
CN‘:___ rcl’ -—-:CN_ or [Fe (CN)G:,

CN |

(xi) Transition Metal Complexes:— A compound contai.ning the complex
ion or complex molecule in which the central metal atom or ion is sur.'roundc.d
by a number of oppositely charged ions or neutral molecules callcd.llgands, 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
called its co — ordination number. For example diammine cuprous (Cu(NH,),)"
ion, inwhich 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
¢o —ordination number of the ion is 2.

Co—ordinating groups or ligands generally called Lewis bases, are sub-
divided into two main groups — mono—or unidentate containing only one
€0 —ordinating atom e.g., H,O,NH,,CN~, NO, and halides. The second group
s known as poly — or multidentate contairing two or more electron pair donor
aloms in 2 molecule or an jon. Examples:

(2) coo (b) Hlf@-CH:—CH:__ﬁH:
(l:oo" Ethylene diamine
Oxalate ion

are bidentate and the tridentate
H,N~CH,- CH, - NH -CH_ - cH_ - Rl
2 1 3
Dicthylene triamine and

P0C-Hc / CH, - COO
- N-CH, -CH.-N
= / 2 : -
00c-u,c N cH, - coo

E‘hylenc diamine tetra acetate (EDTA) ion is an example of a hexadenta;?



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

O|H g
MG==C iy NmC ~—1H,

Ni
H,C—C=N" \T’C — CH,
& o
NOMENCLATURE OF COORDINATION COMPOUNDS
(IUPAC Names of Transition Metal Complexes)

International 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-, e\c
(or some times bis-, tris-, tetrakis-, pentakis-, ete for organic ligands) arc 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 li
fluoro (F"), chloro (C17), bromo (B

to (NO, ), hydroxo (OH™), amido

gands are modified to end in -Q. For example
r'), iodo (I), cyano (CN"), nitro (NG, ), nitre-
(NH, ), oxalato (C,02"), carbonato (COJ).

The names of neutra) ligands usuall

: Y remain unchanged. Two exceptions a5
water.and ammonia
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uffix-ate is added, often to the stem of the Latin name for the metal e.g., cuperate,
f‘cn‘atc 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 aminc cobalt (III) chlonide.
(Cr(NH,),CL] CI, Dichlorotetra amine chromium (LII) chloride.
[Co(en),] (NO,),, Tris (cthylene diamine) cobalt (L) nitrate.

Examples in which the complex is neutral

[Pt (NH,), ClL) 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)
5.4 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
(QuCO,.Cu(OH),] green and azurite [2CuCO, Cu(OH),] blue.

Extraction

Coppc_r is mostly extracted from sulphide ores which contain about 6% Cu.
: ¢ 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

(iif) Copper changes into cuprous sulphide (Cu,S).

2
CUFes, + 40, Cu,S + 2FeO + 350,

The roasted m
€rroys silicate

% copper, Th

at'erial is then mixed with sand (SiO,) to remove iic: as
(I_:CS.IO,) a slag which floats on the surface of the molten .nat:=
¢ liquid copper matte containing cuprous sulphide (Cu,S) wit.

87


Rectangle


and silica is oxidized in a BeSSﬁmer

hide (FeS
some unreacted ferrous sulphide (I'eS) h. FeS is oxidized to FeO ang g
11

converter (Fig 5.1) by blowing air throug
Ferrous oxide reactswithsand
togive 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: CIEEIIii

Air —

O ity &y 4~ A E S
e T e
-

Fig. 5.1 Bessemer converter,

2FeS + 30, » 2FeO + 280,
FeO + SiO, ~ FeSiO,

2Cu,S + 30, - — 2Cu,0 + 280,
2Cu,0 + Cu,S - 6Cu + SO,

. The copper thus produced is called blister copper because, as it solidifies
hidden sulphur dioxide gas and escapes producing blisters on its surface. [t
about 99% pure. The blister copper contains impurities mainly iron but smal
amount of arsenic, zing, lead, silver and gold may also be present. As such, ti¢
copper 1s not suitable particularly for electrical work so it is thus refined.

Refining of Copper; — Copper is refined b . - : f
i y electrolysis, in which blocks?
blister copper are used as anodes and thin sheets of puie copper as cathodzs

g:cogiz:t.hode plates or sheets are coated with graphite in order to remo®
=positing copper easily. The electrolyte is copper sulphate (CuSO, ) acidifi®
: e |

- - Cu™" + 26
. At
Blister copper (Atanode )

2+ &
Cu™" + 26 Cu (At cathode)
The electrolytically refined copper is 1009 pure
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55 CHEMISTRY OF SILVER NITRATE (AgN(.)E)

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

JAg + 4HNO, - 3AgNO, + NO + 2H,0

is also soluble in organicsolvents

Silver nitrate is readily soluble in water. It
450°C, giving out nitrogen

such as, ethyl alcohol, pyridine etc. It decomposes at
dioxide and oxygen leaving silver as metal.

o
450C . 2Ag +2NO, +0,

2AgNO,

NaOH), silver nitrate first forms unstable silver

With sodium hydroxide (
rk brown silver oxide (Ag;O).

hydroxide (AgOH) which changes into a da
AgOH + NaNO,

AgNO, + NaOH
Ag,0 + H,0O

2AgOH

With ammonia in water, silver nitrate first forms preci
which in excess dissolves forming silver —ammonia comp

nitrate).
AgNO, + 2NH,

pitates of silver oxide
lex (Diammine silver

- {Ag(NHa)z]NOs
Diamine silver nitrate

Silver nitrate produces black spots when it comes in contact with organic

substances such as skin and cellulose,

ory as a reagent for the detection and
white precipitates of AgCl with chloride
rwith bromide ions (Br ™) and yellow

Silver nitrate is used in laborat
determination of halides. It produces
ions (C1 ™), light yellow precipitates of AgB
precipitates of Agl with iodide ions (I7)

It is also widely used in photography and m

5.6 COPPER SULPHATE (CuS04.5Hz0)

hate which is also called blue vitriol or blue
llic copper with dilute sulphuric acid in the

adicines.

Cupric sulphate or copper sulp
Stone, is prepared by reacting meta
Presence of air,

> ZCUSO‘ + 2H20

2Cu + 2H,S0, + O,
89



It is also prepared by dissclving copper oxide (CuO) or copper carbgpy,
(CuCQ,) in dilute sulphuric acid and crystallizing.

Cuo + sto‘ - CuSO, + HzO

CuCo, + H,$O, - CuSO, + CO, + H,0

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

0
QuSO, SH,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,1,) on addition
to potassium iodide solution.

2CuSO, + 4Kl - Cul, +2K SO, + I

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

small
CuSO, + 2NH, + 2H_0 idic LI Cu(OH), + (NH,),SO,

CuSO excess
usO, + d4NH_ — [Cu(NH,) ]SO,
Cuperic tetramine solution

Copper sulphate i ' ng £
e . ~ S 3 i in making 5™
p phateis used in copper plating, in electric cells, in making : 18

plgments. asamordantin dycing and with milk of lime to kill fungus and ™
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5.7 POTASSIUM CHROMATE, (K 2Cr04)

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 O, + 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,0, + 10KOH + 3Br, - 2K CrO, + 6KBr + SH.O

Potassium chromate is alemon — 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’():“ ).

2Cro* + 2HT = = Cr,0]"+HO
Chromate ion Dichromate ion

5.8 POTASSIUM DICHROMATE (K ICrZO.})

?otassium dichromate is prepared from potassium chromate (K,CrQ, ) by
addlnggcalculared amountof sulphuricacidinto its saturated solution. Itis then
crystallized out on evaporation.

2K,CrO, + H_SO, - K,Cr,0, + K;SO, + HO

dic;ﬁoca_" ‘”5(_’ be prepared by treating the saturated solution of sodium
o omate with the calculated quantity of potassium chloride. Potassium

d!ChrO ; R
CWSLaL;ndlc being less soluble, separates out from the solution as orange — red

N, .
4Cr.0, + 2Kcl ~ 2NaCl + K .Cr,0,
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Potassium dichromate is moderately soluble in water fir.ld.gn;es aT] Orang
colour in solution. The colour changes to yeilow on the addition ot an alkal; g,

to the formation of potassium chromate
2K,CrO, + H 0.

K,Cr,0, + 2KOH g

On addition of conc. H,SO, to the cold solution of potassium dichromga
red crystals of chromic oxide (CrO,) separate out.

KICr:OT + 2H,SO, - 2KHSO‘ e 2CrC)3 + H:O

e - 24, . ;
It acts as a strong oxidizing agent. It oxidizes ferrous (Fe“™ ) salts to ferric
salts and liberates iodine from potassium iodide in the presence of dil H S0,

6FeSO, +K,Cr,0, +7H S0, —3Fc,(SO,), +K SO, + C; (SO,), +7H,0

6K1 +K,C‘}O7 + 7H250‘ - 41(250‘ 4 Cr!(SO‘): + 3[z + 7H20

On heating potassium dichromate with solid potassium chloride (KCl)inthe
presence of concentrated sulphuric acid, it gives reddish brown vapours of
chromyl chloride (CrOzCI:).

K:Cr,OT + 4KCl + 6HZSO4 —————-.-GKHSO‘ + 2('.‘r02Clz + 31-{?0

dctc[:c:rtlgsmtlfm duf:l;romatq Isused as a powerful oxidizing agent in the volumeltri¢
ination of ferrous iron, in Preparation of chromium compounds such ®

chrome alum, chrome yellow, chrome red etc., which are used as pigments and

in the preparation of certain orpan: 1
ani . |
alcohol. ' ganic compounds such ag acetaldehyde and ethy

5.9 POTASSIUM PERMANGANATE (KMnoO )
4

2MnO_ + 4KOH -
2 + Oz T e 21(2Mn()‘l +2H0

92



Potassium manganate is extracted with water and the solution is treated
cither with chlorine or ozone to get the oxidized product potassium perman-

ganatc

2K MnO, + Cl,

> ZKMnO‘ + 2KCl

2K ,MnO, + H,0 + O, ~ 2KMnO, + 2KOH + O,

Potassium pcrmangénatc 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
manganate and manganese dioxide.

2KMnO, . KzMnO4 + MnO2 4 Oz

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 (Mn2+) ion, whereas in-alkaline
E‘Jli{ néu;ral solutions, it accepts three electrons to form manganese dioxide

nQ,).

MnO, + 8H™ + Se™ Mn*" + 4H O
Basic or neutral medium

M“dﬁ' 2H,O + 3e~ MnO, + 4OH™

nimft‘otasslu ti permanganate oxidizes ferrous (F e~ * ) salts to ferric (Fe> *) salts,
¢s (NO,) to nitrates (NO,), oxalic acid (H,C,0,) to carbon dioxide,

hydroge . b et 2 n d
in acic%icnrr?;;i(:ﬁ?_c (HzO’) to oxygen and potassium iodide (KI) to iodine (I,)

MnO 2+
O, + SFe"™ + gH* Mn®* + SFe3* + 4H,0

2MnQ . e
"0+ SNOS 4+ 6H* 2Mn** + 5NO, + 3H,0
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2MnO, + SH_C,0, + 6H—« 2Mn** + 10CO, + 8H,0
2MnO, + SH,0, + 6H*——2Mn** + 50, + 8H,0

2MnO, + 10KI + 16H T 2Mn** + 10K " + 51, + 8H,0

In neutral or alkaline medium permanganate oxidizes pota§siun1 iodide to
potassium iodate (KIO,) and hydrogen peroxide to oxygen and itself reduces to
manganese dioxide.

Alkaline - 5p0H + 2MnO, + KIO,

2KMnO, + H,O + KI :
medium

2KMnO, +3H,0, NeWrdl _ onvpo 4 2KOH + 30, +2H,0
‘ 272 medium 2

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, Auy, and Pt., show great
rendency to corrode with different rates when exposed to atmosphere or water
or any reactive liquid. For example iron acquires brown flaky surface called rust.
copper surfaces become covered with a layer of green coloured substances, cells

made of zinc get white powder deposits : ' .
: . on their surface holes
in the zinc case, often leading t0

atmospheric .co!'rosion, and when the corrosion s due to the reaction of aliquid
on a metal, it is termed as corrosion in liquid. Different metals corrode a
different rates as for example, sodium and Potassium metals tarnish immedt
ately on exposure 1o air, calciumcorrodes quickly, iron corrodes slowly and tin
lead and copper corrode very slowly. 4

[t has been learnt through experiments that due to corrosion one —fifth of
the tronin use is lost annually and it also reduces very much the strength of ir0"
structure. Since iron and steel are very widely used metals, number of variow®

?
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thods have been used to prevent the corrosion. Below are enlisted some of the
method!

methods:

(i) Protective Metallic Coating: — The iron or steel can be protected from

orrosion by coating with another metal as in galvanized iron i.e., covering with
C
zine, tin plating (Tin covered).

(ii) Electroplating: — Noble and bare metals are used for electroplating on
any desired metal.

(i1i) Alloying of Metals: — One of the most important way ofprotection. of
ametal from corrosion is by mixing of it with another metal i.c., 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
(11) Stainless steel containing 17% Cr and 2% Ni and
(iii) Stainless steel containing 18% Cr and 6% Nj

(Al the types of stainless steel are corrosion resistant alloys and are
Oxidizable only to such a slight degree that a very fine film of oxide is formed on
the material surface which resist further corrosion, This fine coating of oxide is
S0thin that the colour and appearance of the basic material look like unchanged.

Stainless steels are used in the production of house hold utensils, cutlery,

art : ; e TSR ; i
icles for decoration and its application in industry is unlimited.

12 SILVERING OF MIRRORS

The ¢ : ; _ .
amalgamcrm stivering was formerly applied to the formation of coating of an

d Mirror, ﬁgﬁ“oy of tin and mercury) on glass for giving it the properties of

a days, mostly a pure silver metal is deposited on the glass by

duction ;
Oninstead of old amalgamation process.
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iebig | 38 when he heat
The silvering of mirror was originated by Liebig u: le?e E?n : g mb:daig
aldehyde with an ammoniacal solutioln 0.f silver n;l; i ot e g
obseried a brilliant deposit of metallic silver oil t glass,
¢ = . . (] . ' w:
method for glass mirroring with silver is given belo

. : ith a ey
lcan the glass sheet with ammonia ‘and wupe. wi
chamocl:s. Then prgparc a solution of silver niLr.;itt'ch lflb(:i)s“t,lll]le(i :é?tiel; {to
which add dilulc aqucous ax:;n;oniasﬁt?gg;ﬁcr ;repal‘e Eolutﬁ) - O[ic

; oxide is redissolved. In an : . '
(1)2[0?:11{‘\(;?;0 salt (Sodium potassium tartrate) in water. gl:;S solut_-i(;? 115
called ammonical AgNOs solution. To this solution ad : g_,l ultfose W ;::1
acts as a reducing agent and immediately pou.r the solution onr 1
middle of the glass to be silvered. It will spread itself ovcrfu;le SU‘I.' ace
of the glass shect. The reduction immediatcly begins as {ollows:

AgNO, +NH,O0H ———————3 AgOH+ NH,NO,
While
precipltate
AgOH + 2NH,OH | Ag(NH,), |OH +2H,0
Diamine silver (1)
hydroxide
[2ag(NH, )pJOH——— , Ag.04 H,0 + 4N H}
CH,OH CH,OH

|
(CHOH), + Ag,0

|
NPHOHL+2Ag
CHO

COOLli

raphy;— The art of devemping a
film by means of exposur ight i

: ¥
| 80¢s a photochemical qef:oﬂo
Stituent of gelatin increases the sensitivity ¢
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developer. This reduces the sensitized silver bromide lo silver metal, whereas
the unsensistized silver bromide grains remain unchanged. By this technique
the developed film reproduces the pattern of the light that exposed it. This film

is called thj’ negative because it is blackened with metallic silver where thelight
inthe on‘gma] Image was most intcnse.

The negative film is then fixed by immersing it in the fixing bath containing
the solution of sodium thiosulphate (Na,$,0,5H,0) called 'hypo' which

removes the excess of undeveloped silver salts forming soluble silver thiosul-
phate complex.

- " !
AgBr +2Na §.0, > Ag(Szos)i + Br 4 4Na"

A positive print can be made by exposing photographic paper containing a
coat of silver —bromide and silver jodide emulsion, to light that passes through

the superimposed negative print. The exposed paper is finally developed and
fixed in a similar manner.

5.13 TIN PLATING

Tin plating is an art of making a coat of metallic tin on b§scr.metal.s 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 containers. The household utensils of copper and bras.s are prmcctcfi
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 acid to remove the oxide ﬁlm: The
sheets are then washed withwater and alterdrying, dippedin the bath containing
molten tin, The sheets are then rolled o remove superfluous tin, The copper
and brass utensils are first heated and then rubbed with some quantity of
ammonium chloride (NH C1): to remove the oxide film. A littlc of tin metal is
fubbed over the hot surface and after sprinkling some ammonium chloride, the

i%rfacc of the utensils are polished with a rag until a uniform layer of tin is
tained,

Inthe electrolytic process, the iron sheets after cleaning, washing and drying

¢ SWwpended into 2 bath containing a mixture of stannous chloride and
cg:jh”’chl(’ric acid. Pure tin is made the anode and the iron sheets are made the
iron - On Passing the current through the bath, tin starts depositing on the

Irg : . ] .
iro: 5;1:::5 'l amounts corresponding to the tin going into the solution, Thus
Sheets

are tinned clectrolytically, 97



ASSIGNMENT

1. Give the electronic configuration of the following elements:
(a) Scandium (21) (b) Vanadium (23) (c) Manganese (25) (d) Irop (26)

2. Give the gencral characteristics of the transition clements,

3. Name the following compounds and give the oxidation number of chromjy,
and manganese in each:

(1) CrCl, (ii) H,CrO, (iii) Cr, (SO, )3 (iv) MnO; (v) MnS (vi) KMnQ,
4. Name the following compounds:
K‘{Fe(CN)B] » Na,[Co(NO )g [Cr(NI-I;‘)El CL):
[Co(H,0),1SO, : [Cu(NH, ), 180,

5. Water and ammonia molecules act as ligands but H30+ and NH: do not act
as ligands, explain.

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, (ii) CuSO, . SH,0 (iii) K,Cro,, (iv) K,Cr, 0,
9. Write short notes on: |

(i) Silvering of mirrors (ii) Photogréphy (i) Tin plating
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PART II

ORGANIC CHEMISTRY

CHAPTER ©

INTRODUCTION T 2 ORGANIC
CHEMISTRY

Organic chemistry is thec 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 anir.al or plant sources and could net be prepared in
the laboratory. It was thought that a viial ferce was required for thelr
Production. This theory was rejected in 19th century by experimental

Observations of a number of scientists.

. For example in Germany, a young chemist Wohler in 1828, prepared urea
‘0 the laboratory from inorganic material, 2ammonium cyanate by boiling it with
Water. Urea is a waste product of metabolism and is excreted through urine and

enee it is a typical organic compound.

O

|
Oy N-CoNH,

H
NH,CNO— s H, )
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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.
pounds 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 snch compounds
necessitated treatments made the study of organic compounds separately from

necessitated the study of organic compounds separately from com-
pounds dcrived 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 componnds are known because of the ability of
carbonatoms to bond itselfto 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 clements 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 amon '

- g natural sources of important organicc0™
unds.
Coal:— The bituminous or soft coal is a ve

. ic
: _ ry important source of orga™
ccmpounds. This when subjected to destructive distillation, products of I
dustrial importance are obtained.
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Table 6.1

Products obtained from destructive distillation of coal

COAL
| l l

Gaseous Viscous Solid

products liquids materials

Coal gas Coal tar Coke
(Main product wsed (A good source of  (Pure carbon used

as fuel) hundreds of organic  as reducing agent

c~mpounds) in Industries) _

tignal D | =Tarz= 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 consists mainly of methane and
hydrogen fs-used as a fuel, while coke a form of carbon, Is used in the manufac-
ture of iron and stecl 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.

Nafural Gas;— Natural gas is also one of the important sources of simple
organic compounds specially like methane, It is 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 1.05%
Propane 0.28%
Butane 0.17%
Nitrogen 3.88%
8.2 Peu-carbon dloxide 0.02%
below .thzlesuuxxt-};gs trf,-lc“m means rock oll {n Latin, It Is usually found
carth. It is a viscous liquid comprising of

com
Wclé].i?lints With dlfferent bolling potnts. It contatns alkanes, alkencs.
anes, aromatic hydrocarbons, besldes, some inorganic

Com )
Pounds. It is also called crude oil. When subjected to fractional
101
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distillation, several groups of products are obtained. This is known 5,
rcfining of petroleum.

REFINING OF PETROLEUM

Petroleum is refined by distillation. Crud% oil i carried by pipes 1 ,
fractionating column and heated to above 400°C. A number of products are
obtained at different temperatures and condensed.

More than S00 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 Cy=C, Natural gas, bottled gas,
petrochemicals
20-60°C C,—-C, Petroleum cther, solvent
60-120°C C,~C, Ligroin, solvents (Naptha)
40-200°C Cy—C,, Gasoline
175-325°C | C;=C,y {  Kerosencand jet fuel |
250-400°C C,z—higher | Gas il, fuel oil, diesel ol
= N P—y
Nonvolatile liquids C,o—higher | Refine mineral/ lubrical®
i 011' grczif———""
> ' : i <ol ; .
Nonvolatile solids Cga—nigntf " Paraifin wax, aspn'a'“- aﬂd @
] _—

Gasoline or petrol is a mixtur

: H )
Since the demand of ¢ of hexane (C, H,,) and heptane (G P

gasoline is lucreasing due o its | fuct

_ . O 1ts increased use as a ;
a.u'tomcbxlcs. airplanes etc, The cracking is employed to obtain increased Quar
tities of petro! from crude oil. «

REFORMING OF PETROLEUM

Knocking Is a sharp metallje sound produced In the mtcr’lij”z-li

combustion englne. Its cause is gasollne of low octane numbe™
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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 gquality that its vapour mixed with air can ignite prior
te high compression on passing of firing spark, the energy produced
by burning of {uel is not utilized in moving the piston. By the use of
catalyst, the straight chaia 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 antlknock compounds, the knocking
can be decreased. Value of the fuel Is expressed In terms of its octane
number. The octane number of gasoline may also be increased by
adding tetraethyl lead Pb(C,Hs), as knock inhibitor, which moder-
ates the exploslons in the cylinders of the engine. But fuels containing
Pb(C;Hs), . pollute the atmosphere with lead.

Example:

CH, CH,
Meat

! n
CH, = CH; ~ CH; - CH; - CH, = CH; = CH; = CHy —gg— CHy — ¢ — CHz— CH—CH,
CH,

2.2.4-trimethyl
r-natane (branched chain)

n-octane {straight chain)

6.3 CRACKING

The fractional distillation of petroleum yiclds only about 20% petrol.
Additional quantties of petrol are obtained by cracking of higher boiling
fractions. Cracking Involves spliting the iarger molecules of the less
volatile fractions Into smaller molecules of greater volatllity by subjecting
them to high temperatures and pressurcs in the prescnce of catalyst
Besldes increastng the yield of petrol from petroleum, cracking a]sobyirl:lds
large amounts of useful by products such as ethene. propcne, bulcnc
and benzene. These are used for making drugs, plastics, detergents,
Synthetic fibers, synthetic rubber, fertlizers, weed killers and important
chemicals like ethanol, phenol and acctonc.

Emmplci When propane is heated to temperaturc between 700-800°C
In the absence of air, it is cracked to give propcne. ethene, methane

4nd some hydrogen gas.

700-800°C_ i _ CH=CH, +CHj, = CHy + CH, + Hy
Ll Propenc Ethene Melhane

Z{CHJ ~CH, - CH,)

Propanc
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ane, the cracking reaction becomgg

higl ember of alk
With high members king of heavy gas oll in th,

complex. Consider for example the crac

presencc of zeolitc as catalyst.
500-550°C
C,H;s (CIEH30)07H15 —_—iie C,H,g +C7H1a + CisHao

-heplane 1-heplene This further
Heavy gas oll S cracks Inlo

smaller molecules.

6.4 POLYMERIZATION
Polymerization is defined as the process in which many small

molecules join together to form very large molecules. It is a scll
addition reaction.

Types of polymerization:- There are two types of polymerization.
1. Addition polymerization and

2. Condensation polymerization

1, Addition polymerization:- When many monomers undergo self
combination, resulting into a substance with a molecular mass many
times greater than the monomer, then the polymerization is knownas
addition polymerization. The empirical formula of the addition poly-
mers formed is the same as that of the monomer. For example the

formation of polyethylene from ethylene.

n(CH, = CH,) 2510 (_ oy _ CH, - CH,-CH,-),

0.01% Oy
Ethylene | Polyethylene

2. Condensation polymerization:-

2 In condensation polymerizatio™
ere is an elimination of a by-product usually water. Bakelite 18 s
example of a polymer formed by the condensation process, tvolviné

phenol and formaldehyde as monomers.

-

[ OH OH
R H _
n 4 ﬁ + ~H0 [-CH; CH, CH;
O g

|_Phenol  Formaldehyde Phenol
d Bakelite
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6.5 CLASSIFICATION OF ORGANIC COMPOUND
OF ORGANIC COMPOUNDS. ek e

Organic compounds are divided into two major groups:

(1) Open-chain or acyclic compounds or Alj hati
(2) Closcd-chain or cyclic compounds phatic compounds

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)

' Homocyclic” or carbocyclic compounds, when the ring consists of
carbon atoms only and (b) Heterocyclic compounds, when the ring
contains in additon to carbon atoms, other atoms like O, S, N etc.
Homocyclic compounds may further be divided into two types:

() 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-

ing. A benzene ring is a
pounds, containing atlcast one benzene r
hexagonal ring of six carbon atoms with three alternating double and

single bonds.
H H
Example: Cl) CI:
H—-c/ \(ﬁ_H H_IC/ \(IT—OH
|
H—'C\C /C_.H H—C\C/C_H
I I
H H

aromatic benzene aromatic phenoi -



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 Cycllec compounds
or
Allphalc
compounds I |
Homocydlic Helerocyclic
or compounds
Carbocyclic compounds
! |
Alicyclic compounds Aronmatic
il compounds
Non- benzenolds
6.6 HOMOLOGQUS SERIES

Aseries of compounds in which the various members have similar structural
features but which differ from each other by an integral number of — CH, grovP
(the methylene group) in their structures, is called a homologous series.
normal alkanes which have the general formula C.H,, ., are a homologous

series, in which each member of the series d; . «cent
member by one —CH, group. differs from adjas
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The members of the homologous serics have similar chemical propertics

and there is a smooth gradation in the physical propertics of the compounds.
lting and boiling points tend to increase with the increasing

For example me : asin
t in a homologous scries (The first member of the series is

molecular weigh : LR » _
sometimes an exception to this rule since 1ts properiics are somewhat different

from the properties of other members).
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 alkynes by C, Hy _a
where 'n’ is the number of carbon atoms in a compound.

4, Successive members of the series always differ in composition by
—CH, (molecular weight 14), Any two members of the serics, thercfore,

differ by some multiple of —CH,.

Homologous series of saturated hydrocaioons i.e. alkanes.
CH, CGH, GCH, CHgp CH,, CH,,
Methane. Ethune Propune Butane Pentanc Hexane

Genera] Molecular Formuia:— All members of homologous series share a

general molecular formula. e.g. C,H,_, , for the alkanes, each successive
member in such a.scrics differs on its molecular formula by the addition of a
~CH, group and in its molecular weight by an increase of 14.

- ies:— The physical properties of the members change
ﬁ::d;;gili); ags ;l;::nr:réxfb;:l: of ;:;;bon atoms per molecule increases, For cxamp!gc,
members 3o pniged ii alkanes increase along the series, so that first four
10 seventeen carb orcinary temperatures and pressures, member with five
are wax ke solidsog'at%m per mo!ct.:ulc are liquids while the higher members
increase wijo g tmilarly the melting points and densities of the alkapes also

lle the solubility in water decreases along the series.

hemical .
alltmﬁjmm”'" All members show similar chemical properties, .g.
- ¢ generally fairly unreactive under ordinary conditions. They

. ma!.r {Drmin . v
Witk haloge g g carbondioxide and water and undergo substitution reactions
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. — All the members can easily be prepareq
by using the same general method ¢.8 alkanes can be prepared by the reductioy
of alky! halides.

Zn + 2HCl = ZnCl, +2[H]
C,Hgl + 2[H]——L—"m el 5 C,H, +HI
Ethane

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;
C,H,0 1s the molecular formula of two isomers namely; ethyl alcohol

and dimcthyl ether.

L]

H H H H
H—¢—¢-OH H-{;-O-{:-H
H H H H
Ethyl alcohol Dimethyl ether
(Ethanol) (Methoxy methane)

This means isomers are different compounds which have same molecul&
formula but different structural formulas.

