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Chapter 8 — Alloys

Definition — Alloys are metallic materials consisting of 2 or more elements.
They are mixture of metals with metals or non-metals.

Features of Alloy :

1. Alloys are homogeneous in molten state but they may be either
homogeneous or heterogeneous in solid state.

2. Alloys containing mercury as one of the constituent are called amalgams.
3. An alloy must contain a metal.

4. In alloys, chemical properties of the component elements are retained, but
certain physical properties are improved.

Purpose of Making Alloys :—

1. Enhance the hardness of metal

Lower the melting point

Enhance the tensile strength of parent metal
Enhance corrosion resistance

Provide better stability of castability.
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Types of Alloys —
Ferro Alloy — Alloy containing (Fe) iron as main constituent.

Ex- Steel (General/Stainless), Manganese steel, Cast Iron
Non-Ferro Alloys- Alloys do not containing (Fe) iron as main constituent.

Ex- Bronze, Brass, Alnico, Duralumin, Solder, Gun metal, Bell
metal etc.

Amalgam — Alloy containing Hg as main constituent

Ex- Hg+Sn+Cn+Zn — Dental fillings

Type of Alloys Composition Uses
Brass Cu : 65-90% Door locks, Bolts,
Zn :35-10% musical instruments,

central hearing pipes,
utensils, hardware
items, screws, jewellery,
Battery caps, tubes,

nameplates
Bronze Cu : 80-90% Decorative statues,
Sn:20-5% imitation jewellery,

water fittings, medals,




heavy load bearings,
turbine blades, pump
valves, coins

Alnico Steel : 50% Permanent magnets in
Ni:21% loud speakers,
Al : 20% microphones, pickups in
Co:9%% electric guitars.
Duralumin Al :95% Used in making air
Cu: 4% ships, air craft
Mn : 0.5% construction.
Mg : 0.5% Surgical instruments,

Automobile bodyparts,
military equipment

Assignment:

1. Define alloy. Write down the purposes of making alloy

2. What is the difference between ferro and non-ferro alloy. Explain with
examples.

3. Write down the composition and uses of Brass, Bronze, Alnico and
duralumin.



Chapter 9 — Organic Chemistry

It is the chemistry of covalently bonded C-compounds except oxides, carbides and nitriles
of carbon.

Distinctive features of organic compounds:

1. Vast Number: Due to self linking property of C known as “catenation property”. it is the
special nature of C-atom to combine with itself through covalent bonds forming long
chains/rings of different sizes and shapes.

6C — 182 2s? 2p? (in ground state)

'sC— 152 2s! 2p® (in excited stated)

Hence it shows tetracovalency

2. Complex nature with high molecular mass

3. Non-ionic and slow reversible nature of organic reaction

4. Isomerism : Organic compounds having the same molecular formula but different
physical and chemical properties are called Isomers. The phenomena is called Isomerism.

5. Homologous Series : It is characterised by the presence of a functional group and can
be represented by one general formula. One member of a particular homologous series
differ from the consecutive member by a -CH,- group.

Types of Bonds:
Single bond(C - C)-sigma bond
Double bond(C = C)-one sigma and one pi bond

Triple bond(C = C)-one sigma and 2 pi bonds



Classification of Organic Compunds

Based on C-skeleton

Acyclic/openchain/Aliphatic compounds Cyclic Compound or closed chain

(Branched or straight chain)

Homocyclic/carbocyclic Heterocyclic
Have 1/more rings composed Closed ring compounds
of C-atoms only containing 1/more

hetero atoms(N,S,0 etc)

Acyclic rings(closed ring compounds Aromatic compounds(closed ring compounds

Containing C-atoms) that obey Huckel’s rule of aromaticity)

Aromatic Compounds and Huckel’s