Types of Isomerism:-There arc various types of isomerism but o

of which some are gliven below:

i ds
- D t compot?
which have same molecular formula but differ Iiﬂ:T;m: of l::arb"“
atoms l.c skeletals are called chain isomers and the phenomen?
termed as chain isomerlsm. e.g; pentane (CzH,,) has the foll°

three isomers:-
()  CH3-CH,-CH,-CH, - CH; p-pentanc

pk

i) CHy-CHy- CH -CH; [go-pentanc
|
CH,
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CH;
I

(iii) CH,- C -CHji nco-pentane
I

CH,
9) Position Isomerism:- Isomerism caused by the difference in

position of the functional group in the samec chain is termed as
position isomerism e.g; propyl alcohol (C3 H,OH) has two position

isomers:

i) CH;-CH,;-CH; - OH n-propyl alcohol

or 1-propanoi

. B 2 |
ii) CH, - (]jj—l- CH, Iso-propyl alcohol
OH or 2- propanol

Similarly butenc (CsHg) has two position isomers:

(i) éHa'éHz'éH—_-éHz 1-bulenc

4 3 2 1
(i) CHy— CH=CH-CH; 2-butene

(3) Functional group Isomerism:- Functional group isomerism is

exhibited by the compounds which have same molecular formula but

diffreent functional groups e.g. C3 He O Is the molecular formula of two

functional group isomers which are given below:

o
Il
() CH;-CH,-C
I
H

Propion aldehyde or propanal

O
I
(i) CH, - C- CH, Acetonc or 2- propanone
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4) Mctamerism;- Mctamerism is a type of isomerism whijcp, Is
cxhibited by the compounds having same functional groups but
different alkyi groups attached to the same multivalent atom e.g A
cther with molecular formula Catl100 has threec metamers,

(i) CHy -~ CH,-0-CH,-CH, Di-ethyl cther
(i) CH, - CH, - CHi, - O- CH,4 Methyi-n- propyl ether
S\
(iif) CH /CH -0-CH, Methyl-iso-propyl ether
3

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 1o
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

and in aleshols (R-OH), the hydroxyl group (-OH) is the functional
group.

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 one or more than one hydrogen is replaced by the functiond
group. The functional group determines the basic chemistry of 2"
organic compound while the alkyl group has an effect on its phy!'slcaj
properties. I'or instance, the polar hydroxyl group (~-OH) in alcohols:
promotcs the solubllity Inwaterbut the non-polar alkyl group oppose®
it. For all alkyl groups larger than C Hy (Butyl), this opposing effect Is
sufliclently greater to limit the solubility of a compound in water:
Tablc 6.3, Names of some common functional groups -

structurcs of organic compounds containing them.
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TABLE 6.3

|—i_I;ZHMIOL(){'iC)US GENERAL MOLECULAR FUNCTIONAL GROUP
SERIES FORMULA AND ITS NAME
i. ALKANES C,Hzp,2 Or R-H
il.ALKENES C.Hi, >C = C,’: Doubie bond
lil. ALKYNES C,Hzn-2 ~C = C- Triple bond
iv.HALOALKANES | R-X (where x=F,Cl,Br,I) |~-X (Halide grou p)

or CnH2n+1x
v. ALCOHOLS R-OH or C, Hons1 OH |-OH (Hydroxy! group)
vi. PHENOLS @' e or CgHsOH ~OH (Hydroxy! group)
vil. ETHERS R-O-R' or C,H;,,20  |{-OR' (Alkoxyl group)

H \ H\
Vill, ALDEHYDES /C =0 /C = O{(Carbonyl group)

R.

or -CHO
: R\ \
IX.-KETONES C=0 C = O (Carbonyl group)
i R/ 4
o) | 0
X i
f;ﬁBSOXYLIC R~ C- OH or R-COOH | - C- OH (Carboxyl group)
\
(@) O
R-C-OR' - C-OR' (Alkoxy car-

\

bony! group) or
Ester group.
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-
HOMOLOGOUS | GENERAL MOLECULAR | FUNCTIONAL GROUp
SERIES FORMULA AND ITS NAME |
O (I:l) *'""“*l
I |
xi1.ACID HALIDES R-C~-X - C-X (Acyl group)
0 O o
Il [l
xil.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: aceteum=vinega)
These namcs are called, as Trivial or common names.

A Increase In the number of organic compounds due to thel
rapld growth, caused a problem in naming the compounds. T0
overcome thc problem, th leading chemists held a meeting in Geneva
In 1882 and formulated a system of nomenclature, called as Geneva
system. This system later on was mo dificd by the International Unlo?
of Chemistry (L.U.C) at Liege in 1930, The L.U.C system was furthts

Imporved by International Unlon of P
ure and applied chemistry ¥
1960 and termed as LU.PA.C system of nomencll)gture .

The basls of IUPAC System is the alkanes

“ane” added, e.g penlane, hexane et

The general molecular for !
mula for wher®
Is the number of carbon atoms present ?Illk:I::zlLScS;;HW’

L]
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The names of first ten alkanes are given below:

Table:
n n
1. Mcthane (CHy) 6. Hexanc (CeHid |
2. Ethane (Cz He) 7. Heptane (C7Hie)
3. Propane (CaHs) 8. Octane (CgHis)
4. Butane (Cq Hjo) 9. Nonane (CoHao)
5. Pentane (CsHia) 10. Decane (Cio Ha22)

Univalent alkyl radicals are derived from alkanes by the re-

moval of a hydrogen atom and are represented by the general formula

CnHz1ne1. They derlve thelr names from allcanes by changing the suffix-

"ane” to-yl

Example:

-CH,(methy] radical) from CH4 (Methane} and CHg~CHjy -
(Ethyl radical) from CH, - CH,(Ethane).

On the baslis of arrangement of carbon atoms, alkyl radicals

may be n (normal), Iso- and Neo~.
CH, ~ CH, - CH, - (Propyl or n-propyl radlcal) from CH, - CH; - CH,

(propane) and CH,-CH-CH,

CH, - CH, - CH, (propane)!
Other examples:

(isopropyl radical) from

CHJ - CH, - CH: - CH: s

CH;"‘ ?H — CH: -

n-Butyl CHJ
Iso-butyl
GH,
!
CHJ = C = CH: g
I
CH,
Neo-pentlyl
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Primary, Secondary and Tertiary carbon:-

The carbon atom to which a functional group is attached may
be classilied as primary, sccondary or tertiary.

A carbon alom bondcd to functicnal group when attached one,
two or three other carbon atoms is called primary. secondary or

tertiary carbon atom.

H H =
| ! |
R-c*-X R-C%_ X R-C*-X
! ! |
H R ®
Primary carbon Secondary carbon Terliary carbon
Examplcs:
CIH,
|
CH,-CH, - CH, - OH CH,- C -0t
Propyl alcoho! |
(primary or 1° alcohol) H

Isopropyl alcohol (sec. or 2° propy!
alcohol)

CH,
I
CH,- C
I

CH,

- O

Ter.bulyl alcohol (terUiary or 3¢ alcohol).
IUPAC NOMENCLATURE OF ALKANES

Rules for naming Alkancs:-

1. Sclect the longest conlinuous chain of B p— wheth®’
straight or branched and consider it as the parent alkane.
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Example:

5 4 3 2 :
CHy - CH, = CH, - CH-CHy

T
(wrong) CH,

6 5 4 3
CH;-CH,-CH, - CH - CHj4
I
"l
I
(correct) 'CH,

2. Number the carbon atoms of the longest chain selected in which
direction gives the nearest branching for the location of all branches.

Example:
5 4 3 2 1
CH;-CH;-CH, - (FH—CH;;
(correct) CH,
1 2 3 4 5
CH3-CH,-CH,- (FH ~-CH,
(wrong) CHa

3. Position of each alkyl radical is designated by number of carbon
atom to which it is attached

Example;

4
CH. _ 3 2 1 5 4 3 2 !
a-CH,- CH - CH, CH;-CH, - CH - ﬁ:H—CHs
, CH, CH, CH,
~methyl butane 2,3~ dimethyl pentane

numb(‘:r of
penta Cf.c

adicals appear more than once in the chain then the

alkyl radlcals is represcnted by adding prefixes di, tri, tetra,
With the name of alkyl radical.
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Example:
CH,
5 4 sl - !
CH,-CH,~ °C - GH -CH;,
' CH,
CH,

2,3,3 -lrimethyl pentane.
5. When two or more different alkyl radicals are present in the chain
then they are named In the alphabetical order i.e ethyl before methy,

and methyl before propyl etc.

Example:
CH,
5 4 3 | 1
CH;~CH, - ?H - 3C - CH,
I
G n
CH,

6 5 .
CH;-CH,~ CH - ) 3 1
A= CI:H CH,-CH,
?Hz CH,
CH,
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Example:
CH,
5 4 sl - !
CH,-CH,~ °C - GH -CH;,
' CH,
CH,

2,3,3 -lrimethyl pentane.
5. When two or more different alkyl radicals are present in the chain
then they are named In the alphabetical order i.e ethyl before methy,

and methyl before propyl etc.

Example:
CH,
5 4 3 | 1
CH;~CH, - ?H - 3C - CH,
I
G n
CH,

6 5 .
CH;-CH,~ CH - ) 3 1
A= CI:H CH,-CH,
?Hz CH,
CH,
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Other examples:
@) CHs—C(CHj), =(CH,), - CH,

CH,
! ,l 3 : ;
or CHy~ 3¢ =CH;-CH;~CH,
|
CH,

2,2-dimethy! pentane

CH,

1 | 3
() (CHs),CH or CH;~- ?CH-CH,

2-miclhyl propane

CH,
CHay, ‘
(1) CH-CH,- CH 3
CH,/ |
C;Hg
. T
2 3
CH, \CH" CH, - ACH _5CH..,...°CH;
CH,/

2.4 —dimethyl hexane
W (CH,), CH-CH(C,Hs)-C(CH,), or
CH,
|
5CH,- ‘CH -°CH -3C -I!CH,
! | !
CH: cH, CH,
)

CH,

3-ethyl ~2,2,4-trinicthyl pentane
(Note: Usc hyphens) e
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IUPAC NOMENCLATURE OF ALKENES.

Rules for naming alkenes:-

1. Select the longest continuous chain of carbobr; a;c:}xgg which myg
include both the carbon atoms containing double :

2. The numbering of the longest chain starls from that end nearegt

the carbon-carbon double bond, irrespective of the location of alky]
radicals .

Example:
- T - A H. - CH, - C CH — CH, - CH
CHy-CH -CH=CH, , CH;-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 shoula also be mentioned .

3. The double bond in the com
suflix- “ane” of the corres
of double bond in the ch

Examples:

CHQ-CH2_CH=CH""CH3, CHS_CHz-_ CH --CH=CH2
2-penlene l_ ,
C,H,

3~ ethyl -1-pentene

Example
6 4 5 . l
Gy~ OH = CH=0H ~-CH=CH,
1,4~ hexadlene
18



Other examples:

CH;= CH - U= CH-CH,, CH,=CH- ?H-CH=CH3
l !
CH; CH, CH,

3,4 -dimethyl -2-pentenc 3-methyl-1,4 -pentadicne

7 6 5 4 3 2 1

1.3.6~ heplalricne or hepta-1,3,6-trlene.

IUPAC NOMENCLATURE OF ALKYNES

f -
1. Sclect the longest continuous chain of cabon atoms which must
include both the carbon atoms containing triple bond.
2. The numbering of the longest chain of carbon atoms starts from that
end nearcst to carbon—carbon triple bond, irresprective of the location

of alkyl radical.
Example :

1 2 3 4 5
CHs"’C = C"“CHQ"CH:}
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 thc corresponding alkane to -"yne".

Example:
4 3 2 1 1 2 3 4 B
CH,-CH,~C=CH, CH, -C = C- CH,- CH,
I-bulyne 2-pentyne

9. If two or more triple bonds are presented in the chain then they are
Indicated by adding the prefixes ditri etc before the suffix-"yne"

Examp]e:

> & 3 g ]

6 5 4 3 2 |
®Hy-C=C-Camcn, CH,-C=C- CH-C=CH
1.3-pentadiyne é[—l

J

3-methyl-1,4 —hexadiyne
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6. Other rules remain same as usual.

Other examples:;

2 3 4 5 4 3 2 1
éHa-C=C-CH3 CHa"' CH" CH"'CECH
2-butyne | |

CH, CHj4
3.4 - duncthyl-}-pentyne

3 2 1
&H, - (T':H . ‘?H -&=C-CH,
CH, CH,
CH,

4-ethyl-S5-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 given to the
double bond

Example:

1 2 3 4 S 1 2 3 4 5 6 éH
CH; =CH-CH;-CaCH CHy;-CH=CH-CH,-C=C-U%%
1- penten-4-yne 2-hepten-5-yne
2. In casc of a chain contalning both double and triple bonds o

diffcrent positions then the numbering starts from the end wher¢ the
double or triple bond is nearest.

Example:
= 5 4 3 2 |
(:}{3"(:fi::(:}l-(:}{z__(:!!(:!i

4-hexen-l-yne
! 2 3 4 5 6
CH: =CH—CH2_ Cs C—CH:'
l*huen—4-yne
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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- 1?1- R

I I

H R-N-H R
Primary aminc¢ Secondary aminc Terllary amine

Trivial or common nomenclature of amines:- Amines are' com-
f alkyl radical.

monly named by adding the suffix amine to the name o
In secondary and tertiary amines, the prefix di-or tri-is used before
the name of alkyl radical e.g.

()  CHj;-NH, Methyl aminc
)  C,HgNH, Ethyl amine
(i) CHz- NH Dimethyl amine
|
CH, |
vy CH;- N - CHs Trimethyl amine
|
CHj;

v CH;- N-CH; Dimethyl ethyl amine

I
| C,Hs
V)  CgHNH,
(Anlline)

Phenyl amine

M) CcHs- N-H Di-phcnyl amine

I

CBHS
. I ; ;
(vijj) CeH— N —CgHs Triphenyl amine
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[UPAC NOMENCLATURE OF PRIMARY AMINES“ "
In this system amine is named by replacing “—¢” of the parey

alkane with suffix-amine, €.8.
(i) CH;NH, Methanamine

(i) CH, - CH, - NH, Ethanamine

The primary amines can also be named as amino (NH,) derivative
of alkancs. The location of the amino group on the cabon chai i
indicated by a number to which it is attached e.g.

(i) CH,NH, Amino methanc
(ii) CH, - CH,NH, Amino ethane

3 2 1
(i) CH; - CH, - CH,NH, 1- amino propanc

3 2 1
(lv) CH, - (IJH ~CH, 2- amino propanc
NH,

LU.P.A.C NAMES OF ORGANIC COMPOUNDS CONTAINING
FUNCTIONAL GROUPS

If a functional group is present then the final "e” from the 1™

of hydrocarbons (Alkane, alkene or alliync) is dropped and the sufl
is added.

f
The table 6.4 explains the naming together with the names ¢
funcUonal groups when they are used as suffixes or prefixes:

TABLE 6.
6.4 "
Functional group IUPAC name Namc of th¢ ouf
with family as suffix functional &
as preﬂx
(i) - ai; 6l hydroxy~
COHOLS) -
5 |
I |
() -C-H _al ox0-
(ALDEHYDES) /
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Functional group JUPAC name Name of the
with family as suffix functional group
as prefix
o O
[l
(iii) —C- -one 0X0—
(KETONES)
0
(iv) —-C-OH —oic acid carboxy-
(CARBOXYLIC ACIDS)
i
(v) -C-OR alkyl —oate alkoxy carbonyl-
(ESTERS)
(vi) R-O-R’ allkoxy-alkane | alkoxy-
(ETHERS)
(vii) —NH, — amine amino
(PRIMARY AMI NE)
(viif) —X Haloalkanes halo-
(ALKYL HALIDES)
(ix) C=C — ene —
(ALKENES)
x) C=C - yne —
(ALKYNES)
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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:

(a) Catenation (b) Homologous series (c) Isomerism

4. Name the following compounds according to IUPAC system:-
() (CH,),CH~CH, - CH,
() (CH;),C- CH(CH,4)~CH, - CH,
(iif) CH, - ?[—{ - ('JH - CH,
C;Hs CH,

/CH;;
(iv) C;H;- CH - CH - CH
Hg CH3 \C['I;?,

() (CH,), CH- (CH,), - CH(CH,),

il) CHy~ CH - CH =CH,
CHj

(vil) CH, - ¢ =CH-CH,
CH,

Ha
(ix) CH;-cH, - E = C -CH(CHy),
Hy
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() CHy= € =-CH=CH-CH
CH,

(xi) CH,-CH,-C=C-CH,
(xli) (CH,),CH~-CH,~C=CH
(dl) CH, =CH-CH,-C=CH

(dv) CH;- CH -C=C-CH,-CH,
Hj
(xv) CH=C-CH,;-C=C-CH,

CH,
!

(xvi) CH=C-CH- C - CHy
!

C;Hg

B- Write the structural formulas of the followings:
) 3-mcthyl hexane

W)  2,3- dimethyl pentane

() 2,3,4-trimethyl heptane
(V) 3-cthyl -2-mecthyl pentane
M 3-heptene

tvi 2-methyl-1-butene

(vi1) 1,3 -pentadienec

(vily) I-hexen-3-yne

(& 1,3-pentadiyne

™ 4-hexen-l-yne
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CHAPTER '/

CHEMISTRY OF
HYDROCARBONS

vdroc-
The compounds containing only carbon and hydrogen are Qallcctiwf.l(; o
arbons. On the basis of structure, the hydrocarbons are divided into
classesi.e Aliphatic and Aromatic — hydrocarbons.

7.1 OPEN CHAIN AND CLOSED CHAIN HYDROCARBONS

rbon
In aliphatic hydrocarbons, the carbon atoms are attached to anotl;cr.rfsﬁ T
to form chains. These chains may be either open or closed (rings) chains.

‘ i . y d and
open chains on the basis of saturation of valence are classified as saturate
unsaturated hydrocarbons.

(1) Saturated Hydrocarbons: —

of carbon atoms are fully satisfied by
bons. The examples of saturated hy

o1ICIeS
The compounds in which all the valenci®

; drocar
single bonds are called saturated hydr
drocarbons are alkanes.

(i) CH,

(i1) Csz
Methane

Ethane

.3 T H - = C :
(i) Lzl 14 or H > L C < i._I-I (u) CzH4 or H- C
Ethylene or ethene

Acetylene or ethyn€



The hydrocarbons which contain closed chain of carbon atoms are called cyclic
hydrocarbons and examples are cyclo alkanes and cyclo alkenes.

(i) (ii)

Cyclo —alkanes Cyclo —alkenes

Aromatic compounds are benzene and jts homologs. These compounds are
further divided into homonuclear and hetero — nuclear aromatic cornpounds.

Some Important Terms

Alkanes: — Alkanes are the open chain saturated hydrocarbons in which all
bonds are single covalent bonds. Each carbon atom is 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
| | ]
(i) H— C—H (i) H—C—C—H (i) H-—(IJ——-tlr——T—H
I
I!I }-I! 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 atoms are connected by a double bond (,C=C\) . The names of alkenes
nd with" _ene” and general formula is C,H,, where nis a whole number which

1Sequal 1o 2 gr greater than 2. The structural formulas of few alkenes are given
below: _

H H H T T
| ) o
(i) C=—c (ii) H~—(|3—C—f[3
Vo o
Ethene(C,H),) Propene(C Hy)
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H H H H H H H H
I N I N
(i) H—Cc—-C=C—C—H o H T (l: c__.___tT
l l
H H H H H
2 -butene (C H)) 1-butene

Alkynes: — Alkynes are unsaturated open chain hydrocarbons in which twg
carbon atoms are connected by a triple bond (=C C—). The names of
alkynes end with " -yne"and general formula is CaH2n—2where n is a whole
number which is equal to 2 or greater than 2. The structural formulasof few
alkynes are given below.

H
. L.
i) H—C=C H (i) H—C C=(C—H
|
H
Ethyne(C,H,) 1 —propyne(C,H,)
T H H H
(iii) H——b—éEC’——C‘——H H Ll-:‘ ia éEé""H
| | |
H H H H
2~ butyne 1 — butyne (C,H,)

C-Yclic—Hvdrocarlmns:— The ali cyclic aliphatic hydrocarbons are clost!
challn hydlrjocarbons. The cyclic hydrocarbons are named by prefixing the W
cyclo to the name of the correspondi " senerd
formulais C.H, .Wherenisa ihale e S hydleaarbom: FUEE g

whole no.which i (han
» . s equal to 3 or greater
The structural formulas of few cyclo alkanes are giﬁm below: B

_ CH L 1
(i) & 1’\ (i) | a CT‘ (iii) 2
CH CH
2 2 CH2 ——— CH2
Cyclo—propane (C H,) Cyclo-butane(C H )
4 a8
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ymati —Hydr roons: — Aromatic hydrocarbons are special class of
cyclic compounds containing benzene ring. Benzene ring is a six — membered

ring of carbpn atoms with alternate double bonds. Other aromatic hydrocarbons
are the derivatives of benzene.

H

I

C
W—g? ¢ —H

| or

H-— C\C/C —H

l

0 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% of
Methane. In Pakistan natural gas occurs in the form of sui gas found at Sui 1n
Baluchistan. It is also found in the marshy places and stagnant pond and hence

named as Marsh gas.

Structure of Methane:- Mcthanc is composed of onc Carb'op and four
hydrogen atoms i.c. CH,. Carbon of mcthanc 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.

Flg. 7.1 Shape of sp® hybridized C-atom.
109.5°

Four sp3 hybrid orbitals of carbon over lap with four s

Orbitals of four hydrogen atoms to form mcthanc. It means the
Slructure of methane Is tetrahedral in which carbon is situated at
Centre ang hydrogen atoms are lying al its four corners of a tetrahe-

N as given in fig.7.2.
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T
= RH or C H
/ H

H

H

Flg. 7.2  Structure of methane

ration of

(1)From Sodium Acetate;— Whenanhydrous sodium acetate 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,,

This is the most convenient method for the preparation of methane.

(2) By the reduction of methyl iodide:—= Methyl iodide may be converted

into methane by various methods, some of them are given below:

(2) Reduction of Methyl fodide With Nascent Hydrogeni— When

methyliodide is treated with nascent hydrogen [H), it produces methanc.
The nascent hydrogen is obtained by the action of HCl with Za.

z
CH I + 2(H) £VAC ~CH_ + HI

(b) By Catalutic Reduetion of Methyl Jodide;— When methyl iodidt

treated with H, in the presence of palladium catalyst, it prodve®
methane,

CH,I + H_ bd

— CH‘+ HI

(3) Exom Methyl Magnesium lodide (Grienard Reagentl:— Mt ™
nesium lodide on hydrolysis produces methane.

OH
CH;—Mg-1| + H- OH = CH, + Mg
I

|
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- ——H or Cc
/ \H :

Flg.7.2  Struclure of methane

ration of

(1)From Sodium Acetate;— When anhydrous sodium acetate is hezted with
soda lime, it forms methane. Soda lime is quick lime shaked with concentrated
solution of sodium hydroxide.

CH; COONa  + NaOH |

CH«:} ¥ Naacoam

This is the most convenient method for the preparation of methane.

(2) By the reduction of methyl iodide:= Methyl iodide may be convered

into methane by various methods, some of them are given below:

(3) Reduction of Methyl fodide With Nascent Hyvdrogen;— When
methyliodide is treated with nascent hydrogen [H), it produces methane.
The nascent hydrogen is obtained by the action of HCl with Zn.

s
CHI + 2(H) ZVHC | CH, + HI

(b) By Catalytic Redyetion of Methyl lodide:= When methyl i0did*”

treated with H, in the presence of palladium catalyst, it produce?
methane,

CH,I + H, Pd

> CH§+ HI

(3) Exom Methvl Magnesium Jodlde (Grignard Reagentli— Met ™
nesium iodide on hydrolysis produces methane,

OH

CHy=Mg= 1 + H=OH ——_ ¢y, ymg 7/
N
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Physical Propertjes;—

(i) Methane is a colourless, odourless and non - poisonous gas.

(ii) It is sligohtly soluble in water i.e 100 mls of water dissolve only § mls of
methane at 20°C. The low solubility in water is due to non-polar);lawrc of

methane.
(iii) Methane molecule is symmetrical and nan-polar,

(iv) Methane is lighter than air. When liquified, it is less denser than water.

Chemical properties:- Methane Is relatively unreactive. It Is not
affeceted by aclds, basls and oxldizing agents such as potasslum
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

itisan example of substitution reaction.The halogenation is carried ou,
when methane is treated with halogen in the presence of sun light, heat

asa catalyst.

For example when methane is treated with chlorine in presence of sun
light, the one hydrogen of racthane is replaced by one chlorine and produce

following products.

sunhight . ¢H .61 + HCl

CH4 -+ Ciz
Chloromethane
9
CH.C1 + Cl, —» CH,Cl, + HCl
Dichloromethane
CH.Cl, + Cl, — CHCl, + HCI
Tri chloro methane (Chloroform)
CHCI, + Cl - CCl, + HCI
’ Tetra chloro methane

(Carbon tetra Chloride)
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anis ‘hlorination 1S free radjes
anism of Reaction:— The mechanism of thor.tmtl.(?nl is Re1 _vlc:
chmbrf:i?;ction.'lhe reaction starts by photochemical S‘;‘;ﬁ;‘{;;“gl'nftgllr:|
molcéulcinto chlorine free radical (oddcf:lcctron spt{:jglcl N "ltmc,:].;q m}“
is weaker than C—H bond. The chlorine fr.ec rd lcla . rz:di;:'ll i}}.enh;.:ljj.fg
molecule and forms methyl frce radical. This methy e chlgro-m.ﬂ;]:”'
ves a chlorine atom from another chlorine molccgle an i gan: ’]rl
and chlorine free radical. This chlorin¢ free radical (atom) rep same seg.
uence. This is shown below:

hp

(]) Clz . :C.:‘I‘

Chlorine free radical
(i) CH, + :Cl" + CH. + HCI
(iii) CH, + Cl, —~ CH,CI + :CI

Methyl
free radical

(b) Combustion Reaction:- When methane burns in oxygen, it
produces carbon dioxide (CQ,) , steain and lot of heat.

Combustion reaction is highly exothermic and a lot of heat is
given out.

+ 20

4(x)

2(0) ~ CO,,+2H,0_ aH =-4593 K_J/mole
=-2.85K.J/g of methane

Burning of methane takes place at high temperature i.e either by flame 072
spark. Once started, the reaction gives off heat. This heat is sufficient to mainta\"
the high temperature and to permit burning to continue

Uses of methane: — (i)
the manufacture of methan

Methane is used as a domestic fuel (i) It is used
ol, carbon black, polishes etc.

7.3 CHEMISTRY OF ETHANE

Ethalne is .t.he second member of alkane with molecular formula C,ts .
occurs along w ithmethane in natural gas and gases from oil — wells. In very s
quantities, 11 1s also present in coal gas. | ‘
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Structure of Ethane:— Ethane is composed of tw ‘
hydregen ALOMS 1. C,H EachC—atom of};thanc is sp? ;;;Eizlr;zae?i)sn?;iiim
four sp” hybrid orbitals. These four sp’ hybrid orbitals are arranged ig
tctrapedra} fashion. 9ut of four sp’ hybrid orbitals of each C—atomgthrec
hybrid orbitals are utl!lz_ed in the formation of sigma bonds with three h &ro en
atoms, wh-erc as remaining sp’ hybrid orbital of one C — atom overlaps \):.rith gs ;
hlyt:l'ld orbital of other carbon atom to form a sigma orbital between carbon nlo:ﬁ
giving cthanc molccule, as shown in figure 7.3: >

N\

N
=

Flg. 7.3  Structure of ethane

reparations of Ethane;

(1) From Ethyl lodide: =
hydrogen produces ethane. In this

zinc-copper couple and ethanol.

Ethyl iodide on the reduction with nascent
condition nascent hydrogen is obtained from

Zn/Cu + 2C,H,0H —(GH, 0) Zn+2[H]+ Cu

CH,I+2H ——4mM CHg + HI
Nascent hydrogen

(2) By Wurtz Reaction; — When methyliodide is treated with sodium metal,

¢thane is formed.

Ether Csz + 2Nal

2CHI + 2Na — joent

In this reaction other products are also formed.
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rignard Reagent) Pure ethane p,

3 Ethyl Magnesium Iodi Rea
o | magnesium iodide.

be obtained by the hydrolysis of ethy

OH

C,H, ~Mg— 1 +H=-0OH—— C;, *Mg\l

(4) Catalytic Hydrogenation of Ethene: — When ethene is treated with
hydrogen in presence of nickel as catalyst at 300 °C, It forms

ethane.

Ni
CH, +H, W0°e C.H,

Physical properties;— Ethane is a colourless gas. It’s boiling point is

—89°C. It is sparingly soluble 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,Hg + 70, - 4CO, + 6H,O + Heat

(ii) Haloggnation: — It reacts with halogens in a similar manner to methané
to form substitution products. The resultant reaction products are, howeve:
much more and these are firstly due to, the presence of six hydrogen atoms "

ethane instead of four in methan - a1 0SS
: : our e and secon ism 15 PO
ible at the dichlorination step. dly because isomer

Cl
CH.-CH 2 _ C
3 3 CH, CH,CI —-__&_._ CH,—CHClz " C]CH_,-—CH;CI
L.1-dichloro 1.2 -dichloro
ethane ethane

7.4 CHEMISTRY OF ETHENE (ETHYLENE C.Hy

It is the first member of alkenes with m js U
ith Jeis v

) p q & olecular formula C,H,: p

saturated compound containing double bond between two carbon
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H e . ‘
(H>C = E5% ) It occurs in coal gas upto 9%. It is also produced during
the destructive distillation of coal.

Structure of Ethene: It is the fist member of alkencs and is composed of two
atoms of carbon and four atoms of hydrogen 1. e 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
in fig. 7.4.

2
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 - bonds with two hydrogen — atoms, third sp” hybridized
orbital of onc 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 parallcl overlapping with onc another and form sccond
bond between two carbon atoms and this is n— bond as given in [igurc 7.5

ati ne: —

l1~(a) By the Dehydration of Alcohols:— When cthanol is heated with
‘Oncentrateq H, SO, at 170°C, it produces ethene. The reaction is taking place
4 !
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in two stages. On mixing ethanol and sulphuric acid in ratio of 1:9 by

volume. Ethyl hydrogen sulphate is formed in cold

+ H,50,,, ——*CHy0-50,-OH, +H,0,

Cz H_-,OH 4(aq)
Ethyl hydrogen sulphate

(2q)

On heating ethyl hydrogen sulphate, it decomposes into ethene

Heat
C: Ha -0-30, _OHmn Cn H4 (e) + H:SO4 (aq)

“Actually the reaction is regarded as the dehydration of ethanol by hot
sulphuric acid, because the over all change is the removal of one water

molecule from ethanol.

Conc. H:SC“ ”
C,H,OH,, ANy GH,, +H0,

(b) Ethanol may be converted to ethene by passing the vapours of ethanol

over catalyst just like Al,O,, H PO, /AL O,

C=H5OH _—AII(_)J_, C3H4 + Hzo
350°C-360°C
C,H,OH H,PO,/Al,0, CH, + H,0
250°C

§
|5
asslum hydroxide, it produces ethe?® "
rea ’ S
ction is the example of climination reaction in which hydmgu“

los J
t by onc carbon atom and chlorine from the other carbo? ato!

’2.B Dehydrohalogenation of Ethyl chloride: -- When ethyl chloridcl
treated with alcololjc pot

CH,~CH, - Cl+ KOH —22L | (o _ oy 4 KCl+ HO

Alcohol Ethene
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3. De enation of

When vicinal dichloroethane is treated with zinc metal powder, it loses
one molecule of halogen and forms ethene,

CH,- CH, +2Zn Heat
| | (dust)

€l Cl

| .4- By R d“‘:—“ n of Ethyne; — Ethyne on hydrogenation under limited con-
ditions using Ni as a catalyst, adds one molecule of hydrogen to form ethene.

— CH, = CH, + ZnCl,

—_ H
H-C = C-H 2 » HO=0H
. - .
Ethyne i/ 200 *C Ethene :
Physical properties

(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.

hemical properti
Carbon- Carbon double bond:- The characteristic reactions 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 involve the breaking of n-bond. The typical reactions of the

double bond are of a sort:
| |
YC = C(+AB — — C- C— Addition reaction
| |
A DB

In this reaction © bond is broken and two strong § bonds are
lormed i its place. A reaction in which two molecules combine to yield
4 Single molecule as product is called addition reaction.
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In these reactions n-bond provides electron to the reagent thyt
is seeking clectrons, These reagents are called clectrophilic reagents,
hence the reaction is called electrophilic addition reaction.

Addition Reactions:-
(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,—t2° ,CH, - CH,

Ethene rcacts 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 spccla]ly aclve form of Raney nickel is prepared from @
nickel- aluminium alloy; sodium hydroxide |s added to dissolve the
aluminium and nickel remains as black or nickel catalysts can be
prepared by reducing metal salts with sodium hydroxide.

2 - Addition of Halogen; —

1,2—dihalo ethane] Thn Ethene adds one molecule of halogen and forms
CL>Bry >, for exa-mpl: g]r‘d;:;doli; reactivity of the addition of halogen® is
adds in the presence of ethano|. r:add at room temperature where as 100"

CH =CH + ] _ Roomtemp.

2 =, CH,-CH,
| |
Cl Cl
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CH, = CH, + By, _Room temp.

> (Isz—CH,
|
Br Br
t
CH, =CH, + 1], Ethanol .~ CH,—CH,

3- Addition of Hydrogen Halides:— Ethene adds one molecule of hvdrogen
helide and forms halo — ethane, the order of the reactivity is HI > HBr > HCI.
for example HCl and HBr react slowly than HI.

CH: = CHZ + HCI - CH; — CH2
|

Cl Chloro ethane

4-Addition of H2$04 :=— Ethene reacts with cold conc: H,S0O, (88%) and
forms ethyl — hydrogen sulphate.

0

|
CH, = CH, + H-—O—?—OH — i
0 H OSo,H

This reaction is important because ethyl hydrogen sulphate on boiling with
*ater yields ethyl alcohol.

- CHJ-CHz—OH + 1,50,

CH,~CH,-0SO,H + H,0
S‘WM;; Ethene adds hypohalous acid and forms

lon h a
¢thane halo hydrin
§+ 8¢ i
CH,= CH, 4+ HO = X (’3H2 -
OH X
\ In hyPUhalousacids (HO - X), the OH™ group Is the negative ends of
mﬁha]olls acids.
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contalning HCland HOCI, combines with ethene and forms a iy,
of chlorocthanol (chlorohydrin) and chloroethanec.

Cl, + H,0— HCI + HOCI

- i
CH, =CH,+HOC) = ¢ H,= ¢ H,
oH  CI

5 8-
CH, =CH, + H-Cl —CH,.CH,CI

6 -~ Reaction with KMnO, := When ethene is added in dilute and alkaline

solution of KMnO, , ethene is oxidized 10 ethane 1 ~ 2 diol (ethylene glycol
and purple colour of KMnOj is decolourized.

CH, =CH, + H,0 + (0], ———— CH, — CH,

From KMnoO, (!')H (|)H

Ethylene glycol

7 - Addition of water (Hydration);— Water adds with ethene under 1%

catalytic action of acid. Itis reversible reaction because dehydration (loss o
water) is also acid catalyzed reaction.

H* |
CH, = CH, +H,0 ===> CH, — CH, o CH, —CH,~7"

| l

H OH

(
rd gas;- Ethene on treatment with su/P”
monochloride forms mustard "t
gaswhich| [ttt
especially to skin. It was use s highly polsonous

d in first World War.
PHy = O, 480, Ty~ C -
CIIJ = CHQ = Cl

A. B ~dichloro di-ethyl sulphide (Mustard £
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ne:- Ethene polymerizes at 200°C and

under 100 atmospheric pressure in the presence of traces of oxygen

to form polyethene,

n

H\ H  200°c. 100 Atm. Pressure
H/c - C<H tmd‘& :[-CHS-CHz —]ﬂ
Elhene Polycthene

Uses:— Ethylene or ethene is used as anaesthetic and in the manufacture
of mustard gas Cl,(CH,~ CH, );S, plasticete. 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%. It is commonly called as
acetylene.

. Each carbon atom in acctylene is atlached to one

] her carbon
i alent bond (o—bond ) and to anot
:f::g;naa;:?;cbgo;;:%i: g;ch carbon uses 5p’ hybridized orbitals and two

unhybridized 2p orbitals (p, andp, ) toform its pi —bonds (x = bond). It isshown

inthe figure 7.6 o
; 07"
H

Flg. 7.6 Structure of ethyne

&L

» Bonds

linear

es have shown that acetylenc Is a

strfxniztmn'rgi ﬁ;?fgfg ::ug.l—C—H bond angle is 180° The C-H bond
cture. e .

length is 1.09°A and Cs=C bond length is 1.20°A.
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Preparations of Ethyne: —

(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
N

C =C+ 2H,0 Ca(OH), + HC = CH

Ethyne

(2) From dibromo ethane:— Dibromoethane on boiling with alcoholic
KOH produces acetylene.

CH, — CH, + 2KOH -OBOlE | oy o oy 4 2KBr + 2H,0

| l
Br Br

Physical Properties: —
(i) Itis a colourless gas with sweet smell.
(i) It is sparingly soluble in water,

(i1i) Itis less denser than air.

(iv) It explodes on compression to a liquid because of unstable nature.
Chemical Properties:

Addition Reactions

(1) Addition of ,
of H_ in presence of - 1ons):— Ethyne adds two moleculé’
2 ¢ of caralyst, (Ni) at aboy 200°C 10 ethene and then to ¢thé™

HC=CH —me— CH =c am
FIZT =CH
Ethyne ‘Ezlhcne 2. w2 CH,-CH,

Ethane
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(2) Addition of Halogens: — Ethyne reacts with Cl, and Br, in the presence

of acatalyst even 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
’ I l
(1) CH=CH 4Cl,——+ CH— CH

| |

Cl Cl C! Cl

Ethyne adds I, with difficulty but in the presence of ethanol, di —iodide is
formed.

CH==CH+ I, =anol_ ¢y oy
l |
I I

(3) Addition of Hydrogen Halides: — Ethyne adds one or two molecules of

hydrogen halides.

H Blr
CH=CH + HBf — CH=CH +HBr—= CH— CH
[ l I
H Br H Br
Vinyl bromide 1.1- Dibromo ethane

f HBr to vinyl bromide, takes place
e o that the negative part of HBr

he least number of hydrogen

Tht? addition of second .
4cording to Markownikoff's rule. This rule states
fldds with carbon of the compound which containst
dtomg,
dide at room temperature, with hydrogen

Eth : : '
e combines with hydrogen 10 h hydrochloric acid is very slow.

I g by 4
Omide at 100°C and the reaction Wit
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(4) Addition of HCN: — Ethyne adds HCN in t_hc presence of cupergy,
chloride and NH, Cl to form acrylonitrile (Vinyl cyanide).

CuCly/NHCl i = ol

| I
CN H
Vinyl cyanide

HC=CH + HCN

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
CH = CH + H,0 g 4/ s 1 2 Rcarrangcmcrll - —-(I;]I-H
TA%C OH a 1
Ethana

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

9[ hcat,.the oxyacetylene flame can attain a temperature upto 3000°C which
is used in gas weldings.

CH = _.5_
R=CHY 50, 2CO, + H,0 aH = —312KJ/mo

(7) Oxidation of Ethyne:—

KMnO“. two molecules of acid ar

When ethyne is treated with hot aqueo®
e formed.

CH=CH + H,0 + 3[0) KMHO‘

Colg » 2HCOOH
Formic acid
OH OH
— KMnO ‘ |
HOt O=C——cC=0
Oxalic acid
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Gybstitution Reaction or Acidility of Ethyne
_.--'"-":—_-_.-.____ X

(1) Replacement by Na:— When acetylene is passed over heated sodium,
both the monosubstituted, and disubstituted acetylides are formed.

Na = Na
HC=CH 5 > CH =CNa heat ~ NaC = CNa
Mono sodium ~ Di- sodium
acetylide acetylide

Il di-sodium acctylide is trcated with an acid, acetylene is

reformed.

NaC =CNa + 2HCI — HC = CH + 2NaCl

(2)Replacement of Heavy Metals: — When acetylene is heated with AgNQ,
orcuprous chloride in Ammonia cuprous acetylide or silver acetylide is formed.

CH=CH + 2AgNO,, —2Mmona _ ,,c = cag + 2HNO,
Silver acetylide
(White solid)

CH=CH 4+ 2cyc] Ammonia_ , e = c_Cy + 2HCI
e Copper acetylide
(Red solid)

Inthese reactions, acetylene shows acidic properties.

wh'u’u‘& Acetylene is used for the preparation of oxyacetylene flame
hhas a temperature of 3000°C. It is also used in welding purposes. [t is used

f
o?f?\}e Preparation of acetaldehvde, acetic acid and ethanol for the manufacture
Cie polyvinyl chioride.

S BENZENE

lnl . = ; ¥ =
or the €arly nineteenth century, when organic chemistry was still developing,

o I €Ompounds were classified as either aliphatic or aromutic. Aliphatic
i el
Poungs 4ra open chain or acyclic compounds and were so named becauss
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- of the fact that the first compounds of this class to be studied were fatty acig.
(Greek : aliphos = fat). Besides aliphatic comPOUf‘dS! large number of COom.
pounds were obtained from natural sources e.g. resins, balsams and "aromgy;, -
oils from plants, whose structures at that time were unknown but had one thing
in common, a pleasant smell and were thus classified as aromatic (Greek : aroma
= pleasant smell). Careful investigations of these compounds showed tha they
contained a much higher percentage of carbon content 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 deriva.
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 10 be one of the constituents of coal tar by

Hofmannin 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 different methods as under:

(1) From Petroleum (n-hexane) (Hydro forming process);-

n-hexane on heatlng at 480-550°C and under pressure of 150-
300 pounds per square inch and in presence of catalyst such as oxldes
of chromium, molybdenum, vanadium forms benzene.

This method s bascd on dehydrogenation, cyclisation and

isomerization.
CH
CH:Z"' Cl']:] / 2\
| /CHS 480-550°C/V;05 H,C CH,
CH,- CH, - CH, 150-300 Psi (-Hg) H CII (.l.H + Hy—
n-hexane 2 \ 2
CH,
H Cyclohexane
|
c
H-Cé \C~l‘l
| Il +3H2
H-C C-H
\}C/
|
H
Benzene
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¢ -heptanc;- When n-h

eptane Is hea s 5
and under high pressure and in cd at high temperature

presence of Catalyst, gives toluene,

CH,
480 - 550°C
CHJ - (CH2)5 - CHJ \ O
. 15 + 4H
* n-heptane 0-300 Psi V05 2
Toluene

~ Toluene on further heating with hydrogen at 580-760°C and i
presence of cobalt-molybdenum Catalyst, gives benzene.

CH3
@ - 580-760°C @
Tolucne

Benzene

(iii) From Coal:- One thousand kilograms of bituminous—coal on
heating in absence of air, gives 50 kg. of coal tar (along with coal gas

and coke) which by further fractional distillation produces 0.5 to 1.0
kg. benzenc.

Bituminous Coal Heated In sbapiss ofale . Oigal i (Soxmfﬁu%:‘.:;‘-menzene
(1000 kg) (0.5-1.0 kg)

“ﬂ-EF—Qm_AC.c_bd_c_n_c_t Acelylenc on passing through red hot tube in

Presence of organao nickel catalyst, forms benzene by polymerization.

H
|
e |
7
= e
C-H 1ol H-C "
| Organo-nicke & i
H
QN

I ?
o} catalyst H-C, ,CH

) ‘ '
H
or
Mo
Aetl}’lenc 0= H) > CBHG

Benzenc
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{j) From n-heptanc;- When n-}
and under high pressure and i

¢plane s hea(cd at high temperature
N presence of Catalyst, gives toluene.

b - 8
480 - 550°C
CH3 =g (CHz)s = CH _\__‘
| n-heptane * 150-300 Psi V705 +4H,
Toluene

~ Toluene on further heating with 1},

ydrogen at 580-760°C i
presence of cobalt—-rnolybdcnum cat g and In

alyst, gives benzene.

CH3
@ - 580-760°C @
Tolucne

Benzene

i) From Coal:- One thousand kKilograms of bituminous—coal on
heating in absence of air, gives 50 kg. of coal tar (along with coal gas

and coke) which by further fractional distillation produces 0.5 to 1.0
kg. benzenc.

Bituminous Coal Heated In abserice ofalr_ 4 Coal tar (50Kg) %Henzene
(1000 kg) (0.5-1.0 kg)

v) From Acetylcnc:;- Acelylene on passing through red hot tube in

Presence of organo nickel catalyst, forms benzene by polymerization.

H
f
» I
H-c”7 Cu
C-H ”_C? C-H
Il Organo-nickel | , Il
H
“h
H

/
-c\\} catalyst H-C, ,CH

Benzene
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(vl From phenol;- When vapours of phenol are passed over req
zinc dust then it is converted into benzene. As removal of oxygen lakes

placc from phenol hence such process 1S called reduction of phepg

O|H

@ 75 vedd hot @ +7n0
(dusl)

Phenol fienzene

vil) From sodium benzoate;- Sodium benzoate on healing with
sodium hydroxide forms benzene. In this process removal of carboxyl
takes place hence it is called decarboxylalion.

COONa
@ +NaOH — ety @ +Na,CO,
Sodlum benzoale Benzene

Physical Properties of Benzene:— Benzene is a colourless liquid having
m.p. 5.5°C, b.p. 80°C with a peculiar smell. It is highly inflammable as aromatic
compounds contain more carbon and less hydrogen. Benzene burns with @
smoky flame as it contains 93.6% carbon. It is immiscible in water. [t is however
miscible in ethanol and ether and dissolves fats, resins, sulphur, iodine etc. Itis
toxic compound and causes blood cancer. It is used for the manufacture 0f
nitrobenzene, dyes and drugs.

Structure of Benzene:— Chemical analysis and molecular weight deter

mination show that the molecular formula of benzene is C;H, . The correspon¢
mﬁ .aI}ll-.]ane is n —hexane having the molecules formula C GH “Thus benzene
a mghly unsaturated hydrocarbon ang because of lhisswe“mighl expect that

benzene behaves like other un )
. ; saturated h : o add!
tion reactions. ydrocarbons which underg

However, when benzene is treated wi : : ueov’
KMnO, or with dilute acids,no reaction t;é}c]u(rzlz \?Vrhf:; ", dark{or:lr:g :ﬁp ati¢
hydrocarbons react. Benzene reacts with 1he_;,e rea ezfsu;f:: tll:ldel' dif[areﬂI
conditions and undergoes substitution reaction. Sugbsximﬁon reaction 8 e
most common kind of reaction of the aromatic ringi.e replacement <3f113fd“’?"e
by another atom or group of atoms. =P
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(vl From phenol;- When vapours of phenol arc passcd over req g,
zinc dust then it is converted into benzene. As removal of oxygen (ajgg

place from phenol hence such process is called reduction of phep

OH
|
(dusl)
Phenol Benzene

(vi) From sodium benzoatc:;- Sodium benzoate on heating with
sodium hydroxide forms benzene. In this process removal of carboxyl

takes place hence it s called decarboxylation.

COONa
@ +Na01{—-““;‘>@ +Na,CO,
Sodlum benzoale Benzene
Physical Properties of Benzene:— Benzene is a colourless liquid having

m.p. 5.5°C, b.p. 80°C with a peculiar smell. It is highly inflammable as aromatic
compounds contain more carbon and less hydrogen. Benzene burns with 8
smoky flame as it contains 93.6% carbon. It is immiscible in water. It is however
miscible in ethanol and ether and dissolves fats, resins, sulphur, iodine etc. Its
toxic compound and causes blood cancer. It is used for the manufacture 0
nitrobenzene, dyes and drugs.

Structure of Benzene:— Chemical analysis and molecular weight dc‘c(;'

mination show that the molecular formula of benzene is C H, . The correspont™
ing alkane is n—hexane having the molecules formula C 6H Thus benzene
a highly unsatrated hydrocarbon and becayge of this we might expect h2
benzene behaves like other unsaturated hydrocarbons whichgundergo add
tion reactions.

However, when benzene is treated wij i ith aqued”’
KMnO, or with dilute acids,no reaction oc: e or 5 [ndadeorilt al? atc
. urs. Where as unsaturated alip
hydrocarbons react. Benzene reacts with these reagents but under differe™
conditions and undergoes substitution reactjon. Substitution reaction e
most common kind of reaction of the aromatic ringi.e replacement of hydro
by another atom or group of atoms,

b A



For instance, benzene will react wip bromine in presence of Lewis acid -
catalyst ferric bromide. The prodyct obtained is bromobenzene,(CsH Br)in %
which one hydrogen atom has been replaced or substituted by bromine atom. &
No addition product is obtained ; thys s

FeBr
(i) C;H, + Br, “= C.H, Br + HBr (Observed)

*
() GHy + Br, ’“CGHSBB + C(;HGBI“%-(ZGI-!6 By (Not observed) "

Similarly, benzene (aromatic rings) undergoes chlorination, nitration, sul-
phonation and alkylation reactions to give chlorobenzene (C, H,Cl), nitroben-

zene (C.H,NO,), benzene sulphonic acid (C,H,SO,H) and toluene
(CH,CH, ) respectively.

. .

. Ty ){
", Ko - &

=

iron as
+ = C.H,Cl + HCI
Gl + €, catalyst i

C.H, + HNO, — 159 . CHNO, + H,0
C.H, + H, SO, » C H,SO,H + H,0
AICI,
C H,CH, + HCl
C H,+ CH, - CI T T H,

All these are substitution products rather than ll:)e ch:cit::cdo?:i;];}l:;
Products, Benzene thus behaves like a saturated hydrocarbon in sp -

atitis a highly unsaturated compound.

e Aol

There are two possible explanations for such behaviour. '};hi flrs:I 1; lgal only
One of the six hydrogens IS reactive and the second 1S .Ihal all 1he six hy rogens
€ equivalent and replacing any one of them results in the same product.
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The second explanation appears to be more acceptable and as we will sgqy,
learn to be the correct one.

To explain such unusual behaviour of benzene several structures were
proposed. Kekule in 1865 proposed a ring structure (1) for benzene wity
alternate carbon—carbon double bonds.

H
|
5
H— (l':/// \C —H
—— -—H
H C\\‘C/C
l
H

According to Kekule, formula of benzene should give addition products. The
structure of benzene is equally represented by structures I and II and that these
structures are equivalent and can result by shifting of double bond.

I i I

The structure would amount to a structure some what similar to 111 above.
It would appear that the double bond is net 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 ad jacent carbons
whereas in practice only one was isolated

X X
1
6 ZY : 1 2
or
5 3 5 3
4 4
v Vv
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The second explanation appears t0 be more acceptable and as we will soq),
learn 10 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 wiry
alternate carbon —carbon double bonds.

H
|
C
H— C// \C —H
— —H
H C\C/C
l
H

According to Kekule, formula of benzene should give addition products. The
structure of benzene is equally represented by structures I and 11 and that these
structures are equivalent and can result by shifting of double bond.

0—0Q-¢

The structure would amount to a structure some what similar to 111 above.
It would appear that the double bond is net 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 disubstitut®

(IV or V) ortho—products (in which the substituents are on adjacent carbons)
whereas in practice only one was isolated

X X
1
6 2Y YG 1 2
or
5 3 5 3
4 4
v \Y)
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In IV the substituents (X and Y) are on carbons containing a single bond
while in V the substituents are on carbons containing a double bond. To explain
why only one product is obtained, Kekule in 1872 forwarded his theory that the
carbon atoms in benzene were in a state of vibration and due to this vibration,
each carbon —carbon 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.
) @
-
2
:: 7
VI VI

VIl

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
ring and that the bond angles of the

hydrogen atoms lying in the plane of the

carbof atoms (C)I_(%__C) in the ring aqd carbon — carbon — hydrogen
(C—C—~H) atoms are all 120°, strongly indicates that each carbon atom fonps
a hybrid orbital by mixing of 2s and two 2p orbitals which are cglled sp” hybrid
Orbital, The sp’ orbitals of adjacent carbon atoms overlap with each other

linearly (sp?—sp?)and form sigma bonds.

The third electron of each carbon atom forms another s'tgn?a bortl)d Wc;lh ls
Orbita) of hydrogen atom (sp” —$)- Like this there are twelve sigma bonds, SIX
€tween two carbon atoms and six between carbon and h)"i"og‘?”falméﬂs- gc
fourth, electron of 2p* remains with the carbon atom m.:he orm of lobes. The
l P hared forming a = orbital. These x

P, of the two adj arbon atoms are s

: 0 adjacent carbon ato : ‘ 1

Orf)”alq a are , 2 her. There are Six 2p' electrons one on each
S are parallel to each other. i
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carbon atom. These six 2p electrons or orbitals on each carbon atoms are pe,
pendicular to the plane of the ring and paralle] to each other as shown in figure
7.7 (a).

Flg. 1.7

£ The electrons in these p — orbitals can be paired in two ways (as shown in
.7 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.

ern_Representation of Benzene Structure:— The molecular orbital
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
hexagonal with alternate single and double bonds. These are shown in Figuré

7.8 .
A
45
% Fig. 7.8
s
E The first symbol is useful to describe the delocalisation of  electrons in 1€
..~ aromatic system; while the second which is similar to Kekule structuré 18
..~ simple and accurate way of representing the movement of electrons.
; : . - . jlic
A Reaction of Benzene: — The principal reactions of benzene are electropl i
;j substitution reactions. However, under special conditions. benzene underg

+Z._ addition and oxidation reactions.

o - , et
Electrophilic Substitution Reactions:— 1f we look again at the figu" ne

a. d we will observe that there is a cloud of x ~—electrons above and belo%
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plaﬂc of

benzene molecule. It is these = —electrons that are responsible for
fic substitution reactions of benzene. In these types of reactions, an

ctrophi .
cle le attacks the x —system of benzene toyield a delocalized carbocation

lectrophi

o electr

(he benzene ring. This breaks the cyc
formed, one carbon (the carbon that is 2
d. This causes instability and to overcome

from the carbon that bears the
(2). The loss of proton results intne
bility of the ring and

arcnillm ion is

clcctmphilc)»becomes sp3 — hybridize
this instability the arenium ion loses a proton
electrophile as shown below in step (1) and
rcgcneration of the double bond which restores the sta

own 3 arenium ion or a

ons of the p.—system to form a o—bond between
lic system of n(Pi) electrons, because wies
ttacked by the

formation of the substitution product.

Step | Altack by electrophlle and formatlonof ¢

"
E

- complex.

+
+ +
H E H E H E
- Arenlum lon -
sp, hybridized or o - complex.

Step 2  Loss of proton, formation of substitution Product.

Important electrophilic reactions of benzene are the

(i) Halogenation
(ii) Nitration

(iii) Sulphonation

(iv) Alkylation and acylation by Friedel-Cra

u&?’csc reactions are important sin
as starting raw materials foram

Fig.7.9

following:

fis reaction

ce the substi
ultitude of organic compou nds.

o—complex. The electrophile does this by taking
it and one carbon of

tution products they form, are
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-~

:— Inthe presence of Lewis acids cata]
benzene reacts with bromine and chlorine to yield bromobenze
chlorobenzene. lodination does not give good yield and fluorinarig
vigorous to control.

Oe ang

FoCl, Cl
D e
+ Clg ZSOC + HCl
Flg. 7.10 Chlorobenzene (90%)
Halogenation
of benzene.

‘FeBr, Br -
e Br, —_— + HB:

Bromabenzene (75%)

Os;{?le ;u?ction of the Lewis acid catalyst is to provide an electrophile i
Eal \ve halogen jon for transfer to the benzene ring. The formation of positive
ogenion is illustrated below using bromination as an example.

:él}l ¥ 1Bri 1
Step 1 3.. Y . k] " ' +
oREE e F[“ ——BrRTBr — Fe —py: | + B
l - ok
*Br: L :Br:
or
B -
2 FeBr, == Fe Br, + B
Ste 2
g + 1pr; Slow ‘-:?_ir
+
r
- *)}1 \‘ @/ . H+
- Bromo-
Step ¢ Benzeneg
P Fe Br‘ . H+ FBQI
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(i) Nisration of Benzene:— The nitration of benzene is carried out using a

mixture of concentrated HNO, and con¢.H, SO, in the ratio 1:1. The function
of conc. H,SO, isto increase the rate of reaction by increasing the concentration
of the electrophile — the nitronium ion, NO] . The various steps of the
reactions are as follows:

Step 1. . ™ _
H-O0-NO, + H-0-SOH == H-0-NO, + HSO,
l
H
Step 2. L & . _
H-OJ NO, + H,;SO, == NO, + H,0 + HSO,
I
H
+ ] NO NO + NO
Step 3. NO, 2 2 2
Slow H e H o o H
+* +
Step 4.

N

©: NO,
Ou + WO, Eagt . @’ —

Fig. 7.12 (Nitration of benzene)

iii) Sulphonation of Benzene: — Fuming sulphuric ac.id at room tempera-
lure reacts with benzene to produce benzene sulphonic ac:d: Fuming sulphuric
acid contains sulphur trioxide (SO,) which is the sulphonating reagent.

§ 5
SO, + H,80, ————= SO,H" + HSO,

[ S
Fuming
__ SOH SOH
a bt e— +H
QYoo —
+

HSO, + H* —— H,SO,

Fig. 7.13 Sulphonation of benzene
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: Fricdel-Crafts Reaction:- The inyroq,,
~) and acyl group (R - C = 0O),in the benzene ring i D
elp of Lewis acid catalysts such as AICl,. The i'easnm
1 chemist, Friedel apgq hic

(iv) i
tion of the alkyl group (R
erally achieved with the h
is known as Friedel — Crafts reaction alter a Frencl
American collaborator, Craft.
Alkylation of benzene is affected by alkyl halide using AICl, as Lewis acjg;
The mechanism of the reaction using isopropyl chloride as the alkyl halide i

illustrated below:

Step 1.
CH,\ CH,\ _
/CH-—CI+AICI, - /CH" + AICI,
CH, CH,
Step 2.
+ H
+.2 CH CH
+ é’H p—— il
o - CH\
3 CH,
Step 3.
H

. CH
V4 3
( ﬁ—— CH, -+ Mg, == CHICH,,
CH, HEReS
Fig. 7.14 '
Friedel Crafts alkylation and acylation

Fricdel-Crafty A lati
atl i . i
presence of lewis acj ylation is achieveg by using a suitable acy! halide "

d catalyst (AICL) for example:

ﬁ 0
I
©+C”=C““CI L C—CH,
Begz?)ne + HCI
0
Acetophenone
97%

FIg. 745 4
' Cylation
0
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- : 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 to
an unsaturated and saturated cyclic compounds.

Hydrogenation of Benzene

Athigh temperature (150°C), 10atm. pressure and in presence of Ni catalyst,
benzene yields cyclo hexane.

+ 3H NI; 150° 10 atm or H/l | ~H
2 e H\C C/H

Flg.7.16 Hydrogenation of benzene

i i— Under suitable conditions,
benzene will react with chlorine 1o give addition product — Hexa chloro
cyclohexane ,

H_C!

Cl of
v 3C1, S0C M (C, H, CI,)
P ~a00atm. g, -
: H

H
Cl

Fig. 7.17

:— Benzene is not affected by common oxidizing

reagent such as KMnQO, or K,Cr,O,. It however, forms an oz'oonjde with ozone
and may be oxidized to maleic anhydride under proper conditions.

CH=0
Zn
+20, Ozonlde ——= 3 |
CH=0
Fig. 7.18
L b (0]
Oxidation of I
benzene. H-C —C .
: V.0
2@"90’_533"’!5*2 I PLILLEIY
4 H—C —C
[l
(@)
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IMdﬁnnmmm&ﬁmﬂnmmnBﬁmmmiﬂﬁhmmmmnmmiﬂmﬁmmh
When monosubstituted benzene (CgH, —6) undergoes electrophilic 4,

tack, the substituent (G) already present on the ring affects both the rate of

the reaction and site of the attack. The numbe ring of the ring of substituted bep.
zene is shown below:

G
1 Ortho positions 2,6
¢ . para positions 4
Fig. 7.3 5 L Meta - positlons 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.

rtho-Para 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.

c.ir_Oups which tend 10 direct the second subsiituent to meta —positios
(positions 3,5) are called Meta —Directors

It is useful and convincing to remember the following classification of 1he

substituent groups into three different classes with regard 1o whether (hey i
activating or deactivatin

PR g and whether they are ortho, para directing or meld~
directing,

(1) Ortho, para —- directing and activating.

(11) Ortho, para — directing and deactivating

(ili) Meta — directing and deactivating

activate the benzene ring and direcy

e ,;oUPS
s:— The following E-o and
para positions:

the next incoming substituent 10 O

HH
Alkyl (R): NH,, NR, and NHCOR (i e e o ide)
and OR (i.e hydroxy Hﬂd’alkmy)_ (I.¢ amino, alkylamino and @
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(i) Qrtho, Para directing and de—activating groups; — The halogens: F,

Cl,Brand lare mo:Elcfrate de —activating groups and direct the incoming groups
t0 ortho — para position.

(iii) 'Mc!g—-directing and de—activating proups: — The following are in-
cluded 1n ‘{“5 group NO, (nitro); SO,H (Sulphonic acid) and all carbonyl
compounds: COOH, COOR, CHO and COR (carboxylic acids, esters, al-
dehydes and ketones).

' Preparatiop of Benzene Derivative:— The knowledge of substitution reac-
tions ofaromapc rings and the nature of substitution already presenton the ring
together, provides a chemist a very powerful tool to synthesize a large number
ofl_acnzene 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.

CH, COOH COCH

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, COOH
NO, KMnO NO
CH, y e ’
’ OH /HO}
HNO, CH COOH
H,S0, 4 .
5H/H,0*
NO, NO,
Fig. 7.21



(ii) Qrthe, Para directing and de —activating groups; — The halogens: F,

Cl, Brandlare mocflf?rate de — activating groups and direct the incoming groups
10 ortho — para position.

(iii) Meta —directing and de—activating proups: — The f . .

. - _ :— ollowing are in-

cluded in ‘T“S 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 1o synthesize a large number
oft?cnzene 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-
zoicacid starting from toluene. We will follow the following route.

COOH COOH

CH,
KMnO, HNO,
Oxlidation 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, COOH
NO, KMnO NO
CH, . $ ?
OH /HO;
-—}-’ﬁ_q__.. CH COOH
HJSOI ?
KMnO,
T 5H/H,0*

NO, NO

Fig. 7.21
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ASSIGNMENT

1. Name the following by LU.P.A .C system:

CH, H
| "

(i CH,-T-?—CHz—C“a
CH, CH,

CH

I
(ii) H,C—-—CH{—? —Hy =EH, —En,

CH

3

CH
a
|

(i) HC—C==cH— CH,
CH
2
|
CH

1v —
(iv) CH, (:}-|2-_..CI-1----CH=-—CH,—CI'Izi

(V) He=¢—
c CH(CH,),

CH
“ s ?Ha
Vi —
H,C (l:--cac-—-c-—CH,
l
H CH,

2. Give the structura] formu|as of;
(i) 2,2, .

(ii)

3,3-tetramcthyl Pentane

1,2-dibromo —7 _ methyl propane.
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(iti) 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.

(b) Write the structural formulas for the five isomeric hexanes and three
isomeric pentynes and name them by I.U.P.A C system.

4. Write electronic structures for the following simple organic molecules
(i) Acetone
(ii)Phenyl magnesium bromide
(i) 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~ bromo propane
(b) Sec — butyl bromide
(c) Isopropyl bromide



8. Write equations for the formation of hydrocarbon by the action of Na mey

on:
(i) Ethyl chloride
(ii) 2— bromo butane
(iii) Methyl iodide

{ hydrogen in the presence of
9. A hydrocarbon, C, H, absorbs two moles of hy ertg  wards bromine ind
platinum as a catalyst. The reduction product 15 1n Lt ey
potassium permanganate. Draw possib]c.mmctu‘res Ipr f‘ h‘-ﬁ : e
information is necessary in order o establish the identity of the hydrocaroon.

10. What are the principal sources of benzene and its homologucs?

11. Draw the structures of the following compounds:
(1) Benzene (iv) Nitrobenzene

(ii) Toluene (v) P— bromobenzoic acid

(iii) Ethyl benzene  (vi) O —dichlorobenzene

12, (a) What do you understand by the term "Aromaticity” and how will yo
explain the stability of benzene molecule?
(b) Draw resonance structures for benzene.

13. What

would be the major monoch] med when
each of the f ) oro product (or products) for

O”OWiUg CQmpoUnds re - . . Of fcn'ic
i | act resence
chloride? with chlorine in p

(1) Ethyl benzene, CGHSCH:CH
J
(i) Triﬂuoromcthyl benzene, C.H.CF
d
(i) Meth
cthyl benzoate, (3‘513COOCI-I:F

14, Starg
‘arung from benzene how will you prepare the following:

(1) Acetophenone
(1) m—-n.itrotoluenc

(iii) p—nitrobcnzoic acid




CHAPTER 8

ALKYL HALIDES

These compou'nds are supposed to be derived from alkanes by replacing a
hydrogcn atom with a halogen atom. Their general formula s C,H;,+1X or
simply R-X, where R represents an alkyl group and X, any halogen atom like

ClL Brorl

-H____
+ X

RH

RX

8.1 CLASSIFICATION OF ALKYL HALIDES

Alkyl halides are classificd as primary (1°),Secondary (2°) and Tertiary (39),
depending on the kind of carbon atom that bears the halogen (x) atom.

Primary
H carbon
|
R—C—X
I

H

Primary (1°)
alkyl halide

€.g. chloroethane
or
ethylchloride

CH, CH, CI

Secondary
R carbon
./
R—C—X
|
H
Sccondary (2°)
alkyl halide
ec.g. 2—-chloropropane
or

sec—-propyl chloride

CH,
I

i
0

Tertiary
R carbon

|/
R—(C—X

R

Tertiary (3°)
alkyl halide

e.g 2—chloro-2-methyl
propane
or
Ter-butyl chloride

P
H,C— C —Q

|

CH

b |
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8.2 NOMENCLATURE

Common names of alkyl halides are obtained |
alkyl group to which the halogen (x) 15 at
the halide ion (Chloride.bromidec or iodide).

x) is attached

halides, prefix Sec—-and Ter—are respectively used.

According tothe LUP.A.C.5y
haloalkanes. The substituents are in

)-Jrf”_q:*,vrxt::igmr‘: name of tha
and then vrniting the
For secondary and tertiary alley,

;'.Cc,,"lr_ r’l’

stem, these compounds arc named 25
dicated by numbers of the carbon atoms i

which they are attached and the halogen bearing carbon is given the lowes,

possible number. For example:

Structural formula

Common name

—

I.U,P.A.C name

() CH,CI

Methyl chloride

Chloromelhanc

(i) CH,CH,Br

Ethy! bromlde

|
Bromocthane {17)

(1if) CH; - CHy - CH, - 1

Propy! lodide

1-lodopropanc (1*)

H
I
(iv) °CHy - 2C -'CH,
!
Br

or
(CH, Jz CH-Br

Isopropy! bromlde

or
secondary propy!
bromide

2-bronio propanc(d’)

L —

v ‘CH,-°CH,-*CHy-ICH, - |

I-buly! 1odide

1-lodobulane (1°)

e
l

() “CH;-"CH, - *CH -'CH

J

Secondary bulyl-
chiloride

CH,

|
(vii) °CH, -~ 2 ~'CH,
|
Iir

Tertlary butyl-

bromide

164 —
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Preparafionsi —

(1) Erem Aleehelsi= 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 PCI, T’Br; o 50(;-12 (thiony] Chloridc)getc, (HX) or with

(l) C}'I3 —CH,—OH + HBr > CHJ—CH:-BI A H:O
Ethyl bromide
. . o 32
(ii) CH,~CH, ~CH,-OH +50CI, “Y04i0e _ oy Cy _CH.-CI+4 50, + HQl
Pl’imary Propy] PI'OP)’] chloride ‘
alcohol or

]1-chloropropane

CH, CH,

(iii) CH;— C — OH + HCi CH,— C—Cl + H,O0

CH, CH,
Tertiary buty] Ter-butyl chloride
alcohol
(2) From Alkenes:;— Alkenes react with halegen acids(HX)to give an alkyl
halides.
3 2 1 3 2 1
CH'——CH-_—. CH, + HCl| —— C~Ha — (IIH — CH,
Propene Cl

2—chloropropane

(3) From Alkanes:— Alkyl halides ¢an also be obtained by halogenation of
a-lkaneS.

RH___ %2 _ RX+HX

CH, + O, — —— CH,Cl + HCl
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8.3 REACTIONS
Alkyl halides are highly reactive compounds and show a variety of reactiong
however,'only the following two types of reactions will be discussed here:
(i) Nucleophilic Substitution Reactions ( Sx reactions)
(i1) Formation of Grignard Reagent and its applications.
(iii) Eliminalion 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
/“\ Ié' o~ |
N + R—C—X > R—C—Nu + X
N

|L | i!l Leaving Nucleophilk
Attacking  Substrate Leaving group
Nucleophile

0

. e _ I
Nu = OH, OR, SH, CN, NH;,NH,, R-C -Q etc.

The reactivity of \he alkyl halides is due to the polarity of C - X bond. Sincé

the halogen atom is more electronegative than carbon atom, it develops? 5¥n3|
positive charge, i.e, it wil! be electrophi]ic
electrons frorn a nucleophilicreagent (Nu™)

bond, while the halide i i
o ¢ halide ion leaves with the electron pair of the Carbon-h3

. ro
In nature and can accept 3 palhilc-

to form a new carbon - n”CICOIEgcn

The reagent Nu™| is called an attacki ,
: ’ tacking nucleophi . alkyl halide .
.R-CH'*‘_X‘ 15 the substrate and X~ (the h:f]idccizgp llh':'lihe aalsi)ya nuclcOPh'le)
is called the leaving group. » Which s

he
. e cabl
different types of organic compouf]ds:
¢ substitution reaction of alkyl halide®



[ - ROH Alcohols
OR
= RORKR Ethers
SH
= RSH Thioalcohols or Mercaptans
RX =
LD = RCN Cyanides or Nitriles
NH
— —> RNH, Primary amines
NH,
= RNH, Primary amines
Y 0
_ I
R-C 6 = R-~C-OR 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 reverseis not true (Cl”will not displace OH' ).
Afewnucleophiles that are stronger bases than the halide ions are listed in table
8.1.

Table 8.1 Some Nucleophiles that can displace X from RX

o Nucleophile Typical Reagent
OH NaOH
B =t OR C,H,ONa
S K
L . SH SH
@ NaCN
= CN
NHz NaNH,
\\ i
9 v
l
SR R-C-O CH,; -C-ONa
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8.4 MECHANISM OF NUCLEOPHILIC SUBSTITUTIQN
REACTIONS

The nucleophilic substitution reactions may proceed b

. Y two diﬁcrgm
mechanisms and are accordingly classified as:

(1) SN? Reaction (It occurs in one step)

(2) SN' Reaction (It oceurs in two slcbs)

(1) Mechanism of SN2 Reaction:= In SN? reaction, the formation of ths
carbon nucleophile bond and the cleavage of the carbon-halogen bond ocay
simultaneously. Since the nucleophile enters as the halide leaves, it attacks the
carbon from the side opposite to that from which the halide is leaving;

| H Ho /H
Nm W NS—E%/X‘) BON Ny Gl #f
| AN ;
L H b

Transition state
(Dotted lines indicate bonds that
are being formed and broken simultaneously)

~ Asthe bond makin
1s also the "Rate deter
overall rate of the rea

i
l . 0”’]?11
8 and bond breaking processes occur SImu“anr:incs 5
mining or Slow Step” of the reaction, i.¢ it deter ¢

; ] . rticip¥
ction. Such areaction in which two molecules p? jgm

. .. . . han .:I
inthe rate dgeterrmmng Stepis called a bimolecular reaction. This me¢ phil*
called SN mechanism

. ) cle?
; » Which stands for substitution Nu 0
bimolecular, Th

!
. . trjlio
g 1C transition state drawing (shown above) is an illus
Visualize, what ig happening, »
(h
The rate of 5

2 . 'om of bo
. n SN*reaction depends on the concentratl
altacking nucleophile (Ny

") and the alkyl halide (RX).
1o [R-x] [Nu] (e

i (Z)Mtthanism Of SN'Reaction:-
\LI.SLSICP}PQ C-X bond splits reversibly
Ith positive charpe on a carbon aloma

stepd =
n two o (sh:ﬁd’
and’

SN'reaction occurs i .
lo give a positively -Chﬂison
re known as carbonium
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ion. In 1he second step the attacking nucleophile reacts with the positively
charged ion (Carbonium ion) to give the final product:

Slow % ~
R-X === R + X (First Step)
(Carbonium ion)

- EF
R + Ni = >R -~ Nu (Second Step)

The first step is slow and 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& > RCH > RCH, > CH,
Tertiary(3°)  Secondary (2°) Primary(1°) Methyl radical

ili s
Stability decrease -

3°-alkyl halides, therefore, generally react by SN' mechanism and 1° alkyl

halides by SN2 mechanism, 2° alkyl halides may react by SN or SPTI2 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 SN? mechanism.

Alkyl R,CX R,CHX RCH, X CH,X
halides 30 2 1°

Mechanism SN' Mixed SN- SN*
generally SN' and SN*
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Formation of Grignard’s Reagents:— Alkyl ha]'idc‘ react with magne;;,
metal in anhydrous ether to give alkyl magnesium halides or Grignard's rey,. .,

RX + Mp Ether - RMgX
Anhydrous

CH,l + Mg Ether —» CH, Mgl Methyl Magnesium lodice
Anhydrous

Reactions of Grignard reagent are explained on the basis that Carbor -
Magnesium bond is polarized due 1o the electrophilic nature of the metal. As;
result the carbon atom bonded to magnesium bears a partial negative charge

6~ &°
R-Mg-X

and hence behaves as a nucleophile, i.e. it will react with electrophilic
reagents 10 make new bond. This makes Grignard Reagents as one of 13
importantsyntheticreagents, i.e. theycanbeused o prepare avariery ol organc
compounds. Some reactions and important applications of Gngat
reagents are given below:

1. Hydrolysis of Grignard’s reagent (Formation of alkat-
Grignard's reagent on hydrolysls glves alkane.

"
Mel® il 2
+H-0OH— sR-H+M
\X g\OH
Waler Alkane

rorexample: hant
ror ple:- Methyl magnesium lodide on nydrolysls gives ¢

o IR

+d -4
Mg~ +H- Ol'l*‘\,CH + Mg
Water Heu‘mm

10 y

JOH
\




9. Reaction with alcohol (Formation of alkane):- Alcohol reacts

with Gngn/ard/_'srea_&tmld forms alkane.

-8 48 -5 446 ) ’
R“I‘@O—H »R - H +Mg{ "
: Alkane X

For example: Ethyl magnesium chloride reacts with mecthyl alcohol
and gives ethanc.

+6/C2HE&‘ -5+6 OCH
1 MUH;,OH »CHg + Mg/ 3
Cl
\C Methyl alcolol Ethane

i F i lkane):- Alkanes are

formed by the action of ammonia wih Grignard's reagent.

+48 /R-‘ +6 -8 /Nl'lz
Mg\ + H- NH, »R-H+Mg\
X X
Amimonia Alkane

For example: Ammonia reacts with propyl magnesium bromide and
forms propane.

/ /NHQ
Mg.\B + NH, —CH, - CH,; - CH; + Mg Veiy
r . Propane

with F falkane):- Grignard's reagent

reacts with amine and thus forms alkane.

5 N NH
5§ R% + -¢ 2
Mg/~ +R-NH, ;R—R+Mg<
\x Alkane X
E’Cﬂmpl{e:
NH,
CHy - Mg 14 CH, - NH, > CH; — CHy + Mg <1

C8lum lc;t:lzll(ﬂl:;l "~ Mecthylamine Elhane
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ation of alk ..
5, Reaction with alkyl halide [FOIE é'i - aT}JL Alkanes iy
formed by reation of alkyl halide wi rignard's reagent,

/"’_N
-8 48 +5 -6
R-Mg-X+R-X PR-R+MgX,
L Alkane
For example:

C,Hg - Mg - Cl + CH,CI »C,Hy ~ CH, + MgCl,
Ethyl magnesium Mcthyl Propane
chloride chloride

] ‘e

T arbondioxide lon of carboxyll
Grignard's reagent reacts with carbon dioxide and forms additin
product which on hydrolysis in acidic medium gives carboxylic acid

ST ey O O ,
Il OH

-5 +5 i3 =3 | " Hoonl ;
R-Mg-X+0=C=0 —» R- C-OMgX ———» R- C- OH+Mg,
dil HCI ‘
Carboxylic acid
For example:-
O 0 ‘
- - . Hood T
Mg{I +0 = C=0 ———> CHj - C-OMgl——» CH,- C-0H+%,
Methyl Carbon dioxide l Acetic Acid
magnesium
iodide
|-
- ctio Formation of primary drf:l)']f“i"
: r?rmiz:ildehyde reacts with Grignard's reagent followed by 1Y
acidic medium and thus gives primary (1°) alcohol .
R s I|4 Ot
H-CR= @34 R¥. |- oot Méh
F “Q*R “Mg~X————->-H—c_01\ng———+dﬂ”C] R*CE?‘OH“ %
H l '
H
Fnl‘rnf-ild(:hydc H — --11L'0hﬂl
For example: rimary ¢
ot
CH;; H {f
Mg! " i H-C< | L (M
‘Br 1= 0——au,-c- OMgBr 45088, oy - CH,O'
H | H pnylaleol
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8, R« ' h her than f Idch F
of s Icohol);- Grignard's reagent reacts with aldehyde

other than formaldehyde in acidic medium and thus forms seconda
alcohol. -

R R
R-Cm"-h‘lg"—x-——m (': 6]\5 X 130 0 I /
| N ;e IR-GOHEME,
H H H
Scc.alcobol
For example:
CH, CH,
6 b ot oo | =y e I /OH
CH,-(I',' =0"" +CH,- Mg- Cl———CH; - CI: -OMgCl—3——CH;- C -OH+Mg{
I Cl
H H H
Acelaldchyde Isopropyl alcohol

rti lcohol);- Ketone

reacts with Grignard's reagent in acldic medium forming tertiary (3°)
alcohol.

R R
Y T P OH
R Mg X +R- }f’ -R——R-C-OMgX——= :R-(Ij-OEI+Mg<x

| l
N R R

Tertlary alcohol

Kclone
For example:
CH > CH,
PR ?HJ | . -4 uj-ou’ | y JOH
CH, ~Mg-14CH,- " -0t ,CHJ_(E‘ ﬁOMgI-—HT—rCHJ- {iJ -Onr.‘;lg\{

CH, CH,

Ter: bulyl alcohol

i .. Elimination reactions are those reac-
Uong which involve the removal of two atoms or groups from adjacent

bon atoms of the molecule to form a multiple bond.
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When allyl halide is heated ’wth alcohollc potash, g molegy,
of halogen acid (HX) is climinated to form alkkenc (dehydrohalo genatio
c.g, ethyl chloride gives cthene.

CH, - CH,Cl + KOH »yCH, = CH, + KCI + H,0
Alcohollc Ethene
Explanation:- Consider an allyl halide having two or more thap ¢,

carbon atoms. The carbon atom bonded to the halogen atom direct
is called - carbon and the carbon atom adjacent to a—carbon agg,

is some time called as f-carbon atom and so on as shown below:

H H H H H** H

I T | | |
R-Cr-¢cf-C*-X R~ = 8 o 0¥0 b

I | | |

H H H H H* H

B-hydrogen
The hydrogen atom attached to -carbon is called 8 -hydroger
It is slightly acidic in nature due to high electronegativity of heloge

atom when a base is allowed to react with alkyl halide containing f
hydrogen . The elimination reaction can proceed as:

1*% H
/""Il |

- | o

B+R - ﬂc-\'— Cc*® -x-3 -+R-C=C-H+HB+X"
I 9 I |
H i H H

Base Alkyl halide Alkene

Thus due to the attack of base (nucleophile) (i) removal of /
hydrogen, (li) removal of haloge

n atom as halide jon (X ) and 0
formation of double bond between a-carbon and f-carbon také
place simultaneously.

MECHANISM OF ELIMINATION REACTION:

According to Hughes and In
tion between alkyl halide and stro
namely:

(i) Bimolecular climination (E2) reaction and

eac
gold (1941), the elimination r o8
ng base occurs by two mech
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(ii) Unimolecular eliminaion (E1) reaction

imolecular climination (Eg) reaction:-
Elimination reactions in which substrate (alkyl habide) and
attacking nucleophille or base such as OHare involvd in rate determin-
ing stcp are called bimolecular elimination or E, reaction.

Reactions of primary alkyl halides are generally E, reactions

which occur through transition state.

e sttt ) .
R
OH™ + R }_C_Cvlsﬁ_x-—d_SI_W*_’ R_ac!ﬁ...x4 > \C=C<
H \ I v\ H/ H
H H H
Primary alkyl halide TranslUon slale Alkene
+H, 0+ X~

It is onc step reaction and therecfore, is a rate determining step. On

applying law of mass action, we can writc :
Rate of reaction= K[R- CHZ—CHzx][OH_] where K is the
specific rate constant and | ] denotes the concentraign of species in

moles /dm?,
Such reations in which rate of reation depends on the

oncentration of two molecules are called bimolecular eliminationorE,
reacions,

UNIMOLECULAR ELIMINATION (E;) REACTION.
Elimination reactions in which only substrate is involved in rate

determining step are called Unimolecular elimination or E, reactions.

Reactions of tertiary alkyl halides are Ej reactions which occur in two

Steps;
step -Formation of carbonium ion:- In this step the tertiary

allyl halide jonises slowly and reversibly to give carbonium ion (R*)
4nd halide jon (X).

(I::I-I3 /CI_IS
Sl x -
CHy~ 0" =X ::‘L CH, - C\cl-IB -
I
CH,

Tertlary alky! halide Tertlary carbonium lon

175



i) Second step-Formation of double bond (Alkene):- In ths g,

the attacking base (OH™) removes a proton (H") from the f-cap,,
atom with the simultaneous formation of double bond betweey, .

carbon and f-carbon (alkene). This is a fast reaction,

I-]+6 CH3 H CI'I:]
\f“x-+/ Fast 3 /
OH™ +H- C - C > C = C e < Hzo
/N £
H C[—l:3 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.¢c substrate hence it is unimolecular elimination (E)
reaction,

Secondary alkyl halides give both I E, and E, reactions but that depend

on the nature of solvent. For E, reaction t_he solvent should be non-
polar where as E, reaction rcqulres polar solvent.

ASSIGNMENT

1. Qutline the structure of each of the following compounds:

(2) Isobutyliodide (b) l-chloro—Z—methylpentane

(¢) 2-bromo-3-methylbutane (d) 1-iodo—4-methylheptane

(€) 2—chloro—2 —methylbutane (f)Tcr—butyllodldC

2. Name the following by 1.U. P.A.C. system:

CH
(a) CH.-CH- |
) CH, [ CHCH-CH, () Br—CH, -CH-CH, -CH,
Cl
CH,
(c) (CH,), CH-CH, -1 (d) CH, _é.(:H: —CH,-CH,—CH,
|
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3. Classify the following alkyl halides a5 1%,2% or 3%

4. Outline the structures of the isomeric 3

I
. |
(a) (CH,), CH-CH,Cl (b) (CH,~CH, ) CBr (c) CH,-CH-CH,

Ikyl halides with molecular formula.

C,H,Cl.

5. Explain the following terms:

(i) SN”Reactions (i) 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

(e) Ethyl magnesium iodide with formaldehyde
() Isopropyl magnesium bromidé with water
(8) Methyl magnesium iodide with carbondioxide

(h) 1-iodo-butane and magnesium in presence of anhydrons ether.

7. Outline stepwise reaction mechanism for the following reactions:

n

e

() SN” reaction between bromomethane and NaOH
(b) SN' reaction between 2—chloro-2-methylpropane and NaCN.

8. Name the following compounds by 1.U.P.A.C. system:
(i) (CH,),.CBr.CH, (ii) (CH,),HC.C.Cl,
(iii) CH,—c[:H_cH, Br (iv) (CH, )’.C.(IZH,
[ Br

{ -
J, Giiiis . oo : ; “ - l >
"C > » ™ Te lOdUL[ t).‘( )L’L lﬂd tloﬂl L IL
; 11](-‘ .'.)'t[‘UClUl'ﬂ ;lnd namec 0[ lh(.: Llltet org 1nic p l

“lion gf ) _ butyl bromide with aq. KOH?
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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:
(1) Alcohols

(i1) Phenols
(1i1) Ethers (R-O-R)

} Hydroxyl group (- OH)

. Ry
(iv) Aldehydes ( Ce== 0)
H/

(v) Ketones (R\C= )

(vi) Carboxylic acids (R-COOH) and
(vii) Esters (R-COO-R)

In this chapter, the classification and nomenclature of each of the above®
ompounds will be discussed along with uses of typical members:

9.1 ALCOHOLS

of ¢

Aliphatic compounds containin hed 10
o | g hydroxyl group (-OH) attac
atom are called alcools. They are classified accord‘i)ng to the number Oftllzdrﬂﬂl
groups present in the compound. Monohydric alcohols contain ¢ ™
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group:; dihydric (two OH"), trihydric (three OH'), etc. When
four or more hydroxyl groups, (hey are usually

Monohydric alcohols:

Dihydric alcohols

Trihydric alcohols :

The monohydric alcohols form a homologous series with the
a1 OH or simply ROH. They are further classified into primary (1°)

mula G H,

Methy] n!cohoi

CH OH

HO-CH,~CH, -OH,

1.2 ethan dig]

C,H,OH
E? h"'i n I"’ ',-E\._--.'r

HO-CH,-CH,-CH,-OH

1.3 prapan dio}

the alcohols contain
called polyhydric alcohols:

HO(fIE—Ez—('ZH—Cl'l:-OH » CH,-CH-CH-CH, 0!

OH
1.2.3 ~propan triol.

I
OH OH

1.2.3-butan irig]

general for-

alcohol, Secondary (2°) alcoha! or tertiary {3°) alcohol, depending nn whether
the hydroxy group is attached to a primary, secondary or a tertiary carbo- atom.

Primary alcohal (1°)

Secondary alcohol (2'):

Ttrtiary alcoho] (39

i-thyl alcohol
CH,

-pF==-=-1

CHy =~ C—OH|

Sec. propyl alcohol

CH,
] ey .
cHa_.'_C——OHl ’

Tertiary butyl alcohol

n-propyl alcoii. |

CH,
B
CH,—+CH,— C —OH|
N
e H_____ J
CH,
oy
O
CH,
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It will be observed from the above examples that characteristje gro,
Wi

i i OH
alcohols is ~CH,OH, that of secondary alcohols is C<H ar.d

0f
primary Y
that of tertiary alcoholsis  — C — OH.

Nomenclature Of Monohydric Alcohols:
1. Common Names:~ The simpler alcohols are commonly known by (y;
common names. In this system alcohols are named after the alkyl group towp;

~OH group is attached. The prefix sec—or ter—is added before the name of .
alkyl group where necessary.

2.JUPACNames:- Following rulesare observed while giving LUPA(
names to alcohols:

(i) The longest carbon chain containing the hydroxyl group is chosenx
the parent alkane.

(ii) Position of side chains and hydroxyl group are indicated by number
of the carbon atoms to which they are attached. Lowest possible number
being given to the carbon atom to which the —OH group is attached.

(iii) The ending - € of the LU.P.A.C.name of the parent alkane is repié
ced by the class suffix —ol . For example:

. .o 1
(CHOH (i) CH,-CH,0H  (iii) @ &, -CH;OH
Methyl alcohol Ethyl alcohol

or
or or
methanol

ethano) 1-propanol

n-propyl alcohol

l
3 2(|:H;
: 4
(V) CH,-CH-OH (v) CHy
Isopropyl alcoho

|
32 { 4 3 2H.,Cl’{:
»~(CH,),~CH,OH  (vi) CH,-CH,"

o n-butyl alcohol Ol’jlcoho'
sec-propyl al or Sec-buty
¥! aleohol 1-butanol o
or Zﬂbutano
2-propanol
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1
CH, CH,

| CH

3

2| 3' 2 1

. 2 . 3 i 4
(vii) CH,-C-OH  (viii) CH,-C-CH,0H  (ix) CH,~CH-CH,-CH,OH
5 I
CH, CH, Iscpentyl alcohol
Ter-butyl alcohol Neopentyl alcohol il
or o 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 destructlive distillation of Wood which yiclded:

(i) Volatile inflammable gases

(i) Strongly acidic liquid distillate called pyroligneous acid
which contains methanol, acetone, acetic acid, methyl acetate and
other organic compounds.

Methanol was separated by fractional distillation cf this liquid.

(iii) The residue is wood charcoal.

Indu 1 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 healed catalyst
mixture of ZnO and Cr,0, kept heated to 400 to 450°C.

The resulting methanol vapours are condensed.

Reaclion:

Zn0O/Crp03

[Colsl Holg ] 200-4500C/200 atom CHL0H

Walcr 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:- N—

i) Oxidation to formaldehyde:- Methanol is oxidised to formalde-

gytie (H.CHO) when heated with a mixture of K, Cr, O, and conc.
250,

KyCr207

+H- CHO + H,0O
Formaldehyde

CHZOH +|O|

Conc. H2504
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anal) Is Turther oxidised t
- ~hvde [Melll,m:l” - 0 fOrm .
ro! 111;}‘1((:1;11]1)\““] the same oxidising mixture, : felg
= KoCr07
H- CHO + I()l Conc. 112504

(methanoic
»H - COOH

Formic acid

ii) Ester formation:- Mcthanol reacts with acetic acig o fony, an
csler.

CHyOH + CHyCOOH e===2Cl; ~ COO - CH, + H,(

Dimethyl ester
or melhyl acelate

(iii) Reaction with halogen acid;- Methanol reacts with halogen agig
like HCI (o form methyl chloride. This reaction is catalysed by Znc),

CHaOH+ HCl— 2%z oy, o1 4 H,0

8 of Mecth 1 alcohol:-

() Mcthyl alcohol is uscd as a solvent in lacquers and vamishes.

() It is mixed with ethyl aleqhol to render it unfit for human use. The |

mixture is called methylated spirit,

antifreeze solution .

2. Eth lAlcohol Etl
Y ( lanol,C )i~
1 Ethyl aleop e i

ol, t0mmonly known as alcohol, is produc ijc
ICntation process of starch or molasses by ¢

W Y micro-organism such as Yﬁi;t\}ed by
Lhe fcrmentation' [ arch;- The alcohol for beverages is d urpOSC
the grain {g cogko Starch Present in rice or potato. For this P mﬂﬁ

erminateq o ed to forn 2 pulp and then to this is 2dd¢ olyst®
Starch tg gy, Iar Ie - The “Nzyme diastase present in malt bY rwh[ch
SECTets twg gp, LS. Further actlon Is carried out by Y¢&° o
Zymase Whlchﬁynms Maltase; Converting maltosc into glucoa es”

Co -
182 verts Elucose into ethanol. Since CO2 ¢

Cparation of some drugs, dyes and perfum®

|



e form of bulibles so the process is called ferment

ation meanin
grnt!v bubbling or boiling. j g
Dfﬂﬂlasc
2{CH, O )4+ L
( il 0)4“‘20 In malt ;Clezzoll
Starch Mallose
Mallase
Ci2H3,0,; + H. \
12H2,011 + H,0 nyeast— 2C6 H}205
Glucosc
Zymasc g
CGleoB " In ycasl —}202H50H +2CO,
- Ethanol r
(b.p. 78.5 °C) |

[b)Formentation of molasses:-The thick dark brown coloured syrup

lelt alter isolation of crystalline canc sugar is treated with yeast which
contains enzyme sucrase which converts sugar in molasses to glucosc

and fructose, which further rcact with zymase present in the yeast.
The ferinentation glves ethanol.

Ci2H220,; + H0 ::‘:: » CgH 206 + CgH,206
Glucosc Fructose
CoHy, 06 :’ymt y2C,HgOH +2CO}
 Ethanol
(b.p. 78.5 °C)
Ethanol Is separated by distillation.

“Ulled spirit contains 92-95% ethanol by weight.

. Solute Aleohol is 99.9% pure which is obtained by absorblng water
rec

thed spirit with CaO and then distilling alcohol at 78 °C.,
kn urcd alcohol:- Ethanol 85%, water 11% and methanol 4%
0
Bcv:m 48 mcthylated spirit.

%;muésontam cthanol In varylng percentages.

ngﬂﬂmmu_gg_;-_ Ethyl alcohol Is a thin colourless liquid of
Cllic gravity 0.79 at 15 °C. It bolls at 78.5 °C at 1 atmosphecric

. 183



e form of bulibies so the process is called fermentation meaning
!:rn(](‘ bubbling or bolling.

oy i ; Dlaslase
2(CgH;y05) + H,0 immai— C12H220y,

Starch Mallose
Mallase
CioHs,0,, + H. 5
i H"‘O In yeast QCG HJZOB
Glucosec

Zynasce

CGH1206 " n )‘cﬂsl —} 2C2H50H + ZCO;

- - Ethanol r
(b.p. 78.5 °C) '

i

blFermentation of molasses:-The thiclk 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 glucosc

and fructose, which further rcact with zymase present in the yeast.
The fermentation glves ethanol.

Sucrasc
Ci2H220,, + HO— 5™ CgH 206 + CsH, 206
Glucose Fructose
Zymansc 1
CgH,,0¢ T >2CZHSOH +2CO,
" Ethanol
(b.p. 78.5 °C)

Ethang Is separated by distillation.
“Ulied spirit contains 92-95% ethanol by weight.

. Solute Alcohol 1s 99.9% pure which is obtained by absorblng water
rec

UWied spirit with CaO and then distilling alcohol at 78 *C.
M Ethanol 85%, water 11% and methanol 4%
0
Bcv;m 48 methylated spirit.

&Q;cagf;fontnm ethanol In varylng percentages.

%MQLQIQDQIUL‘&'- Ethyl alcohol Is a thin colourless liquid of
Celhie gravily 0.79 at 15 °C. It bolls at 78.5 °C at 1 atmospheric
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pressure. It solidifies at =112 °C. It 1s highly miscible with water. p,

structure resembles the structurc of H20.
Chemical Propertics:- .
(i) Oxidation to Acetaldehyde:: Ethanol is oxidised to acetaldely,
with Kz Crz Oz/conc. Hz S04,
Kg CI‘Q O
S (A OH+[O
CH,-CH, -0 [ ] H, SO,

Ethanol

7y CH, - CHO + H,0

Acelaldehyde
(Ethanal)

(i) Reaction with Halogen acid:- Ethanol (1° alcohol) reacts with
HCI in presence of ZnClyas catalyst to form ethyl chloride.

C,HgOH + HCl-—2<2_ C,H; - Cl+ H,0

Note: In this reaction alcohol loses its hydroxyl group.

(1ii) Reaction with sodium;:- Ethanol reacts with sodium metal. The
H-atom of hydroxyl group is replaced by sodium to produce sodium

cthoxide liberating hydrogen gas.
- +
C,HzOH + Na »C,Hs ONa+ 5 Hy

Ethoxide (C,H, 0) 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 cthanol loses hydrogen and
acetic acid loses hydroxide (OH).

e s e e —

C,HgOH + HB~ C~ CH,, —12504 —C,Hg - O— C= CH, + H;0
[

0 0
Elhyl acelale

[v] Dehydration of Ethanol;- Ethanol when heated with conc. 59+
loses water (H,0) forming ethene.

P'l H
| Conc. 11480
” T 2504
1= G- C- OHl——— " 1,C = CH, + H,0
oI Ethence

Elhanol



gther formation:- Ethanol in excess when treated with conc.
H2S04 at low temperature, yiclds cther in two steps:

CH, - CH, - OH + HO - 8O, - Ol (conc)————— CH, - CH, - OSO3H + H,0
ELhyl hydrogen sulphale

CH, - CH, - OSO;Hi + CHy - CH, -OH, yCH, - CH, - 0~ CH, - CHg +H,S0,
(Excess) Dielhylether

(vii) Reaction with PCla, PCls an 12:- Ethyl alcohol reacts with
acid chlorides like PCls, or PCls or SOCIz to produce cthyl chloride.

Elhylchloride
C,H,OH + PCl; ——— C;H5Cl + POCI, + HCL.

C,HzOH + SOCl, ——— C,HsCl+ SO, + HCL.

(viii) Dehydrogenation of ethanol:- Ethanol vapours lose hydrogen
(H,) to form acetaldehyde when passed over Cu-Ni couple.

Cu~NI
CH, - CH,OH —pggig— CHa - CHO + H,

P

8 of Ethanol;

(i) Ethanol Is used as a solven
substances such as gums, resin
(i) It is being extensively used in
this ethanol obtained by fermenta
(1) It 1s used as a raw material for th
compounds such as CHCls,cther and
used as base for perfumcs.

V) It is used for low temperaturc th
(v) Ethanol is uscd as an Inert solven
fecrystallisation of many organic compounds .

t. It dissolves a large variety of organic
s, tinctures and varnishes.

the form of different beverages. [For
tion of grains or fruit is used.

e preparation of other organic
esters. Deodorised ethanol is

ermometer and as fuel substitute.
t for certain organic reactions and
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9.2 PHENOL (CARBOLIC ACID CollsOH)

Phenols are aromatic compounds containing hydroxyl ¢ cup directly at.
tached to a aromatic ring of carbon atoms. They are classified as monohydric,
dihydric, trihydric phenols, etc., according to the number of hydroxyl groups present

on aromatic carbon ring.
OH OH OH
, . i)
W © (i1 @‘ OH ( OH
Phenol Resorcinol PYTPBan?l
(Monohydric) (Dihydric) (Trihydric)

Nomenclaturg:- Some well known nhienols have trivial names, eg, catechol,
Resorcinol, p—resol, elc. Substituted phenols are generally named as deriva-

tives of phenol. Position of substituents and -OH group aré indicated by number
of the carbon atoms to which they are attached. Number one is assigned to the
carbon bearing the ~OH group. For example:

OH OH QH
' é : 3 6 1 C]
1 "e o.i

(i) (i) : , (iii) : 3

4
Phenol C4H 2_ch]orophcn0l
(Commonly known p . l
as carbolic acid —cr:rsu
4-methylphenol
OH OH OH
o OH
i Q ()
OH
Catechol Resorcinol OH
Hydroquinoﬂc
OH
_ NO, g A, NO,
(vii) ' i
NO,
2,4 6-trinitrophenol

186 or Picric acid



compounds having -OH group linked to a naphthalene ring, are also
phenols but they are called naphthols:

OH
P AN 7 AN A OH
e 2
QQ. .00
5 4 5 q
1- Naphthol 2- naphthol
or or
a-naphthol p-naphthol

Methods of preparation.
() From chlorobenzene (Down's process):- Chlorobenzenc on heat-

Ing with 10% NaOH at 300°C and under 200 atmospheric pressure,

forms sodlum-phenoxide which on further heating with hydrochloric
acld gives phenol.

Cl Na
: " s00°C

+NaOH (IO%) 200 alm.pressurce 4 +HCl

Chlorobenzene Sodium plicnoxide
— +
Na H
J —
+HClI ~ +Na Cl

Phenol

%Mwmﬁt Benzene sulphonate is fused with

phhn:;%l: m hydroxide at 25°C in nickel crucible and gives sodium

Q,Na Na
+2NaOi,, O ek +Na,S0; + H,0

(fusion)

Sodium phenoxlde
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Sodium phenoxide on further treating with hydrochloric acig dlveg
phenol.

-t OH

Na

é 1 OT >@ + Na Cl
Phenol

Physical Propertics:- Phenol is colourless crystalline solid, 1t hys
peculiar odour. It is poisonous. Its melting point is 43°C and boiling

point is 182°C. It is miscible with waler above 68.5°C in all propor-
tons.

Chemical reactions:

(i) Reaction with sodium hydroxide:- Phenol is fairly acidic In

naturc and rcacts with strong basc like sodium hydroxide, yiclding
sodium phenoxide. '

- +

OF1 Na
@ + I:lao-l-l » +H,0

Phenol

Sodium phenoxide

(i) Reaction with zinc dust:- When vapours of phenol are passtd

over red hot zinc dust then it is reduced to benzene.
OH
|

//'\ d h
U +Zn-—_0 0t ﬁ@ +Zn0

Phenol (dust)

iii) Hydro ion (R tion with hydrogen gns]--}lydrﬂgcn

bubbled through phenol at 150°C and in presence of finely ¢
nickel, then cyclohexanol 1s obtained.

Benzene
wldcd

H OH
OH
H H
@4‘3}12 NI CH \ﬂ
150°C  * H
NH
Phenol H
H H
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{v] Halogen ion (Reaction with bromine water):- Phenol reacts
capldly with bromine waler and produces 2,4,6-tri bromo phenol..

OH OH
@ +3Br, B 5 Br@»Br +3HBr
Br
Phenol

2,4.6- Lri bromo phenol.
v) Nitration (a) Reaction with dilute Nitric acid:- Phenolon treating

with dilute nitric acld at 25°C, gives O-nilrophenol and P-nilrophenol
because hydroxyl (<OI1) group is ortho and para dirccling group.

OH OH OH
| |

2 @ +2HO.NO, 25°C ;@‘ NG, ©+2H20
Phenol O-nlitrophenol NO.

P-nllrophenol
[b) Reaction with cone. Nitric acid:- Phenol on heating with conc.

nitric acid, gives 2,4,6-trinitrophenol.
OH

OH
' NO,\ A NO,
@ +3HO.NO, Heat Q’ +3H,0
Phenol
NO,

2,4,6- tri nitrophenol.
r lphonation (R ion 1 .. When phenol is
a:f:itm With sulphuric acld, it gives relative proportion of both Ortho
lurepara Isomers of phenol sulphonic acid depending upon tempera-
@) o R

Sulphon ting at 15-20°C, it gives major ratio of ortho-phenol
c

acid,
OH OH

OH
|
2@ sQ.H
. +2HO.S()3H 15-20°C____, @r 3 + @ +2H,0

¢
no| (Mﬂjor p]’OdLlCU SOJI“

(Minor productl)
. 189



(b) On heatlng at 100° C, it gives major product of para-pheyg
sulphonic acid.

OH OH
OH : |
2 . SQ H ’
2 : ‘ +2HO.S50,H L L ? @ Q‘ L Y 1 +2H{J
Phenol (Minor producl) 503H
(Major producl)
Uses:

(i) It is used as antiseptic and disinfectant.

(i) It is used in manufacturing of soaps, plastics, disinfectant, sprays,
ointments, lozenges, gargles elc.

(i) It is uscd 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 Cp, Hansg O,which is the
same as that for monohydric alcohols and since their general structure s
R-O-R, they may be regarded as alkyl oxides or the anhydride of alcohoks.

R— O/H"
’: \‘ -HQO
i li R—O R
R—'O H/ Ether

2- molecules of alcohol

. caud 109

If the two al!cyl groups in an ether are same. The ether 1S said 133:
>ymmetrical or simple, e.g., C,H,-O-C,H,. When the two alkyl groaéPH

different, the ether i said to be unsymmetrical or mixed, e.g.. CH; ™7 '

1. Ethers are com
attach

’ |F§
157"
monly named by first taking the names of alky

®d 10 oxygen, followed by the class name ether.

cordj - glkat
Whi}ﬁtﬁordmg 1o LUP.A.C. system, the ethers are regarded 38 alk
aNydrogen atom is replaced by an alkoxy (-OR) group-

190 g

e8!




In mixed ethers, the larger alkyl group is chosen as the alkane:

(a) ClI la -O-—CHJ (b) C]-[a___o__cz Ha
Dimethyl ether Ethyl methyl ether
or or
Methoxymethune Methoxyethane
(¢) GH,-O-C,H, (d )CH,-O-CH,-CH,-CH,
Diethyl ether Methyl propyl ether
or or
Ethoxyethane Methoxypropane
] 1
(lfH3 (]JH_1
32 2
(e) CH,-CH-O-CH, (f)C, H,-O-C-CH,
I
Isopropyl methyl ether CH,
or Ethyl ter-butyl ether
2-methoxy propane or

2-methyl-2—ethoxypropane

DIETHYL ETHER

Methods of preparation:—
(i)From cthylalcohol:- William Son prepared diethyl etherfrom ethyl

alcohol called as William Son synthesis. He used sodium metal and
Sulphuric acid.

From cthyl glcohol using sodium I:- |
(i) Ethyl alcohol on treating with metallic sodium, forms sodium
Cthoxidc,

2CH, - CH, - OH +2Na— -»2CH, - CH, - O.Na +1l,

Sodlum clhoxlde

i) Sodium ethoxide on further treating with cthyl bromide, forms

dleulyl cther,
/"\
C -7, >
Dicthyl ether
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(b) From ethyl alcohol using sulphuric acid:- Dicthyl ether "
prepared by reaction of ethyl alcohol with sulphuric acid.

. e d b . H
CH, - CHy | - OH |0- CH, - CH, 722245 CH, - CHy - 0~CH, = CH, s
Dlethyl ether

(ii) From ethyl chloride using silver oxlde;- Ethyl chloride on
heating with dry sllver oxide, produces dlethyl ether.

2CH3 = C }EQ—GT’*‘ }L gza e ) CH3 ~— CH: = O- CH2 - CH:] + 2AgCl
Elhyl chloride Dlethyl ether

Physical properties:—It is colourless liquid. 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 contalning oxygen.
Chemicalreactions:- Diethyl ether is rclatively un-reactive because
of greater stability,

1.Oxygen of dicthyl etherposscssestwo electron pairfree (un—sharedl

which react with strong acid like hydrogen lodlde to form oxonium jon
by accepling proton.

5 + (".-_ i P -I-
C;Hg=0-C,Hg + H- | »C,Hs— O - CHs t

H

Oxonlum lon

: n
1{odlde ion (I') being strong nucleophile reacts with oxonlum ¥

| en
Eéﬂf“g ethyl alcohol and ethyl iodide by breaking carbon-ox)'g

» CoHsOH # C,Hs

T -
C2H5"' ? - CQ'HS + 1
H

Et'hyl alCOhQI
Same congjyy

. under
thus formed further reacts with hydrogen lodid®

ons and forms more ethyl lodide.
C,H OH + HI » C,Hgl+H,0

Qxonium jop;.

three other ato

Example:

ith
Wh ded¥'’"

en oxygen is positively charged and IS b‘:gum joft -
mSs or group of atoms then It is called 0X0

R-??- R, H- ﬁ‘;- H, H;O
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scs:
. [t is uscd as solvent for lacts, 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
acsthetic. It is used In manufacturc of smokeless powder and
srtificial 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= O), they are also known as carbony]

o available valencies of the carbonyl

compounds. In aldehydes one of the tw
p., whereas

carbon is satisfied by a hydrogen atom and the other by a alkyl grou
in ketones both the valances are satisfied by alkyl groups.

R R

S s i W

H/ / R/
Ketone

Aldehyde Carbonyl group

In aldehydes the functional group is -CHO (.H>C =O) and in ketones

the functional group is >c=0.

Al common names of aldehydes ar¢ derived from the name of carboxylic
ffix-ic acid is replaced by-aldehyde:

acig
Sthat they form on oxidation. The su

(0]  _ HCOOH

M Hc
HO
Formic Acid

Formaldehyde

[0] . CH,COOH
Acetic Acid

W cHcHo

Acetaldehyde
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o] ‘
(i) CHy-CH;-CHO — =L CH, CH, cooy

Propionaldehiyde Propionic acid

The position of substituent is indicated by Greek letters, B,y
the @ —carbon being the one to which the -CHO group is attacheg.

§ v BAx
(1) -C C-C-C-CHO
(IZH3 (IIH3
(1)) CH,~-CH-CHO (i) CH,~CH-CH,-CHO
A T y T A =
a-methyl propion aldehyde p-methylbutyraldehyde

2 LU.PA.C. Names:- In this system aldehydes are named after the nant

of the corresponding alkane. The ending "—e" of alkane being replaced bysuft
— al. The longest carbon chain containing the ~CHO group is choscnasl!:
parent alkane. The positions of substituents are indicated by numbers of

carbon' atoms to which they are attached, and the carbon atom of the CH
group is given number one

= e B
(i) HCHO (i) CH,CHO (ifi) CH ~CH,-CHO
Methana| Ethanal Propanal
or qQr
F‘ormaldehydc Acetaldehyde
CH,
.5 43 2 | 4 3 2! !
(MCH,~(CH,),-CH,cHO ) CH,~CH, -CH-CHO
Pentanal or valeraldehyde 2-methylbutanal
CH

o 8l 3 2 1
™) CH,~CH-CH,~CH,-CHO
Lnnethylpcntanal

%

L Commnn N

aﬂ“’o[
en

el ames:> Simple ketones are usually named after lt(hctorl“
alkyl groups attached to the carbonyl group, followed by the word
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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

rcplaf:ing —e of the parent alkane with suffix —one. The position of substituents
is indicated by numbers of the carbon atoms to which they are attached and the

carbon of carbonyl group is given the lowest possible number:

O O
42l s s 3 I,
(i) CH,-C-CH, (ii) 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,
J

1 2 3 4 5 A 2l 3 5 6
(iii) CH,~-CO-CH,-CH,-CH, (iv) CH,-CH-CO-CH-CH,-CH,
Methyl propy! ketone 2,4—dimethylhexan-3-one

or
pentan-2-one

CH,
6. 4 3 2 { N 5|_é -é 2H -(!,‘H
() CH,~CH, -CO-CH, -CH, (vi) CH,-C-CH, -CO-CH, -CH,
Diethyl ketone CH,
Pen!ar?:}ogc 5,5-dimethylhexan — 3—one
O
Il
H- C-H)

R

*XM ALDE YD, (METHANAL ,
€ [r;dﬁthanaj Is commonly available

WldelrSt and the most important mem

Y used in synthctc Industry.

as a 40% aqucous solution. It

X ber of aldehyde series which

Is
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thods of preparation:=
EII-QBV thg_dchxdrogcnation of methyl alcohol:- On large Bl

methanal is obtained Dy passing a mixture of methanol (CHs-0p)
vapours and air over heated catalyst . In this reaction methanol Jggp,
hydrogen to produce methanal i.e. Formaldehyde. Formaldehyqe

absorbed in water to get ils aqucous solution.

H i
| 1
CuO+M_O
H= C= OH—gg———H-C = Q4+ Hy,
| Formaldehyde
H
Methanol

2. By thc oxidation of methyl alcohol:- Methyl alcohol s 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
I\ H
e K2Cr207 /Conc.HSO
H-C-O[ H ]+[0] 2 JH-C=0+H0
l Formaldehyde
H
Methanol
formic acid, a5 dation continues then methanal further oxldised
I
| (I)H
Mol o O+ [O] K2Cr207/Conc.H2304_} b O = 0

Meth
anal Formic acld d

(Mcthanolc ac

196




By dry distillation of calcium formate:- Calcium formate on dry
distillation, gives vapours of formaldehyde.

O
Il
H-C—0O O
\ Heallng I
Ca — H-C-H+CaCO,
/ Formaldehyde
H-C-0
I
O

Calclum formale

Propertics;

Physical pr rtics:-

) Formaldehyde is a gas at ordinary condition.

i) It may condense to liquid at-21°C

) It is readily soluble in water and the aqueous solution has
Penetrating suflocating odour.

iv) On Cvaporating aqueous solution,a crystalline solid known as
Para-lormaldehyde (HCHO)n H20 is obtained.

. emical properties:-

xidation ldehyde group:- Like all aldehydes, formaldehyde

PoSsesses active H-atom attached to carbonyl group which is easily

F’K‘:dlscd when formaldehyde s trcated with oxidising mixture
Cr207.+conc., H2S04 ) to form formic acid

i q
|
K2Crg07 /Conell2504 P
H-C=0+[0] yH= =~ 0N

Formlc acld

di f . \+6:—J
arigeg 1?1 arbonyl. >C=0:- The carbonyl bond ( C=0) is

ent all Carbonyl compounds and the addition 6f various
I8 op, Sacross the carbon — to-oxygen double bond of cabonyl group

“Clerised by active hydrogen.
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General reaction of this type may be representled as:

B
I
®)\o @0
\C'l 0+Af = =E=04
H/ \_/ |
H
Following are the addition recactions of methanal with some reagents.
(a) Addition of (HCN) hydrogen cyanide:- The addition rcaction Is
o ) Q
iniUated by nuclcophilic attack of CNat electrophilic C.
CN
o ,‘e @ (5] I
H—C-"‘-‘O‘:/H-CN yH- C -OH
| v |
H
= (Cyanohydrin)
additlon product
(b)_Addition of hydroxalamine (NHzQH):- Formaldehyde adds
hydroxalamine (NH20H) to form a stable product called "Oxime”.
kl
Hy |
[_/C=O+H2N.0H »H-C-OH
l
Formaldehye |
N- H
I
OH
" Unstable addition product
|
H-C-
CI: o HH-C- H +H0
]
N-—
I . N- OH :
Oxime (Formaldchyde am!®
OH
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ion Ihydrazine (HoN-NH- i- Fromaldehyde
adds phenyl hydrazine in normal manner to form stable product
called phenyl hydrazone.

OH
X |
H-C-H+H;N-NH-C.H, JH- ¢ -H
I
N- H
[
N-H
[
Ce Hs
(unstable addilion product)
OH
I
H_ C _ H Slowly }H"' C _ H +H20
l 1
N -H N
I 1
N -H N-H
| I
Ce¢ Hs CgHs
Phenyl hydrazone
1:- Formaldehyde adds alcohol (Ethyl alcohol).
12 the first stage hemiacctal Is formed and then In the second stage
Cetal”
is formed. -
O-¢
() C l I
H_ C -H+C2H5_06H+6 _?H_' C —OC:HS

+J

F
Ormaldehyde Ethyl alcohol |

H

Hemilacelal
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(ii)

I
|

sl
»H-C - OC,H+H,0

H- C -OC,Hg+C;Hs OH*
I I
H H

Acelal

3. Reaction with Fchling's solution:- When aldehydes are warmed

with Fehling's solution, red precipitaic of cuprous oxide (Cuz0) is
oblained.

0 0]
I

I
H-C-H+2Cu(OH), + NaOH Warm »H- C - ONa + Cu,0, +3H,0

Sodium formalc

n:- In absence of alpha-H, formaldehyde does
not undergo “aldol-condensation” however when formaldehyde I

treated with a strong alkall, it undergoes sclf oxidation-reduction
reaction in which

one lecul fi duced 10
methanol and the o molecule of formaldehyde is re

reacti ther is oxidized to formic acid. This self addition:
cuon is known ag Cannizzaro reaction.

H-CHO +H - CHO + NaOH

) §

»CH, — OH + HCOONa

. Reduction of Methanol Sodlum foan;'::"bc
methan °- a

added in the earbony] 1 to methanol:- Hydrogen may

eagent
Which liberateg nasce group of an aldehyde by using somc F

t hydrogen.
Whe Nt hydrog ter
or sodium ;nfgl;ﬁ:zlgslhyde is reacted with sodium amalgam andw? ]

0l
itis reduced by nascent hydrogen to metha”

o H

I |
"= C H o[H)Narcahson ,y_ oM

Formg| dehyde |
cthana))

H

Methy! alcohol
200 (Methanol)



pol iz Formaldehyde polymerises in the presence of
qilute HaS04. 0N heating to form a trimer known as meta formalde-

nyde which melts at 62°C,
H H
\/
C
([ 0 )
I Ollule 119804 / \
3 H-C-H , O O
Heal = | |
\ J H\ H
Formaldchyde H/C C<H
N/
O

meia [ormaldehyde

Z Reaction with Tollens reagent:- Tollens reagent {s ammonical
silver nitrate solution. Formaldehyde when reacted with Tollens
réagent 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 formic acld forming ammonlum formate.
Tollens reagent is preparcd by adding few drops of NaOH to
AgNo, solution to get white precipitates of AgOH. The white precipl-

'ales of AgOH are then dissolved by adding NH; or NH,OH.

AgNO, + NaOH ——— AgOH L +NaNO,

AgOH + 2NH,0H ———[Ag(NH,), |OH, +2H.0
Diamine siiver (1) hydroxide

Hh -_ e
CH0+2[AE(NH.),]OH s 32Ag L +HCOONH, +3NH, +H,0

Fo
Useg gp o o vde

1 Anof f°“naldchy de:

furonalaqumus solulion contaling 40% of formaldehyde knc:nu.rr:1 as
2y o 18 used as a preservative for blological spccimen and as

se
2 o 1€ and disinfectant
an.aldch}'de Is majnl); used to produce the following resins or
0 Ur::;c Plastieg;
Ormaldt‘-hyde by condensation of formaldehyde and urea.
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(1) Bakelite by condensation of formaldehyde and phenol.
(ili) Melamine.

3. It is used to prepare drying oils and dyes.

4. 1t Is used in silvering of mirrc;r. N———

5. It is used in the processing of ant-poiio .

6. With fuming nitric acid, formaldchyde Is converted into highly
explosive cyclonitc which was used in World War- 1. )
ACETONE. T

Itis basic member of Ketone. Its structural formulals CH, - C=CH,. lts

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 quantity. In diabclic mellitus, the quantity of acetone
Increases.

Methods of preparation:—

(i) By oxldation of secondary propyl alcohol:- Acentoneis prepared

by oxidation of secondary propyl alcohol with acidified potassium

dichromate solution. Due to oxidation, loss of two hydrogen atoms
take place,

OH

O
| K2Cr207 I
CHJ i CH:’ + [O] H2504(Conc.) }CH:’ il CH) * Hzo
l Acetonc
H
Scce. propyl alcohol
(2-propanol)

e
if) By pyrolysi Acetic acid:- When vapours of acetic acld
Passed over manganese dioxide at 500°C, it ylelds acctoneé.

(I:l) O
2CH; ~ C- OH — 23 il - C- CHy + 03+
LA Acctone
ii}) By di pr” ls
llation_of calcium acctate:- Industrially 2
prepared by dry distillation of calclum acetate.
CH, - COO 9
Ca Dry distillation sCH., - g_ CH:) +Ca CO’
CH,; - coo/ aﬁcctonc
Calclum acelate
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h v :
i) 1tis colourless, Inflammable liquid with peculiar smell.
(1j) Due to its characlerlstic smell, it can be Identified.
(iil) It Is miscible with alcohol. ether and water.
(iv) Its boiling point Is 56.5°C.
(v) Its specific gravity is 0.792 at 20°C.
ical 1 lons:-
i duction:= Acetone reduces to secondary propyl alcohol on

neating with hydrogen in presence of catalyst palladium.

W OH

|
l Pd. |

Acetonc Sec. propyl alcohol

(i) Oxidation;- Acetone oxidizes in presence of strong oxldizing agent
such as mixture of potassium dichromale and conc. sulphuric acid

and forms acetic acid.

O O
Il Il
K2Cri Oy
CHJ—C-CH3+4[O] H)S‘O‘ [COM] _}CH3_ C"'OH"I"COQ +H20
Acctonc Acctlc acld

(1)) Formation of iodoform:- Acetone on heating with iodine in

presence of sodium carbonate, forms yellow precipliates of lodoform.

0 0

I I
CH, - C - CHy + 31, + 2Na,CO; —— CHIy + CH; - C- ONa + 3Nal +2C0, +H,0
Acctone lodoform
Uses:

1tls used as solvent for acetylene, cellulose acctate, cellulose nitrate

?nd celluloid.
(:ﬂ)lftls used for storage of acetylene In solution form.
V) It ils used in preparation of lodoform. chloroform etc.
V) It lss used In preparation of artificial scent.

used as nall polish remover.

vi) |
nlbbt e’i used in preparation of smok

eless gun powder and synthetic
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9.5 CARBOXYLIC ACIDS

Organic compounds
carboxylic acids. The car
group:

(“3

_iciion| or -COH
Carbonyl  Hydroxyl

group  group

Carboxyl group

Compounds which have only one carboxyl group are calied mor}o’carboxylﬂif
acids, if there are two or three carboxyl groups in a molecule then itis calledﬁ
dicarboxylic or tricarboxylic acid. In this chapter only saturated monocarboxyiic

acids will be discussed.

which contain carboxyl group (-COOH) are ¢y,
boxyl group contains 2 carbonyl group and a hydrgy,

or —COOH

The saturated mono carboxylic acids are also refe rrcd.as ffmy acids, _duc fO
the fact that some higher members (e.g; palmitic and stearic acids) occur in fats.
Their general formula is C,, Hapy COOH or simply RCOOH.

1 -

1.Common Names:= The common names of monocarboxylic acids refer 0
their sources rather than to their chemieal structures, e.g., Formic acid was s
namedbecause it was first obtained by the distillation of ants; latin word for 315

is formica; Acetic acid is the chief constituent

which is acetum.

Table 9.1 Common Names Of some Carboxylic acid.

. . ; for
of vinegar, the Latn word 10

Structure

__..—/

Common name

svation
Occurrence and der?

HCOOH

Formic acid

CH,COOH

Acetic acid

CH,CH,COOH

e A

Propionic acig

(_'H__,(Cl-i:)?C(;_}(_)-l‘i

| —

- CH,(CH,),COOH

CH,(CH,),COOH

e ———

——

Butyric acig

—

Valeric acid

Caproic acig
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——

a)
- w{‘i,_r
Vinegar (L. A€ __~

———

cheed

e
Milk, butter and ¢ " at)
(Gr. Protos, First: P70~

wrum)
Butter (L. BUYT

—

— ket
Valcn:m root { o

to be strong’ —

~onel)
UUW
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iti f substituents are indj
The positions © ; re indicated by Greek letter .
gcarbon atom 15 the one linked to the carboxyl group: sa, By, 8 etc:

s v B a
L-C- C - C-COOH

y B a (,)H
(a) CH,—CHZ—CEH-COOIFI (b) EI-I,{H_C()OH
CH, a- hydroxypropionic acid

o— methylbutyric acid
) Y 5] a
(c) CH,-CHI-CEH— (':H-COOH
CH, CH,
a, f dimethylvaleric acid or 2,3 — dimethyl pentanoic acid

I LUPA.C, Names:~ The TUPAC names follow the usual pattern. The
ongest continuous carbon :cham containing the carboxyl group is considered the
parent alkane, and the acid is named by replacing — e of the corresponding

dkane with - oic acid.

" '“]0 COl_nmon names and I.U.P.A.C. names of some of the common acids
¢ listed in table 9.2

o Table 9.2 Names of some Carboxylic acid

&Cturc

Common Name

IUPAC Name

Formic acid

Methanoic acid

Acetic acid

Ethanoic acid

Propionic acid

Propanoic acid

Butanoic acid

C};::;C:{\;Cs:‘l Butyric acid
i . .
.(CH:;COOH Valeric acid Pentanoic acid
.[CHJHC H Palmitic acid Hexadecanoic acid
1s~-O0H Stearic acid Octadecanoic acid

r
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The position of a substituent is indicated as usual by number of the Carbop
atom to which it is attached. The carbon atom of the carboxyl 8OUP is pivep

number one.

504 3 2 1
-C-C-C-C-COOH

CH, CH,
4 3l 2 1 5 4l s 2 1
(a) CH,-CH-CH,-COOH (b) CH,—(E—CH,—C’H, -COOH
CH,
3-methylbutanoic acid 4,4—dimethylpentanoic acid
Br Cl

3 20 4 31 2 1
(c) 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).

Acetlic acid is the main consttuent of vinegar (acetum meaning
vinegar) hence the name.

Commercial Production;-

m ligneous Acid:- The brown aqucous distillate obtaincd
during destructive distillation of wood was the chief source of acc.uc
acld. This liquid which is called pyroligneous acid contains acetic acid
acctone and mchyl alcohol is subjected to fractional distillation t
collect acetic acid.,

2. From Ethyne:- These days acetic acid is produced by the oxjdatlm;
of acetaldehyde which s obtained by passing acetylene (clh}’ﬂcS
through dilute H, SO, solution contalning some Hg S0,which acts?
a catalyst.

B ’ du 112504/"3804
HC = CH + H- OH . — H,C = CH(OH)

Viny! alcohol

I—IZC _ CH(OH) Molecular rearmngement }CI'I3 _ CHO

j)
Acelaldchyde (clhann

MA



The oxidationof acctaldehydeis carried out with K2 Crz Oz/conc. H SO4.
Kg Cr2 O?
CHyCHO +[O] (H, 50, concy — CH3COOH

Acellc acid
rrom cthyl alcohol:- The oxidation of ¢ thyl alcohol with K3 Cr; O7/
conc. H2 S04 gives acetaldehyde which is oxidised to acetic acid.

H - O

0
| Ko, C Il
2 Cr2 O7/H; SO4(Cone.)
H:]C = C - I-I + [O] Heat 4 Hsc“ C + H’O
| [
H H
O O
I Il
K2 Cr; O /Hg S04(Conc.)
HiC- C +[O] »H,C- C
| |
H OH
Accllc acld

Acclaldchyde

lcal properties:- The common acetic acid is a colourless volatile
lquid having sharp vinegar smell and a sour taste. An hydrous acetic
d is a crystalline hygroscopic solid. It freezes like glassy mass
ence is called glacial acetic acid. It is miscible with water, alcohol and

"ier. The acetic anhydride has formula:

CH,CO,
O which is highly hygroscopic
CH3CO/

, roperties:
snli“’zllc acid ag la monobasic weak acid:- It foniscs In aqueous
Stany 0? Producing gne proton(H?) per molecule.The ionisation con-
Weg) . Clc acid §s [Ka = 1.7 x 10~° which means that it is a very
Woy lﬁgobaslc acid as compared to mineral acids for which Ka is

Order but acetic acid is a stronger acid than carbonic acid

h



for which Ka = 4.3x10~7. It ncutraliscs alkalles forming salts which
are called acetates.

CH,COOH + NaOH » CH,COONa + H,0
Sodium acelale

2CH,COOH + PbO »(CH,COO0),Pb +H,0
Lead acetale

9. Esterification:- Like all carboxylic acids, acetic acid reacts with
an alcohol to form a compound called ester. This reaction Is
called csteriflcation.

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. H2SOs.

O O
Il Il

HoSO4
Ethyl acetate

Heat

ion ofaci lide:- Acetic acid reacts with thionyl chloride
(SOCI,) or with phosphorus trihalide (PXs) or with phosphoru®

pentahalide (PXs) to form acid halide such as acetyl chloride o acety
bromide

0
i ﬁ

CH, ~ C- OH +SOCl, \CH, - G C1+503 +H®
Acelyl chloride

O 0
I T
O 0
| 1 T +H5‘
CH, - C—-0H+p13r5 )CH, - C- Br + POBr3

Acelyl bromide


Rectangle


The acid halides are important compounds to be used for the
nthesis of other compounds For example:
E; .Acetamide” is produced by the action of arnmonia (NHs) on acety]
chloﬂdc'

0 O
I |

Acelamide
(Ethanamide)

(i) Acetic anhydride is obtained by reacting acelyl chloride with
sodium acetate.

l 0

Il
I
| o 2 G, - C
W = \
CH,-C-0O|Na+Cl|- *C-CH,4 > /O+NaCl
Sodl | chlorid
um acelale Acelyl chlorlde CH,-C
I
O
Acelic anhydride

- WEsteris obtained by reacting acetyl chlorlde with sodium cthoxide.

T
CH,ONa+ Cl-*C-CH, ;Cszg;yFa;c?ais + NacCl

| ?*MHJ&L[Q&.; When sodium acetate is hcated with sodalime,

l;lg sone C-atom from the chain as COz2 which is absorbed by NaOH,

“Uve ingredient of sodalime(CaO+NaOH)

Ugg, “H4COONa + NaoH €0 ,CH, +Na,CO;,

O O
!

Us&degc acld, glacial acetic acid and acetic anhydride are commonly
8
) 4, aboratory reagents.

Eﬁfhs €acld 15 used ag solvent for phosphorus, sulphur, gums and
)1t 1

. Widely used [n artificial leather produclon.
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(iv) Acctic acld Is used to prepare acclates, esters and celluloscaceta{e

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:

; ?
] ' +
RC-0f — ROR__ g CoR + H@
Carboxylic acid Ester

The general formula of esters is C,H, O, orsimply R-COOR.

Nomenclature:= Esters are named as the alkyl derivatives of acids. Th;
name of the atkyl group replacing the hydrogen atom of the ~COOH 8“3]‘4:: y
first taken, followed by the name of the acid and the suffix -ic acid is repla
by - ate:

(a) HCOOCH, (b)CH,COOC,H, (C) CH,-CH,COOC,H,

Methyl formate Ethyl acetate Ethyl propionate
or or or "
methylmcthanoate cthylethanoate ethyl propanoa

(d) CH,~COO(CH, ), CH, (¢) CH,-CH,COOCH(CH,

n-butyl acetate Isopropyl propionate
or or
butylcthanoate isopropyl propanoat¢
LTHYL ACETATE " fogz
IUsan ester and Is derlvative of carboxyl grouP: ™ %y oq it

alom (H) of ¢

] groUP,
esler,

arboxyllc group is replaccd by alky

O

ltS SUUClural formula Is R - lcl:_ O-R’
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g and R are alkyl groups whijch may be same or different . The
(ructural formula of ethyl acetate is o)

!
CH,-C-0- C,Hy
gy reaction of lc acid and ethyl alcohol;- When acelic acld

is treated with cthyl alcohol i1 presence of conc. sul phuric acid then
_ cthyl acctate Is formed by removal of water. |

ﬁ @

: H,>S0, (Conc [l

' CH,- C-O[H+HO| C,H; < > CH;- C-0-C,H, + H,0
Acetic acid Ethyl alcohol

Physical rti

- (i) It is a liquid having pleasant fruity smecll.

(i) Its melting point is 77°C.

(i Its specific gravily is 0.9 at 20°C.,

(iv) It is less soluble in water but more soluble in alcohol and ether.

Chemical reactions:

() Hydrolysis in acidic medium;- Ethyl acetate hydrolyses in acidic

medium forming acctic acid and ethyl alcohol.

i 1
Il H, SO, (di)
CH;-C-0 CH, + H.OH = : > CH,-C-OH +C,Hs OH
Ethyl acetale Acellc acld Elhyl
alcohol

N‘H lysis in basic medium:- Ethyl acetate on treating with 10%

30H solution, forms sodium acetate and cthyl alcohol.

0 O
T N . - OH
Lh;l,l -0 csz + NaO H(10%) < CHa—C— ONa + C: Hg
Yl acetaye Sodium acelate  Ethyl
alcohol
Ules

tis
gy o 2 Uquid with pleasant smcll.

0
g 1 igcms In pine apple.
TeSlng Used gg good solvent for paints, varnishes, oils, fats, gums,



(iv) It is used as plasticiser l.c. reduces brittleness ang 1mDr0veS
elasticity of plastics.

(v) It is used for preparation of artificial flavours and €Ssences.

ASSIGNMENT

1. What do you mean by mono, di and trih

ydric alcohols? Give two examples of
each class.

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 formuia
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 (jx) 4-bromophenol (x) 2-4-6-tribromophenol
(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
(xviii) 2—methyl-2—methoxy butane (xix) 3—ethoxy heptane
(xx) Pentan—p_ one (xxi) 4-5-dimethyl-3-heptanone

(i) Isobutyraldehyde (xxiii) 2- chloropropanal etos®
(xxiv) 1 "’

- buty
“br0m0-3—methyl hexan-2-one  (xxv) Methyl - ter w

: _—
2 chloropentanoic acid (xxvii) a8 -dimethyl butyne "
Govii) Valeric acid (xxix) 2-bromo-3-methyl hexanoic aci

(o) Isopropy) butanoate  (xxxi) Butyl propionate

(3xxii) Methy hexanoate
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4. Give the I.U.P.A.C. names of cach of the following, where possible, give also
(he cOMmMON NAMCS.

(i) (CH,),CH-CH,CH,OH  (ii) (CH,), CHOH
g
(iii) CH,-(%H-CEH—CH, (iv) CH,-CH—CH,—CHZ-CH-—CH,—CH,
OH OH
(v)(CH,),C-OCH,  (vi) C,H,~OCH(CH,),

(vii) CH,;-OCH,-CH, -CH, (viii) (CH,), C-O-CH,-CH,-CH,~CH,

CH, CH,

3

(Lx) CH,-CH - CH-CH,-CHO  (x) CH,CH,CH,CHO

Br
; | :
(xi) CH, _(r:-CHO (xii) CHS.(?H—CH, —CHO
CH, CH,
0O O

I I
(xiif) CH;‘C‘CH(CHa )z (xiv) (CH,)._,CH-C'C(CHJ;

[W) C ?Hh ,C3 Hﬁ OOH
"\~CH-CO-CH_CH,-CH, (xi) CH,~CH=GE-L

CH, CH,



Br
l
(xvii) CH;C{H—CH,—COOH (xviil) Br-—(%‘—COOH

OH Br
(El (llH3
(xix) CHa—-(l}-—CH2 —CH.: COOH (XX) &g -CH—-CH,, -COOH
CH,
' O

| [
(xxi) CH,-CH, .COOCH,CH, (xxii) C,H,-C-OCH,

O
I
(xxiii) CHI‘-C—OCH(CH3 ), (wiv) CH,CH, CH,-CH,-COOC(CH,),



CHAPTER 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 nucleic acids are transformed into one
another by the cell itself in order to maintain its organized structure and
activities.

The biochemistry is a new science in comparison to other p}prsiaﬂ sciences
end the reason of its Jate development was mphhlicat.tsi techniques and con-
Cepts needed to study the structure and function of a living system.

102FOOD AND NUTRITION

i ition 1 i ' ich deals
: lmm-d-lﬁmm- Food and Nutrition is a field gf.blochcnusuy whlc}}
“ith the nutrient and caloric requirement of the living body. It deals with the

effecton growth and metaboli vi tem arisingﬁomthcimbalanccd
- olism of the living sys .

2L For instance th;n sctatistical survey data of food and nutriton _showcd that
30% of Population was suffering from the discases of malnutrition ( Faulty

Wtition). pjg ' d crocked teeth, bone deformationlack of
Mmeny o1 Seases like decayed and et f the unbalanced food
and g‘ilcilcrtncss and under weight werc real outcome of the

@) Cliiﬂﬂgﬂmc The food is required by the body 10 achieve three purposes:
Encrgy (b) Growth and maintenance of ﬁ”uc‘r'. () F.lcgu lation of body pr
and for the sake of simplicity it is classified into six groups:

0 CabOhydratcs
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(ii) Lipids and fats
(iii) Proteins

(iv) Vitamins

(v)Minerals

(vi) Water

Elements Of Nutrition:= For healthy performance, each day the diet muys
supply the body with:

(a) Adequate calories (c) Mineral salts

(b) Vitamins (d) Water

Itbecomes 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 kilo

calorie is employed and is equal to amount of heat required to rais¢ the
temperature of 1 Kg of water by 1°C.

An energy requirement for a person of normal size and weight, w°]rokr1i2§
under moderate conditions of climate may vary around 2500-3000 castudy
depending upon the nature of job. Concentrated brain work, for examplc:

. - @ - ' rso
and office work require no additional calories. Comparatively young P
need more calories than the older ones.

The energy expenditures in some typical pursuits are given belo
Calories per hour): .

Walking at 3.75 Km p.h 140

Walking at 6,Km p.h 240

Sawing wooq 450

Masonry laboyr 270

Sweeping ang Cleaning 100

- Washing/Sewing 70

Concentrated brain work Nil
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almost all the physiological activities of the body are energy dependent and
s comes from the break down of carbohydrates, fats and proteins, the three
major putracnIs. Carbohydrates and tolesser extent fats are the cheaper sources
of the calorics than the proteins. I\_Icvcrth cless the proteins are primarily neces-
ary for the tissuc growth and repair but if;intake of other two sources of calories
are insufficient then the protein is also bumed 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
Fats give 9 calories per gram
Proteins give 4 calories per gram

(i) Carbohydrate fntake:~ 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) cereals or grains-wheat, maize,
nee, oats, barley, sorghum and millets. (ii) roots and tubers-Potatoes, swecl

potatoes, (iii) sugar, honey, beat roots, fruits and sugar—cane.

(if) Fat_Intake;~ Fats are important components of our diet, because these
not only 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
energy store in both animals and plants (seeds). The available fat sources also
Provide the fat soluble vitamins because most of their sources arc carrier of
Such vitamins,

Ihcminimum dai i iate fatsvaries from 15-25 g per
_ ily requirement of appropriate : .
d?)’dt‘-pcnding upon lg’c ir?takc of calories from other sources of diet. The level
% recommended fat can go up to 100 g/day, in casc when it is ingested for

Clorif;, Purposes,

H?u-’wer +35% of the total calories required p
™78 10% poly unsaturated fatry acids and 1

~Tallow, butter, (ii) vegetable
cotton seed, coconuts, soyb-

er day, are acquired from fats
0% saturated fatty acids.

Maj
Qe | OUrCes of Fats (i) Animal sources

"Oilsfrom | unflower,
0d mygiard. seeds of all kinds of s

(iif) ;
a ¢ E‘-Qld.n_[m;,_kh Normally, like carbohydrates or fats, prolcins 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 o.f body growth
and repair of tissues than 10 supply calories. Because the protein of tissues js
constantly being broken down and synthesized, it is imperative 0 supply some
amount of protein in daily diet, so as to meel 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 hoth tryptophan 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-aclds which body cannot synthesize and
therefore are called essential amino-aclds, namely mcthionine, tryp-
tophan, thrconine, histidine, arginine, lcucine, 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%
(i) Fats 35%
(ili) Protelns 12%

The protelns 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 encrgy donor, that fat can not do so.

The energy deflclency is always accompanied by the symptoms
of proteins deflclency and results in certain ailment.

The maln sources of proleln arc ; (i) Meat (i1) Milk and €88 (i)

PUISCS, beans, peas. lcntﬂ (IV] Ed[ble sceds‘ nuts aﬂd Ou con
frults.

. . . s“y
(IV)‘iijﬂmngm!ss;: Vitamins are necessary food factors which 355 fvsa”"
mulant and unlike major nutrients such as carbohydrates,proteins, fats ¢ 43y
they are required only in small amounts in the range of milligram> pw thell

Chemically vitamins are organic in nature and are classified accord’®
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colubility as fat soluble vitamins such g

b as B-Complex and C A, D, E, K or water soluble vitamins
suc as .

Water soluble vitamins are more readji
are not stored in the body thus taken in
requirements are excreted and therefore |
On the other hand, fat soluble vitamins ar
the liver hence need not be take
the deficiency state. Repeated
causes severe toxic effects.

y absorbed than the fat soluble and

excessive amounts than the body
heir toxic effects are rarely known.
. ¢ stored in large amounts, mainly in
n daily. One large dose is sufficient to over come
Intake in excess amounts of fat soluble vitamins

For instance vitamin A is required for normal growth, for visior in dim light
and for keeping skin and the mucous linings of the body healthy. I it is taken as
litle 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 traces of all clcmcn!s- found' in its
surroundings, only 23 elements have been observed to be ess;nhal 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
have been shown to be required by all species. However, for instance H, C, N,
O,Na, K, Mg, Ca, S, P are of universal importance.

Bones and teeth require calcium and phosphorus. Iron is pick.ed up for the
Production of haemoglobin and cytochrome system of body. Iodine is needed

M thyroxine the hor i d. In other words mineral salts control
: 3 mone of thyroid gland. In 0
“d-base balance of the body,yand as cofactors of the many enzymes and thus

¢ the metabolic system.

activay
Eggs, meat, and cereals are common acid forming foods. Fruits, vegetables

?Sgdmilk are common base forming food. Sugar and fats are among neutral
S,

Ma“Y of these elements are usually found as ions, such as

2 - -
NG K Mg, po s I CaT, O, LN,
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The concentration of these ions present in body are Maintaineq with

ow limits and qmall variations resultin many abnormal hioh)gical

narr fUIlCti{)ng'

The minerals are useful to maintain pH, osmotic pressure ang act g ;
antagonists. Requirement of the minerals varies from 100 mg or more 4, af:j-
micro grams per day. The elements required in microgram, are 2 * Colt
Ni T, AT 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 énd
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 which s
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.

10.3 CARBOHYDRATES

General:- Carbohydrates are an important class of naturally UCCUP.
ring compounds which play an important role in our daily life. ’Iht:l)‘
were called carbohydrates because the early discovered ones Crfn
tained oxygen and hydrogen in the same proportion as in *«vatrﬁil’i;mn
could be represented by a general formula Cx (H,0) But thisde™
proved Lo be erroneous because: bohy”
(@) Some compounds, such as Rhamnose, are definitely Cajml”m
drates but their formulae do not conform to the genet
Cx (H20) . are 00
(b) Al cc);mpounds conforming to the formula CX [H{O]g ic ack
carbohydrates e.g. formaldehyde, HCHO,[=C.F,0l &! g Be
‘13“3 Coon, (= ¢, (11,0), | et.

oW a days preclse cfe[lnltjon of carbohydralcs, b "

L Jlude all polydric aldehydcs S}M

Lhcy arc C“’_hcr aldﬂh}'dc up

: or ketone having many -OH 61 nds
%MMMM‘DW
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G i
Wﬂm{ﬁmc Based on taste carbohydrates are

dasslﬂed as:
() Sugarsi= These carbohydrates are sweet, crystalline and water

oluble ¢.€: glucose, fructose, sucrose, etc.

i= These are tasteless, amorphous and insoluble in
water, €.8- starch, cellulose etc.
sugars can further be classified as.

ducing sugars:- These sugars reduce TOLLEN'S REAGENT and
rEHLING'S SOLUTION. They contain free aldehydic or ketonic group
dongwith hydroxyl (-OH) group on the carbon adjacent to these
groups, as shown below:

Ketonic group

I /6%
L) Ll
iy i Al =
\QH/ dchydic group \9]-1/

Examples of reducing sugars are: all monosaccharides (e.g. glucose,
fuctose etc.) and all oligosaccharide except sucrose.

0&}%@% These sugars do not reduce Tollen's reagent

kztl;‘ﬁhling's solution because they do not contain free aldehydic or
nic group with adjacent hydroxyl (-OH) group.

Ples are: One oligosaccharide (i.e. sucrose).

Al Polysaccharides (i.e. starch, cellulose etc.).
&ﬁ‘%ﬂt&mmmmmmz A more scientific

Uy Weation i based upon the number of carbon atoms ina molecule
| The, . € Number of simple sugar units present in their molecules.

Y ar
() Mgnssdl“dEd Into three major classes:
) Olfy accharideg

-y M?aacchaﬂdes
' n
“8ccharides (8imple Sugars).

: Latj
Th (Latin, Saceharum = Sugar)
| g Sl “Seare the carbohydratcsgvhich cannot be further hydrolysed

' pl
.‘ er Carbohydrate units. They contain 3 to 10 carbon atoms.
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Thosc containing aldehydlc group (-CHO) are calle

g ¢ called ALDOgEg
aining ketonic group (-c-) arc called KETOSES, 7
n atoms in their molecules is denotcd by prefizes B

thus glucosc, (GH, O, ) contains 6 C, and i3 3;

aldehyde so it 1S called Aldohexose whercas fructose. (G
contains 6 Cbut contains kctonic group hencc it Is called Ketohexase

s of Monosaccharidcs are:

and thosc cont
number of carbo
tetr, pent, hex cle.:

Examplc
CHO CHO CHO (IZH:OH
| | | |
CHOH (CHOH), (CHOH) , ([:O
CH,OH CH,OH CH,OH (CHOH),
|
CH,0H
GLYCERALDEHYDE THREOSE GLUCOSE FRUCTOSE
(AldoLriose) (Aldotetrose) (Aldehcxosc) (Ketohesose!
Hexoses arc very Important monosaccharides: of these &0
anding. o

fructose. mannose, galactose arc outst
Glucose also called Dextrose, is found in
open chain structure as well as closed ch
All those sugars In which hydroxyl (-OH)
carbon (i.e. C-atom farthest removed from ¢
hand side are called D-sugars, and when h .
left hand sicle are called L-sugars,
Naturally occurring glucosc is D—gl |
plane of polarized right to the right.
rotatory. A symbol (+) is used for this purpo
p(*) glucose Is shown below. It also exists as (wo is

';Lru.cmres which inter-convert intoonc another via 0}
ils property Is called mutarotation. H) 810
C No I’l;lic.closctl chain structure, In which hydroxy! ) :1-1-?1_““:‘\'
: on right hand side, ILis called a-1somer «
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LOH) group on C No.1 is on left hand side, it is called B-Isomer,

H OH B-form
FI O
Niat 1 H
IC \ // O »
I ? ,f
B -
H- ‘C - OH - ¢ - on H - ‘c - oH
I
HO- C - H HO - C - HO
HO- ‘¢ - H O=— | IC .
=
| H - _(E - OH H - ‘IC - OH
a-'c -on| [CZCIIoA  om - e—
| I
H- 5C CH, OH D-conliguration ‘CH, OH
| D(+) Glucose B.D(+) Glucose
°CH, OH

oD (+) Glucose

Closed chain forms of glucose are also represcnted in hexagonal forms
“lled PYRANOSE STRUCTURES as shown below:

G
CH.OU
B e H H
{1V I O 4
OH H ; o - [orm
mﬂa | (oH ou I’
L on M1 OH

% D(+)gluco3c B, D(+)glucosc

P
nlcto
the , °C a ketohcxosc is also called LEVULOSE because it rotates

Pl
e of Polarized light to the left. A symbol () is used for this
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purpose; l.e. it

S LEVOROTATORY. It is simplest of aJ] gy,

8ars, |y,

structures are shown below. Its ring structure is called FURA,
8¢

structure.

CH,OH
!
c=0

B - fom

| CH.OH
ol 10 @

H- (lj -OH < H OH
H
[H=_C-OHIN | [ CHo
(llH,OH D—configuration OH H
D(-) Fructose (open chaln structure) B,D(-) Fructose (furanose slruclurd

Galactose, an aldohexose, not found in free state, is a part of mik
sugar (lactose). It has same structure as that of glucose except et

configuration at C No. 4 is reverse.

CH,OH
OHHQ

H
o
OH H \{. a—form
i
H OH

H

o,D(+)

(2) Oligosaccharides:;- These are the carbohydrates
drolysis produce 2 to 10 monosaccharide units.

rides, disaccharides are most important. A disacch
the joining of two monosaccharide units. Thus
condensation product of glucose and frustose.
Maltose is obtained by the combination of two
Lactose (milk sugar) is composed of glucos® and

g]uco

t Sucrose is formed when o-glucose and P-4
ogether through GLYCOSIDIC LINKAGE- A glywse
one in which a carbon atom is _lOlDed to two

whic

se unl b

o Uk

ato




gngle bond 1.¢. O -C~-0-). It differs from ETHER LINKAGE

, ~_) in that,
(-(-0-C-) In that, in the latter, oxygen i Joined to two C-atoms).

|
is the char
GI}'CDSWIC linkage acteristic of oligo- and poly-
as It joins two or more GLYCOSIDES j ¢ cyclic stnfctgr:: echarides

in sucrose C-1 of glucose unit is Joined to C-2 of f;
e linkage 15 also called 1,2 Glyconts. anngc.mcwse unit hence
structures of Sucrose, Maltose ang Lactose are given below:

o -gl
GCHZOH glucose unit
H H

5
4 O
‘Rou HY!
3
OH £
H OH

@B 1:2-glucosldic linkage

Sucrose
Glucose unit Glucose unit
a~form B—form
"CH,oH SCH,OH \/
H H H |, OH
5 o o
4 4 .
OH H )1 oH H
OH 3 2 3 2 H
H O H
OH OH
o B 1:4-glucosldic linkage
Maltose
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B-1:4-glucosldic linkage

B-lform of H
galaclosc
No4
OH
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.¢ of glucose at C No. 1 and of fructoseat
CNo. 2 have formed, 1:2 glycosldic linkage i.e the carbonyl groupsare |
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 they
form 1:4 glycosidic linkage. |

3] Polysaccharides:- These carbohydrates on hydrolysis produc®

more than 10 monosaccharide units. They are non-sugars ol

Phous and insoluble in water. They are of two types: lels

oL m ] Ides:- They are found in animlas. E:’mmsr:ur‘
YCOGEN. Glycogen Is the reserve of carbohydrate of animals. ¢

of
ring in muscles and liver. 1t |s called "animal starch". Itisd poly™”
of glucose. f

s 0
mﬂﬂwﬂmﬂqﬁt They are the reserve carbohyd™*

1
lﬁiﬁ anmples are starch and cellulose. (0%
sfound in cereals such as wheat, rice,barley eLc: f w0

such e
"~ pol > Dotatoes, sweet potatoes etc. Structurally it 1S mi
YSaccharides, 4 glchS‘

also "
e0

: l :
unkaglé.o-‘:e Inwhich o, D (4) glucose units are Joined by 1
226
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glucose units are joined by 1:4 as wel] g5 1.6 glycosidic linkage.

ul is found in the cell wajls of plants, hence it is main
siructural matcrial of plants.
s purest natural form {s cotton which contains 95% cellulose. It is
also abundant in wood, flase, linen, paper. Its molecule is made up of
about 2000 B-glucose units jointed by 1:4 linkage.

BIOLOGICAL IMPORTANCE OF CARBOHYDRATES.
1. Ribose, (CHO-(CH OH) ;- CH,0H) and deoxyribose which are
aldopentoses, play an important partin human metobolism, They are
found in nucleus of cells as RNA and DNA and are hereditory 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.

CeH;;0 +60, — 6 CO, + 6H,0 +2832 K.J.

() The body stores parl 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.

3. Cellulose is biologically important for animals. Humans cannot
digest cellulose because the enzymes required for their digestion are
"0t present in our digestive julces whereas they are present in those

?ranimals. Hence animals use cellulose of grass, plant, bark as their
ood,

104 AMING ACIDS

l)EFH\"TIQN:- Amino acids are organic compounds containing two

v x boxyl grou
(QQOOI_?JaJ groups, an amino group (-NHz) and a carboxyl group

H
Theg ;
lgy "aving amin (-NH,) group on alpha (&) C, are called a-amino

Q _
&t:lua: ha"‘“g amino (-NH,) group on beta (B) C, are called B-amino
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Those having amino

acids.
Examples are

éﬂz— COOH

NH,
Glycine

(-NH, group on gamma (y) C, are called y-amip,

B @
CH, (fH - COOH
NH,
Alanine

A complete list of amino acids is given in table 10.1

Table 10.1 : The structural Differences in Amino acids.

r Name of + 7P
b i Abbreviation Structure of R in HN-C-C-0 4
Glycine Gly. Non-polar e -H
Alanine Ala. R- -CH,
Valine Val. R- 'EH'CHa
( A) HS =
Leucine Leu. P 'CH{(l:H'CHa
CH) /
Isoleucine lle. B '?H'CH{CHI
CH; /
Methionine Met
: R- -CH -CH 'S'CH_S/
2 2
Phenylalanine P
he. R- @)
e /
Tyrosine Tyr R -CH —@y
4 - 2
Tryptophane Trp R 'Cﬂzw
» - -
|
M
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H B
r Abbreviati +
.Namel; e Structure of Rin H N-(l}-éo-d
'Uﬂlnoac 3 1
R
: o
PrOl.Lne Pro' R"' 0—C—CH—-CH3
Vo]
HN CH
2 2
W
CH,
(Complete structure)
Serine Ser. Polar R~ [ -CH,-OH
~CH-OH
Threonine Thr. R- |
CH,
Cysteine Cys. Group R- —CH?-S—H
(B) 0
i - I
Aspargine Asn. R —CcH, -C-N’Hz
O
i ]
i S R- —CH,~CH,-C-NH,
: Acidic L o]
art 1 ; :
Aspartic Acid Asp gr;:zp _cH, H
- 0
£k Acidic
Glutatmc Aad Giu. group .C.Hz —CHz _(I: _OH
R- -
'\\L
Basic [
Lysine Lys. g;m p -CH,-CH -CH,-CH,-NH,
\ -
Arginine Basic IEIH
Arg. B:fp (D)| -CH,~CH_-CH -NH-C-NH,
m Basic -CH{(I:-‘(I:H
His. group HN N
e %
\ ) ¢
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ESSENTIAL AMINO ACIDS:- These are the amino acids which canngt
be synthesized by our body but they are essential for growth of infap
and Transmission of impulses in the nervous system. Their defije

n
results in many diseases. They must be supplied to our body thrg Y

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. Thest
contain one basic amino (-NH;) group and one acidic (-~COOH) group.

Examples are:

1. Glycine NH;CH ;-COOH.

NH,
|

2. Alanine CH,- CH - COOH

NH,
CH,y |

3. Valine CH- CH - COOH

CH,/

NH,
|
4. Leucine (CHy), CH~ CH,- CH - COOH
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NH,

|
5. Isoleucine (CHy); CH- CH - CH - COOH etc
| .

CH,

ACIDIC AMINO ACIDS:-They exhibit acidic nature. They contain one

pasic amino (-NHyp) group and more than one acidic (-COOH) groups.
Examples are:

NH,
I
1. Aspartic acid COOH- CH -CH, -COOH elc.

2. Glutamic acid COOH - (ll'H ~ 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, N

I
1. Arginine COOH- CH -(CH,); - NH- C -NH, etc.

NH,
|
2. Lysine COOH- CH - (CH;); - NH;

JTOLAR NATURE OF AMINO ACIDS (ZWITTERION):-A dipolar,

thar
ged but tral ion Is called ZWITTERION.
. ) SIERGTIR BB s acidic i.e. ionizes to donate

0 acid oup |
Proge » carboxyl (-COOH) group
bep, n (H*)' whereas amino (-NHg) group with a lone pair of electrons

"“J:aves 48 proton acceptor i.e Lewis base. Hence amino acids exists
3 dipolar jon i.e. Zwitterion than in an unionized form.,
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_ - COOH R - CH- COOH
R (?H . | . |
NH, NH,

Neutral form Zwlllerion

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 (-COOH) 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
]

H,N-CH,-C-OH + H- NH-CH,-COOH —2

_8 :
HyN-CH, -|C- NH |- CH, - COOH +H,0

Peplide bond de
Protein is polypeptide i.e contains a large number of such peptl
linkages.

ROLE OF AMINO ACIDS IN HUMAN BODY:- When food contai®

proteln is taken, many enzymes act on protein and hydroly¢ le

completely into amino acids. After hydrolysis the blood recel"‘zﬂﬂ;s

ﬁl“"“nmti :cjds by absorption through the walls of intestine; and ¢ Jace:

(1) The a(;ilils where one of the following three things may takfnP

(2) Oxidati No acid may be synthesized back Into body proté™™

(3) If th °n may take place to provide energy. ay b¢
n carbohydrates or fats, body protel® ’;‘omd

transf € diet is low
Ormed
body necesasiitril::_eimer of these or used to make hormones

10.5 PROTEINS

if
€ Most im . .. 4 prot*
and withouy thatpl?frcl?;af the known components of living mattéf isaP

d not be possible.



coteins are 8 vast class of substances o _ '
poth structure and function. f almost unbelievable diversity in

only living beings can synthesize protei :

O o inslinhave been ymicsized n abaratoy, 4161 pacing up
Jot of labour in terms qf time and money. Proteins are madcrg' la?rl;tpltl'nmg he
inorganic s}:bstanccs like carbon dioxide, water, nitrates sulgh[;tcs Sanl;iomhthe
hates. Animals are unable to prepare proteins from i nor'ganic material tﬁefz-
fore they are dependent on plants or other animals for their source of die:

\ary proteins and do synthesize their own proteins from the simple or-
ganic molecules.

Other elements such as phosphorus, calcium and iron may be the essential
colnsutuenfs of thf some specialized proteins. e.g Casein, the main protein of
nilk contains calcium and phosphorus and haemoglobin is the iron containing

protein necessary for the process of transportation of oxygen in the body. The

elative high concentration of nitrogen in protein differentiate proteins from

fats or carbohydrates.

The molecular weight of the protein molecule varies from protein to protein
depending upon its source, and nature. For instance the molecular weight of
abumin obtained from egg is about 43000 and the molecular weight of the
serum albumin is 70,000 in general the molecular weight of proiein ranges in

between 34000-50,000,000 daltons, remember that 1 dalton = 1 a.m.u (ato-
idered as building units of proteins.

mic mass unit). Amino acids may be cons
When proteins are hydrolysed with dilute acids, a mixture of alpha amino-

acids is obtained.
ording to the recommendation of

.~ Proteins, acc
ological Chemists and American

j;iﬂtlcommittce of the American Society of Bi
hysiological Society, are classified as:-
oteins 3.Derived Proteins and each

: 1.Simple proteins 2. Conjugated Pr . : :
ofthese groups are subdivided into several classes on the basis of their physical
ad chemical properties, like solubility and heat coagulability.

hich on hydrolysis yield only

L. Simple Proteins:= All those proteins W .
called simple proteins. These are further

“Minoacids or their derivatives aré : T
fied according to their differences 11 solubility and coagulability. e.g

albupm;
n,
ater soluble proteins and may be

(2) Albymins;= These are ¥

Precipitated from solution by high concentration of Ammonivm sul-
Fhate. Coagulated by heat, examples are €gg albumin, serurn albumin,
actalbumin (milk albumin), and leucosin (wheat albumin).
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(b) Globulin:=The globulins are insoluble in water but soluble in (s

NaCl) dilute salt solution and are coagulated by heat. Insoluble in hj h%
concentrated solution at 30-50% saturation examples are egg, Blobgl-er
serum globulin, myosin (muscle globulin) and amandin (almonds)u "

© Eﬂllga-ql-fn:r:- Thase proteins are insoluble in neutral solution by
soluble in dilute acids and alkalis. Coagulated by heat, examples ar
giutenin 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),

(e) Albuminoids:= The albuminoids are insoluble proteins 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 composed of simple

proteins combined with non-proteinous substance. The non-proteinous sub-
stance is usually called prosthetic group €.g Haemoglobin, cytochromes,

lipoprotien.
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(a) Nucleo-proteins:=These proteins consist of basic proteins (Com-
posed of basic amino acidseg; lysine and arginine)associatedwith nucleic
acids. Theyare present in the nuclei of living cells and soluble inisotonic
salt solution. These in true sense are not conjugated proteins because
nucleic acids are not the prosthetic groups of the protein.

(b)Glyco- proteins:— Such proteins are in combination with car-
bohydrate moieteis, including hexoses, hexosamine, hexuronic acids. For
instance mucin in saliva and mucoids in tendon and cartilage.

(c) Phospho-proteins:— Proteins like casein from milk and vitellin i.tl
egg yolk, are examples of phospho-protein which contain phosphonic

acid in their structure.

(d) Chromo-proteins:=These proteins are coloured due 10 the
thetic group (non—protein group). For instance haemoglobin ¢on

. e H ins
haeme an iron containing protoporphyrin and :‘nclamn conta
carotenoid pigments in wool, feathers and skin proteins.

, . the
(¢) Lipo-proteinz;— Membrane proteins and adipose “”um and
lipoproteins chemically and are composed of lecithin, cep
cholesterol with simple proteins.

ir pros-



3. Derivedproteins: — As the name implies,
eptides and proteoses are not naturally occurrin
dered as protein derivatives obtained by action of enzymessi.e chemical ag-

ents and various physical methods applied on simple and conjugated proteins
which result in above substances of different sjzes,

the proteins like peptones,
g proteins and may be con-

The proteins can also be classified on the lines of their functions:

Table 10.2 Classification of proteins based on their functions.

r--;arrh-. of Protein Function Examples
Enzymes Biological catalyst Amylase, protease: e.g. pepsin
They eatalyze 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.
TfanSPGrt proteins Bind and transport Haemoglobin and albumins,
specific molecules in
blood, like oxygen an:
lipids
e ——
ReSPiratory protci_ns Hclp i the rcspiratoly HacmOgJOb?m CytOChIOIFc,
system. haemocyanin, myoglobin.
\_-\
HOI'Tnonc : Insulin and glycogen régu!atc glucose
s tabo- | Insulin ycogen, reg
chulaml:;;;f - and fat metabolism.
‘\\ :
Nracy; ;
ractile proteins | Perform contraction and Myosin
\ movement of the muscles.
A_nr s . " "
ibodijes Proteins formed in Globulins and y—globulins
response to antigens
e the foreign bodies.
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= The amino acids in proteln molegyle
are united through an acid-amide type bond, called peptide bond or pepiige

p P

linkage. The peptide bond is formed when the amino group attached tox—carh.
on of one amino acid gets linked covalently with the car.bo.xyl £Toup attae.
hed 10 &~ carbon of another amino acid through the elimination of water

molecule. This type of linkage is illustrated by the condensation of alanipe
and glycine molecules which give glycylalanine.

peptide linkage

Y e
TS T T ] ?H’
H-—(‘Z-C— OH+H|~N-C-COOH ~——+ H=C—C=— | -C-COOH+H,0
B I |
NH, H H NH, H H

Glycine Alanine Glycylalanine

Since glycylalanine is formed by joining of 2 molecules of amino acids
through 2 peptide bond 50 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 formedwouldhcﬂu'
ed polypeptide.

Polypeptide chains are unbranched chains and there maybe mgg.-:thanOPﬁ-
polypeptide chains in protein molecule e.g. insulin has two polypeptde &2 ¢
Each type of protein molecule has specific chemical composition mol¢?
weight and the sequential order of the smino-acids united together.

Molecular weight of water soluble Proteins is very high.
10.8 LIPIDS

L] urally
Generali- Liplds are fats and fat like substances. They & nat of

occurring group ol hetero with onty o1’
Property namely thety oo geneous compounds

jsa¥
ubllity in Bloor's Rcagmtwhld‘ of %
of solvent ether (f.e dicthyl e.tlt{cr) and cthyl alecohol In & :;tfl’ gnl”’w
carbon, hydrogen and oxygc:;n as th I s

trogen and phosphorus as wel'. 0
TYPES OF LIPIDS:- Bloor classified Uplds on the b2%°
struclurcs as:

(2) Simple Liptdg o) Compound llplds and (c) Sterolds
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 simple Lipids:=They include naturally occurring (1) Oils and fats

{2] WaXCS- .
ﬂlﬁuwd’ﬂﬁi Oils and fats are of either animal or vegetable
~ign. They provide energy for different metabollic activities. Chemi-

jy they arc triester of glycerol with fatty acids hence they are also
alled triglycerides or triacylglycerol.

Fatty acids are naturally occurring long chained saturated or
msaturated carboxylic aclds with 12 to 20 carbon atoms. They are
sbtained by the hydrolysis of oils or fats.

e main acids commonly forming oils and fats are:

ACIDS FORMULA NATURE

() Palmitic acid C,sH;,COOH Saturated

[ij) Stearic acid C,7H;sCOOH Saturated

i) Oleic acid Ci7H,3CO0OH Unsaturated (One
double bond)

M Linoleic acid C,,Hy COOH Unsaturated (Two
double bonds)

M Linolenic acid | C,H,JCOOH Unsaturated(Three

i double bonds)

Essential fatty acids are those fatty acids which our body can not
Imthesize so they must be taken as diet. All essential fatty acids are

(‘I’nsaturated ie

llLinolelc acld (G,H;,COOH)

L Unolenig aoigd (Ci7H24COQH)
Arachidonic acid (Cigth COOH): ete.

*lunctions of essential fatty acids are:
% prevent deposition of cholesterol in artries and veins.

b

Thn? help in reproductive functions and blood clotting.

g%ﬁ?: lency results in (a) loss of weight In children (b) development
"’lol:f © esters of glycerol with unsaturated fatty acids such as oleic,

¢
ar:n d linolenic acids.
atea”'ﬁ a:izters of glycerol with saturated fatty acids i.e palmitic and
S etc,
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The general formula for olls or fats l.c TRIGLYCERIDES |g

CH, -OCOR

I
CH=QCOR (Where R" and R™ are higher alkyl radicals,

| having same or different number of ¢ ~-atomg)
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
slmple triacyl glycerol, l.e

CH:‘O"E!‘*‘H@IOC"CHH:” CH2-OOC_ CISH.'H
| |

CH-0-H+HQOC-CisH;; ———— CH-00C-C,5H,, +3H,0
a |

CH; - 0~ H+HQOC- C;¢Hj, CH;-00C-CysHy,

Glycerol  Palmitic acld (3 molecules) Simple Glyceride (Tripalmitin)
(A wax)

When all the threc hydroxyl (~-OH) grou are esterifled by

different fatty acids, Xy ) groups of glycerol

the triester Is called mixed glyceride or miset
triacyl glycerol, examples are:

CH; ~00C~C,,H,,
!

CH—OOC-Cme
I

CHZ - OOC"' C!7H35

Oleo-palmilo-stearin

Anordinary oil or fat
glycerides,
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CH,-0CO- Cj7Hss

|
CH-0CO-C;sHy

|
CH, -~ 0CO- CsHal
Stearo-dipalmitin ¢d
Is amixture of more than one stmple®”



W il tse— C
piffe hemlcally 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) Oils 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 aclds.
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-drying oils contain negligible amount of glycerides of unsatur-
ated fatly aclds.

Rancidification of olls and fats:—When olls and fats are left exposcd
to warm, molst air for a long time, they glve off offensive odour and
become off-taste. This process Is called rancidification. RancldUlcation
Isdueto (1) hydrolysis of ester linkage to give original fatty acld of sour
taste, and (l1) Oxddation at double bond forming volatile aldehydes of
bad odour,

Saponification of olls and fats:= Hydrolysis of olls or fats on bolling
With a solution of strong allcall (NaOH, KOH) to form sodium or
Polassium-salt of long chaln fatty acld (SOAP) alongwith glyccrol, is
Cidlled saponification. It s the reverse process of esteriflcation of
Blycero],

I
CH,-0-C-R
o CH,-OH O
" | Il o0

CH -0-C-R + 3NaOH—— CH -OH + 3R- C -ORNa

: l Soap
I CH,~OH
5 CH,-0-C-R Glycerine
Tglyceride (oll or fal).
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Analysis of oils and fats:— Quality and purity of an oll or fat is jugq
by the following values: ged

(i) Acid value:= It is the number of milligram of KOH requireq t,
neutralize free acids in on¢ gram of oil or fat.
(i) Saponification value:- It is the number of milligram of Koy
required to complete saponify 1 gram of oil or fat.
(i1i) Iodine value:~Itis the number of grams of iodine absorbed by 100
gm. of oil.

(2) WAXES: Waxes are naturally occurring esters of long-chain
carboxylic acids (Geor greater) with long chain alcohols (G or greater).
They are low melting solids, having a waxy feeling. '
They are of two types:

(1) True Waxes:— These are simple lipids. Commonly found true waxes |
are:

(i) Bees wax C,.H,, - COO - C,H;,
(ii) Spermacetic C,.H,, - COO - CicHa

(from oll of sperm whale) : d
(i) Non-True Waxes:- They arc esters of cholesterol, vitami? Aand |
vitamin D. Waxes usually form protective covering in plant s:;
animals. They protect living organism against bacteria and “&fwn
(B)Complex Lipids;- These lipids arc also known as CONJU - oy
LIPIDS. These are esters of glycerol with two fatty acids (whiC ol
be saturated or unsaturated) and some other compou” sli: acld
carbohydrate, amino acid, amine derivative, Phosl:’hor
(, PQ,) residue, protein, ete: hate
Stinplest, complex lipid is PHOSPHOLIPID which 18 phosP

rivative of glycerol of gencral formula.

de

GH - OCOR
?H—OCOR
| 0
T
CH-0- P -OR"
!
OH
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Three major types of phosphollplds In human body are:
() LECITHINS (i) CEPHALINS (il1) SPHINGOMELINS.
structure of lecithin s shown bLelow:;

CH,~COO- Cj; Hy
|

; o
CHj~ O = P =~ O-CHg=CHy= [V CTHa

' s
OH {Hs
(Lecithin)

The carbohydrate derivatives of lipids are called GLYCOLIPIDS.

The protein derivatives of liplds are called LIPOPROTEINS.

Most important function of phospholiplds is participation In the
formation of cell membrane,

[c) Steroids:- Steroids are the non-sapontftable lipids which contain

the following ring system.
, CHs

CH
CHy
& CH,
OH

S!Um“- of the common sterolds are:
holesterol:~ It is the most common
animal tissucs, in the blood, brain an

N execss, it deposits In artcrles and restricts
altac,

sterold found virtually in all
d also spinal column. Where
blood flow causing heart

i . It Is a derivative of cholesterol. Its sodium salt Is
“und in bile. If {s an enzyme. It breaks down fats into fatty acids.

uuLm-i’-tﬁ.Lcm_q_:: This sterold controlls the sexual development

anq funcUonlng of body.
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10.7 ENZYMES

A class of proteins which catalyze all types of biochemical r
as digestion, respiration, muscular contraction and metabolism
the living organism, arc called enzymes.

Cactiop

s!
taking pe.

Placejy

Thesc Biological catalysis 40 not only accelerate the rat
also drive a reaction to completion which normally does n
temperature. For instance conversion of starch into g_lucose in the labOI'alO]'yig
only possible when it is boiled with hydrochloric acid solut

ion while enzyme,
‘amylase’ convert starch into glucose at room temperature without the help
acid or heating.

e of reaction,
Ot occur at 100m

Enzymes are only synthesized b

y the living cells and do not necessarily
require cells for their reactions.

Enzymes are catalysts because these modify the speed of a reaction and o

not appear as the part of a product. At the end of the reaction these a
regencrated unchanged and take part again and again.

A reaction before it can

i i be
proceed, requires some form of energy, it méy
heat which is provided from

: jvation.
the external sources, is called energy of activ
Enzymes lower the amount

e . the

of activation energy far more efficiently lh:: 2
'NOTganic catalysts and therefore, catalyze the reaction at lower temp
ature.

- ded 10
For example 18 K cal/mol of H,O, is the activation energy M

. 1awered
decompose H,0, into HO+ ¢ O, in absence of catalyst. This V.alue :sﬁ:: o
down 10 13 K cal/mol in presence of iron; and 12K cal/mol in pfjduc"ﬁ-" ot
platinum. Where ag eénzyme 'CATALASE’ obtained from liver, lro 0"
€Rergy 1o less than S K cal/mo) of H,0, and catalyses breakdow? =7
H O + O, atroom temperature, sis 0F*

All bio]qgical reactions are enzyme catalyzed even the biosy”

enzyme by living cel] js catalyzed by the enzyme. o V%

da cofa (¢
ome enzyme require g non—protein component callé

tic actiyi ly to the &2 e
YUC activity. Cofactors may be bound permanently g 4
prosthetic group) or

2 « .8 oen
may form transient associations €.g ¢

S
catal

ions. ] rcadi"ﬂj'
. cne

SCW‘T?! different €nzyme molecules catalyze the same c;llc’d

such families of Nzymes are called isoenzyme. ecul®® o
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Nomenclaturei= The substance on which the enzyme acts is called the
qubstrate of that enzyme. And enzymes, according to trivial nocmenclature
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 10 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 cnzyme 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.

ol O
H-C-OH ydrogenase _ ~_

e s CG0

Lactate Pyruvate

Qxidases:~ Enzymes that catalyze oxidation of their substrates.

Oxidases

HO

2 2

b-l"I’O +—;Oz

Hﬁwﬂam: Enzymes that catalyze the introduction of hydroxyl group

i a2
Do thejr substrates.

Carbonic
C.g (:C)2 + HOH - Hzcoa
hydroxy]ast

k 243




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 dehydrogenase
e.g CH,.CH,OH

Ethyl alcohol

> CH,.CHO + H,
Acetaldehyde

(2) Transferase:~ These enzymes catalyze the reaction of group transfer
from one substrate to another.

Carnitine acetyl |
c.g (i) Acetyl-COA + Carnitine transferase COA + Acetyl carmitiné

Aspartate mﬂw
(i1) L~Asparticacid + 2 oxoglutaric acid.

Oxaloacetate + Glutamic acid

(3) Hydrolases:~ These enzymes catalyze the hydrolytic reactio™

‘ Amylase
e.g (i) Amylose — HO » Glucose
s g Protease i y
(ii) Proteins b » Amino acids
+ Hp
(iii) Lipids :.;I%asc » Fatty acids + GlyccrOI
F ]
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(4) Lyases:= These enzymes catalyze the addition of groups to double bonds
or vice versa.

Threonine aldolase

¢.g (i) Threonine —= Glycine + Acetaldehyde
Acetoacetate d
(ii) Acetoacetate S Crranony e Acetone +CO,
S Aspartate ammoni
(iii) L-asparticacid sl S 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

' ion of two
(6) Ligases:= These enzymes catalyze the reaction of condensation o
molecules using energy derived from cleavage of other molecules such as ATP

(Adenosine triphosphate).

(Y3
Fyruvate mrboxylaS_e’ Oxaloacetate + ADP

()CH,.C0.CO0 + CO,+ATP

Acetyl - COA carboxylase \ ) 1. COA+ADP

(i) Acetyl - COA +CO, +ATP

.~ 1. Enzymes in water solution kept for along period

oftime loge their activity. 2-They become inactive by any treatment that coag -

Ulate th : , alts of heavy metalsand
: heat, alcohol, salts :
e o s A catil stop the activity of an enzyme i.c.

‘cel'ltr ! anic 3Cid wi
ath 50] 1 S }'
a.ll utions Of lﬂorg structure WOU]d also dcstro

0S¢ treatments which affect the protein

NZymatic activity,

the eThc €nzyme activity remains wit
yme. This active centre com

Ce

h the active centre in protein molecule of
bines with the substrate and starts the
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reaction, thatis catalyzed bythe 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 ts gy
enzyme to catalyze its change, therefore enzymes are supposed to be specifie

for a particular substrate. For example lipase will hydrolyse lipids and has no
effect 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 2activity and most of the cnzymes present in body show their optimum
(maximum) activity benween 37°-50°C, beyond this temperature enzymeslose
their activity permanently. However at lower temperature enzyme does lose s
activity and will resume its activity when its temperature is again raised.

2. pH: The hydrogen ion concentration also influences the rate of. catalytic
activity and therefore every enzyme has its own optimum pH at ‘:”hlfh 1hc_ic
show maximum activity. For example the optimum pH for pepsinis 1.6, 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 conceatré

tion, nature of the products formed, presence of certain fons, effectively oM
the speed of reaction.

10.8 VITAMINS

. , and

Vitamins, also called accessory food factors, are organic subStaﬂ::S 1y
quite different from carbohydrates, proteins and lipids, These 3¢

; ¢ ent’Bf
available to the body from the diet we take, for the purpose 10 regulat
transformation and metabolism.

form®d
Vitamins arc effective in very small amounts, and none of ‘hm:“ c_:,ourc%‘
in the body and must be obtained from animals of pias ed from ¥
However, the exceptions are there; for instance vitamin ‘AL !‘orflou i
pre-cursor carotene, vitamin ‘D’ by the action of ultra-violet };;B'h si'ntﬂaﬂ)'ﬁ
Thebacteriain the intestine synthesized folic acid and vitamun 5
can synthesize vitamin ‘C’ and therefore do not develop scurvy-
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vitamins are different from cach other in their chemical composition and
ganction and have been synthesized or isolated from their plant or animal

§OUrces.

Vitamins arc‘chcrfﬁcally gnstablc under adverse conditions of heat, light and
oxidation (cspcmally in alkaline medium) strong acids and aging hence they lose
heir activity.

Nomenclature:~ Vitamine, a word derived from (Vital + Amine): and since

all these substances were not amines, therefore Mecollum proposed termi -
nology vitamin by dropping (e) from vitamine.

Origi.nally. 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
Vitamin and are observed in the juices of fruits, their examples are ‘B’ complex

Vi[amj'ns and vitamin Vo
Vitamin — A (Retinol)

HC CHyH CH; H CH,

CH,

Vitam:
Sp(gc,-a::'ﬂ{- It is found in fats of milk, eggs and liver fat. Fish liver cils
Y eod liver oil is the chief source of vitamin ‘A’.
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ble oils and fats €.g olive oil, linseed oi|

Vitamin A is absent from vegetd
ne made from these oils is supplementeg

sunflower oil, ground nut oil. Margari
vitamin A during its manufacture.

curs in a precursor form as provitamin A. These

In plants vitamin A Oc _
precursors belong to 2 family of pigmented hydrocarbon called carotenes,

B-Carotene,the hydrocarbon is most active physiologically and two molecules
of vitamin A, inan alcohol form, are derived by cleavage of the hydrocarbon a

the central bond.

C H, +HO— 2C,, H,, OH

Carotenes are found in green vegetables and carrots. These are converted

to vitamin ‘A’ in the intestinal tract of animal.

A deficiency of vitamin ‘A’ causes night blindness in early stages

ultimately leads to xerophthalmia.

Daily requirement is around 1000 ..g of retinal.
The main function of vitamin ‘A’ is to form visual pigment. It transpor®

nutrients across the cell membrane.

D’ . bitie):= Chemically, vitamin ‘D
The active vitamin was proved to be calciferol which could be _fOfmF o T
provitamin ergosterol, a plant sterol, by the ultraviolet rays mdl;ich s
provitamin in animals was shown to be f_dehydrocholestero W

irradiation gave rise to vitamin D, .

HO HO Vita!ﬂi“ Ds

Calciferol ( Vitamin D;)




m vegetable oils and fats ¢.g olive oil, linseed o)

Vitamin A is absent fro .
|. Margarine made from these oils is supplementeg

sunflower oil, ground nut ol
vitamin A during its manufacture.

In plants vitamin A Occurs in a precursor form as provitamin A. These

precursors belong to a family of pigmcntcd hyfirocztrbon called carotenes,
B-Carotene,the hydrocarbon is most active physmloglcally and two molecules
of vitamin A, in an alcohol form, are derived by cleavage of the hydrocarbonat

the central bond.

-
c H,, +2H,0 2C, H,, OH

Carotenes are found in green vegetables and carrots. These are converted

to vitamin ‘A’in the intestinal tract of animal.

A deficiency of vitamin ¢A’ causes night blindness in ear
ultimately leads t0 xerophthalmia.

Daily requirement is around 1000 g of retinal.

ly stages and

The main function of vitamin ‘A’ is to form visual pigment. It transpo

nutrients across the cell membrane.

‘D’ i 110y, Chemically, vitamin ‘D p
The active vitamin was proved t0 be calciferol which could be f°”§.° on. T
provitamin ergosterol, a plant sterol, by the ultraviolet 12ys 1ra !;ich 30
provitamin in animals was shown to be f—dehydrocholestcrol. W
irradiation gave rise to vitamin D, .

HO HO Vimmiﬂ Ds

Calciferol ( Vitamin D3)




It is crystalline in nature and controls i '
hosphorus in lh_e body. If the diet does ngﬁcsxig;ll;b?}l&:%igmgﬁ]ciﬂg z:gg
depletion of calcium and phosphorus takes place. Deficiency of this vitamin
causes teeth qecay. softness of bones, continued deficiency leads to the disease
wown as "Rickets”. Because of this reason, this vitamin is known as "An-
iirachitic” vitamin. Rlcket§ generally occurs in the early stages of growth of a
¢hild. Excess amounts of vitamin D are also harmful and cause loss of appetite
thickening of bones and calcification of joints and soft tissues. '

Daily requirement of vitamin ‘D’ is 7.5 u g of calciferol. The main sources of
vitamin ‘D’ are fish oil, liver,

Yitamin 'E’ (Tocopherol):~ Like vitamin ‘A’ and ‘D’ vitamin E is soluble in
fat §olvept§ and insoluble in water. It is resistant to heat (upto 200°C) but fairly
easily oxidized and destroyed by ultraviolet rays,

CH,

o LCH. T CH. |
HC . i
0 CHR R=CH2-CHz-CltH-CHz-CHz-CH,-(IZH-CHz-CH,-CH,-?H
CH CH CH,

3 3 "

CH, L

- Tocopherol

The presence of all three methyl groups attached to the benzene ring is
lecessary for its full activity.
Dietary requirement per day is 10 mg.

: Vitamin E is found in green leafy vegetables, oils and wheat grains. It is
*Quired for the maintenance of cell membrane. It maintains normal physiology

0 llh!: Muscular and vascular system. Its deficiency causes fragility of red blood
“Haemolysis of R B.C. and declines in respiration.

alfa}immlﬂmwwﬂ: The vitamin isolated from

faang from putrefied fish meat is called vitamin“K".
o)

CH

0

Menadione
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Dietary requirement per day recommended is 70-140 ug. This coulq e

acquired from green vegetables.

thesis of prothrombin and other blood clotting factors in liver,

helpsthes :
e f blood clotting mechanism.

Its deficiency causes the failure 0

Vitamin ‘B’ Complex;= A group of water soluble vitamins obtained fron
liver, yeast and other sources are found effective for growth, and appetite,

reduce sugar content in diabetes, help in treatment of the various infectiong
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, : CHa
/ CH2 .,
N | N CH,- CHZ' OH
LU
H3C N

Thiariine

. Thiamine (B, ) is present is almost all types of food material but its wntclif
15 very small. It is abundant in liver, kidney, whole cereal grains, nuts, °gg£n¢
1

fruits and legumes. By improper cookin ings,
! ’ and washings,
present in these food material could be loit o0

. Vitamin B, is useful for growth, used as coenzyme in carbohydratc m;tﬂb"'
lism. Its deficiency leads to beri-beri, heart failure, and mental distur? oot

digestive disturbance, loss of weight e 1y requir®
' an n.Dai
recommended s 1.1 - 1.5 mg, ght and causes constipatio y
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Riboflavin (Vitamin B;) or Lactoflavin: Riboflavin is also called vitamin By,
has the following formula

CH, - CHOH -CH -OH -CHOH - CH,0H

N N
H,C S\ NH

SNAN/

O
Riboflavin (6:7 dimethyvl —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 pyridoxine and is wid-
ely distributed in all plants and animal tissues, cereal grains, wheat grains, milk

and eggs.
CH,OH

HO—7 - CH,OH
H,C \N
Pyridoxine

Itis required by the body for its metabolic activities in form of coenzymes

Ig’rﬁ’dm'rmacids. and fatty acid metabolism. Its deficiency causes skin disorders.
ally dose is 2.2 mg. It loses its activity in presence of sun light and air or heat.

Nicotinic acid (Niacin):= This compound is used as vitamin and is derived

fr =
om the pyridine,
7" \—COOH " O*CON H,
N N\
N N

Nicotinic Acid Nicotinamide
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Liver, meat, yeast and peanuts arc the good sources of nicotinic acid, | i
stable towards heat, light, acid and alkalis.

Its deficiency causes mental disturbances, diarrhoea, skin lesions pellagra
(gastro intestinal) disturbances.

Daily requirement of Nicotinic acid is suggested as 14-19 mg.

min rbic acid):= It is abundantly foundinmost of the fresh fruits
such as orange, lemon, grape fruits, straw berries and guava. In vegetables itis

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 lowers the body resistance to infection and causes
bleeding of teeth. Its deficiency in severe cases causes anaemia and scurvy.

Chemical formulais C H O
: § 86
Structure is as follows,

<::=o
B O = C.HO
C-OH 6 s Y
He
HO-C-H
CH,OH

Ascorbic acid

; : ) t sub-
Functions:- Itis essential to the formation of intracellular ?eme:glpsi“
stances in variety of tissues, including skin dentine and bone matrix.It j

g iae a
healing of wounds and fractures of bones prevents scurvy and facilitates
orptioh of iron.

10.9 DIGESTION OF FOOD

The food of animals and human consists of compleX orgsub'
substances such as carbohydrates, fats, proteins etc. that
stances as such cannot be absorbed by cells hence it is Uecessles intd
our body mechanism must change these complex molec!

simple absorbable form.
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ion;— It is thc 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 which is about 9 meter long. The digestion is extracellular within
the gut cavity and mainly is the enzymatic hydrolysis of food.

Different parts of alimentary 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 tecth 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%
watcr, a lubricant MUCIN and enzymes AMYLASE also called

PTYALIN.
The saliva performs the following functins:

(i) It lubricates the food.
(i) Its enzyme PTYALIN hydrolyses starch to maltose.

Starch Amylase | Maltose
nH = 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 mach (Gastric 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:

M 0.5 % Hey
W) Enzymes: (a) Inactive PEPSINOGEN which is

) Gastric LYPASE

:c] RENIN only in young children
Lig) Lubricant MUCIN, it lubricates gastric mucosa and prevents it

om corrosive action of HCL
253
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acid performs the following functions:
ry PH (1 to 2) for enzyme action. |
d Kkills bacterla present in food.
¢, PEPSINOGEN to its active form

Hydrochloric
(a) It provides necessa
(b) It acts as antiseptic an
(c)It changes inactive cnzym
PEPSIN.
(d) It dissolves col
molecules and malkes
pigestive acti n of ga
sucrose, no major diges

lagen, splits nucleoproteins and some other comp
€x

the food soft.
stric julce:= Except for a limited hydrolysis of

tion of carbohydrates takes place in stomach,
Enzyme lypase acts upon small amount of lipids to produce
saturated fatty acids and glycerine. Duc to low pH, lypasc cannot play

any important role in hydrolysis of fat.
Enzyme PEPSIN commences the breakdown of protein into

simple proteins i.c Proteoses and Peptones called Polypeptides.

Protein + H,0———t— Proleoses + Peptones|

RENIN is active in stomach of babies. It changes soluble milk
EIN which

protein CASEINOGEN into insoluble curd protein. CAS
form insoluble

then combines with calcium ion (Caz"‘] in milk to
rted to pPOLYPEF-

semisolid CALCIUM CASEINATE. It is then conve
TIDE by the action of pepsin.

CASEINOGEN .. . CASEIN ¢z
(Soluble) T T

. ':‘rk:e churning movements of the wall of st
Caﬂ:g . e food with gastric juice and changes it into a s¢€
HYME which gradually enters the duodenum. The ¢ C
periodically allowed to lecave the stom h by way of RIC SPHB‘
TER muscles. B

Digestion in small In ne; (I stinal di jonl= = tjo
in seat of 467

num is
. rﬂfl is the first part of small intestine. It is the m
ccelves three digestive juices:
{3] BILE from liver.
PANCREATIC JUICE from pancreas

(iif) SUCCUS ENTERICUS from the duodenum walls
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(I BILE:= Bile is an alkallne (pH 7 to 8) greenish fluld produced by

liver. Itcontains no cnzyme, The digestive components of bile are BILE

SALTS which contain (a) Sodium glycocholate (b) Sodium taurocholate

(c) NaH CQ,. Functions of bile are:

(a) It neutralizes the acldic chyme,

(b)  Itprovides alkaline medium for action of enzymes of pancreatic
juilce and succus entericus.

(c) It emulsifies the fats, oils, lipids changing them to numerous
small droplets thus providing large surface area for the action

of enzyme.lypase.

l REA E:= This julce contalns four cnzymes. Their

functions are as follows;

(a) Pancreatic amylasc:~ It completes the conversion of starch to

maltose,
Pancreatic lipasc:- It changes lipids to glycerol and fatty aclds.

[e) Trypsin:~Itis produced in an inactive form trypsinogen. It changes

peptones and proteoses Into smaller polypeptides.
(d) Peptidases:— It releases free amino acids from polypeptides.

(iil) Succus Entericus:— It contains following enzymes which com-

Plete the process of food digestion:
i :— It activates. trypsinogen and changes it to active

form trypsin,
[b) Erepsin:~ It changes remaining protelns (polypeptides and dipcp-

tides) to amino acids.
(c) Maltase;- It converts maltose to glucose.
uergse;~ It hydrolyses sucrose to glucose and fructose.
i~ It changes milk sugar lactose to glucose and galactose.

mﬂ&ﬁlﬂu:_—-]t converts DNA and RNA into phosphate, ribose sugar
And different nitrogen bases etc.
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10.10. ABSORPTION OR ASSIMILATION
After digestion, the water soluble sj

glucosc. [ructosc, fatty acids, amino acids glycerols cte pass through
the walls of small and large intestines intop]

: 0od. This process is called
absorption or assimilation,

Absorption in stomach:- Water,
minerals and certain drugs may b
and actlve transport Into cells ling

glucose, ethanol, certain
¢ absorbed by osmosis, diffusion
ng the stomach.

ng and rclaxing 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 surfacc of the EPITHELIUM, lining the small intestine has
flumerous micro villi which are able to engulf small food particles and
luid by a process called pinocystosis.

in large intecstinci:— 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.

Egestion Def: tion:-The unabsorbed substances are left in
e form of FAECES. Mucus containing the mucin is secreted by the
YAls of intestine to lubricate the faeces. Before the act of egestion, the
“*Ces 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. Illustrate the effects of unbalanced diet.

2. lllustrate 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 threc hexoses and one pentose that play important rolcs 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

(e) Peptide bond
(f) Essential amino acid.

(b) Conjugated proteins
(¢) 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 exampl¢ of
each:

(2) Simple lipids
(b) Compound lipids

(c) Sawrated and unsaturated fatty acids
(d) Wax

(e) Triacylglyceride
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13. Wite 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

(i1i1) 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 efiect of various factors which influence the rate of enzyme
action.

21. Name and c!assify the vitamins. Why should dietary intake of fat solubis
vitamins be carefully conirolled? '

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
(¢) Rickets

(d) Scurvy

(e) Pellagra

23. Describe fat process by
breakfast of half fried egg an

24. Why the excess food calories in the body are stored as body fat and not

which carbohydrates, proteins and fats taken at the
d toast are digested ana absorbed.

glycogen or proteins
25. Differentiate: (i) Gastric digestion and intestinal digestion. (ii) Pancreatic

juice and tile.
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(i1i) Phosphatic Fertilizers:— Such as super phosphate and triple phos-
phate. The raw material for these fertilizers is phosphate rock or phos-
phorite, [Ca, (PO, ),1,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 phOSphorite with sulphuric acid
in special chambers. Following reaction takes place:

Ca,(PO,), + 2H,S0, — Ca(H,FO,), + 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 chcr_m'cal fcrtiliz_c{, in al_] 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 1o meet the requirements of farmers and to maintain the
required reserve.
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(1ii) Phosphatic Fertilizers:= Such as super phosphate and triple phos-
phate. The raw material for these ferlilizers is phosphate rock or phos-
phorite, [Cu, (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 phosphorite with sulphuric acid
in special chambers. Following reaction takes place:

Ca:I(F'O‘)2 + 2H SO, — Ca(H,PQ,), + 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 s require-
ments of nitrogenous fertilizer but is exporting it as well. In 1983‘.841 itexported
345,000 metric tons of surplus urea and another 457,000 metric tons during

1984-8S.

Pakistan is now importing only phosphatic and pota.ssif: fertilizers. During
198485, 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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The important fertilizer factories of Pakistan are enlisted below:-

1. TSF Plant and urea fertilizer plant, Hazara.
2. Faisalabad Fertilizer Ltd.

3. Pak American Fertilizer Ltd. at Daud Khel.
4. Single Super Phosphate Plant at Jaran Wala.
3. Natural Gas Fertilizer Factory, Multan.

6. Dawood Urea Plant, Lahore,

7. Dhariala Potash Fertilizer Project, Dhariala.
8. Fauji Urea Complex, Sadigabad.

9. Exxon Fertilizer Co, Dahrki,

10. Urea Plant, Mirpur Mathelo.

110 DETERGENTS
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water, thereby producing soluble compounds in which dirt and grease are readily
carried away,

Structure:= Allthe detergents have the same basicstructure. They are made
up of two parts:

(i) Hydrophobic (Water repelling)

(it) 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 alse nonpolar.

Hydrophilic part is small ionic group like sulphonatc (Sdi ), sulphate
(-0- 50 0, quaternary ammonium groups (NR ) or hydroxyl groups
(—OH ). (In a soap this group is carboxyl COO).

CH, CH, CH,,
Soap ./\ / /\/ \:\,_,05 I‘J;

CH CH, CH I

3‘ t

CH, CH, CH, CH CH,

(]

3 o 2
WA T 4 W o §

SetRegent cr{ CH, CH, CH, [O-S0, Nz
~——— Hydrophobic I:iydroph_ﬂic
(Hydrocarbon end dissolves in oils) (]01’11(:‘ 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
(8O3 ,-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 hydrop}nl:c 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 scurn (Precipitate).
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water, thereby producing soluble compounds inwhich dirt and grease are readily
carried away.,

Structure:= Allthe detergents have the same basic structure. They are made
up of two parts:

(i) Hydrophobic (Water repelling)
(11) Hydrophilic (Water attracting).

.Hydrophobic.: partis 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 (S@: ), sulphate

, -2 - !
(—O~SIO3). quaternary ammonium groups (Nﬁ‘ ) or hydroxyl groups

(-=OH ). (In a soap this group is carboxyl, COQ).
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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‘arc used as washing Powders -
washing liquids. Speciﬁc. detergents can be nlla{mfacl;ur.c(} fo.r 2 Particular .
pose by using a certain kind of hydrocarbon chain or by inserting more thy, one
ionic groups.

Pakistan has developed a Jarge detergent industry and detergents are sold
under various brand names like Brite, Surf etc.

One disadvantage of detergent Over soap is that hydrocarbon chain, unlike

those of soaps which are derived from food substances (fats and oils) cannoy b,
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 calcium silicate

(CaSiO,). It is produced by heating sand, soda (Na,CO,) or sodium sulphate
and lime stone (CaCQOj,) in a furnace at 1400°C.

Nazcom, + Siozm ~ Nazsioam + Cozm
CaCo, , + Si0,,, = CaSi0,, +CO,,,
Or

Na,CO, + CaCO, + 6Si0, 2CO, + Na,0.Ca0.65iC,

Glass

: . . e
Glass is not a true solid because molecules are not arranged in 2 defint

pattern. In fact a glass is a super cooled liquid i ‘1 solution withou!
crystallization. The mo P liquid i.e a soli of

liquids that’s why a
gradually becomes

Glass

is attacked by hydrofluoric acid, This acid is used to make 4¢5
Blass. This process is called o -y id. This acid is

.o M e
lecules are arranged in random positipns 25 IF c:};g it
glass does not have sharp melting point. On he?
more and more plastic in nature.
igns 0"

' rc
lr Y . : mlxtu
of sodium 3nd‘calc' As mentioned earlier, ordinary window 81355(;: 211 1in18[‘j
1 111 '
S‘fonca"ﬁu: refracig um silicates. It is manufactured from sand, SO pste?
Ol soda

. This is uaclc-jy{}z)masmum glass is obtained by using potash g~
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’ Pyrex glass isa bf){omhc;'nc mixture which is produced by using boron oxide
in plac'c 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.¢ it expands greatly when heated.
Pyrex glass is not manufactured in Pakistan. Coloured glass is manufaciured by
adding certain transition metal oxides. For example CuO gives light blue, CoO
dark blue and Cr, O, 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 factories are:-

(i) Indus Glass Work, Hyderabad.

(I}  Toyo Nasik Glass Factory, Lahore.
() 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 silik worm
disease. Rayon Is a flbre obtained mechanically from silk worms. The
starting material is cellulose. The sllk 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 sk
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 ¢Ic.

Vv is manufactured from celiulose when {t is digested with

Viscose Rayon Lo
sodium hydroxide solution. When carbon disulphide is passed through the
n, a mixture of sodium cellulose xanthate is formed which is soluble in

solutio
NaOH.
: /OR
R-OH + CS, + NaOH - $=C +HO
: SN :
4

(R = Cellulose)
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Due to very high viscosity, the silk 1hus:. obtained is called viscose rayon
solution is forced through a :.pinnt.:rc% mt.o 1‘1250‘ bath where cellulo
precipitated as fine threads. This arufimzfl silk is cheaper tha‘n cellulose
silk or nitrocelluldse silk. It s produced in the largest quantity.

IOSC 15
aCetata

Synthetic fibres are the man made polymers which consist of maer,_
molecules (Poly = many; macros = parts). The polymers are built by linki,
together of many smaller units called monomers. This process is ¢aljeq
polymerization.

Synthetic fibres are usually prepared by cond.ensation polymerization i
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 1o certain extent. It is made of diamines and 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 atoms each. 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.

Terylene is a polyester fabric which is formed from many ester
¢ monoiners for tive manufacture of terylene are ethylene glycol an

. . . 'mina
thalic acid. During condensation polymerization, water molecule 1 =
gIVIng rise (o ester linkage.

molccUlCS'

rerep?”
: ted
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figloc—~<(>-c00 il + 03, -on, o —210
Terephthalic acid Ethylene glycol

(1,4-benzene (Ethane-1,2,diol)
dicarboxylic acid).

[-oc —@—COOCHz—CHz_O-}

Terylene

n

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 c_-stablished to manufacture synthetic
fibers.

11.5 PLASTICS

Modern plastics are assuming an ever increasing imgort_ancc in our
economy. These are macromolecules, formed by the polymerization of simple
molecules. In other words, plastics are also polymers formed fforn monomers.
Ethylene, for example, is an unsaturated hydroc?rbon 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
polyethylene or Polythene.

CF ] Towom, en
. | e
H” " \pn 1000 atm. | CH, CH, .
- H H

Polyethylene is thc most common plastic used to form pt.:)ly.thcnc bags and
to package foods. Poly propylene is superior to pclyethylene in its resistance to
breakage and to temperature.
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ic used to make combs and hair

The transpa b of an unsatura ed acid.

brushes is 1
of methyl methacrylate, an ester Polyme,

CH, CH, :
CH O / S |
‘\J / Benzoyl peroxide C{Z
c —C >
4 \o CH /C\
H:C : ‘ ¥ - CHJ
Methyl methacrylate Perspex n

Glass like transparency and resistance to weathering make ituseful asaglag;
substitute e.g.in aircraft windows, reflectors on auto vehicles, T.V guardscreen;

and street Jight fittings.

PVC or Poly vinyl chloride is the polymer of vinyl chloride (CH, = CH),
In the presence of catalyst hydrogen peroxide atthe t;mperaturc of 89 C.vnpyl
chloride polymerizes to poly vinyl chloride. PVC is used for the insulating
covering for electrical cables, for the manufacture of gramophone records, sul-
case coverings etc,

PYA (Poly vimyl acetate) is the polymer of vinyl ac'.'n;:
(CHz=CHO.CO.CH3) is used in the manufacture of ¢hewing gum and in the
water proofing of textiles.

Bakelite_is a polymer of phenol and formaldehyde.

Bakelite is used to make bultons, switches, electrical boards, cameras
tclephone components,

_radio and

OH py OH i OH OH
¥

|

CH,”|

+ C - . -'-CH,—@’ CH.“@' ! ||
: “H,0 ,

Phenol formaldehyde Phenol Bakelite

olymer
Although plastics emir ; : o’ AP
- ely consist of high molecular €0 a8l

various compositions are usid by mlxlnggthc polymer with fillers, P ﬁdﬂﬂ[

i ici . o 188 iy
?fgﬁiii”g not Plasllmzcr reduces the brittleness and improve thiﬂ lhaf’F'd
and 1055.0[ ne disadvantage of artificial plastic {s anincre

elasticity when solvent cvaporales.
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Fillers usually increase the mechanical strength of plasties and make the

savings of the more costly polymer. Various fillers which are used are wood
flour, saw dust.

Plastics are generally tough, resistant to the action of acids and alkalis and
not very much affected by the change of temperature. The plastics have a fair
range of deformability and mouldability due to which articles of any desired
shape and form can be manufactured.

. Plastic Inr.lustr'w,r in Pakistan:~ Plastic Industry in Pakistan essentially con-
sists of moulding of plastic powders into various articles of daily use.

Types of Plastic:~ Plastics are of two types:

(i) Thermoplastic (ii) Thermosetting

(i) A Thermo plastic or thermosoftening plastic is a material which
softens 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 ete.

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) Abinder 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 (PbCrO,), oxides of iron (brown or red) or organic dyes of various

colours. White lead having approximate composition [_Pb(C?H):.ZPbCOJ) was
once exiensively used, but it has now been banned for interior use due 1o high

toxicity of lead. Infant ilinesses have been attributed to the ingestion of chips of

old lead paint, 269



In Water based paint (Emulsions?. a syn“tthic polymer u{ith Tubber it
properties is used as the binder. These "Latex” paints arc emulsified in Water l;
give a variety of spreading cllaractcn'x]stlc§. Pycs ax}d pigments may be adgeg i
give desired colours. Among the plastics used in latex paints are olyviny:
acetate, polymclhyl methacrylate, polysty{ene, styrene-butadiene COPO]Yme?;
and polytetrafluoro ethylene (Teflon). Paints can be formulated with fanyag;,
variety of colours, textures and resistances.

Varnishes:— Varnish is a mixture of resins, a volatile orgaric solvent sy
as ether, and a drying oil such as linseed oil. Resin is dissolved in a volatjle
organic solvent and then a drying cil is added when varnish is obtained.

The drying oils (linseed oil) consist of esters of highly unsaturated acids
containing two or more double bonds. Such oils absorb oxygen when exposed
10 air and form tough solid water insoluble film.

A varnish which also contains a drying oil when it is applied on a surface,
forms tough, solid, durable and glossy film. As a matter of fact, the volatile
organic solvent evaporates quickly and the drying oil absorbs oxygen, dries up

forming water insoluble tough film on the surface. The glossy appearance is due
to the presence of resin,

Paint Industry in Pakistan:-= A number of multinational companies are
involved in the preparation of paints of various kinds.

Names of sore of industries in Pakistan are given below:

¥ Berger Robbialac, Karachi.
3 [.C.1. Dulux, Lakore, . © =
3. Buxly's paints, Karachi.

ASSIGNMENT

i7eTS.
What is a fertilizer? Give names and uses of some of the fertilize’
What is a detergent? Describe the cleaning action of detergent
What do you know about glass? Describe in detail.

. Write short note on synthetic fibers. How nylon is PfePﬂre
state its characteristics?

= e he e

al

. What do you know about plastics?
- Write short notes on:

(i) Paints  (ii) Varnishes

M . - 137 ‘?
7. What is the difference between a manure and a fertilizeT"
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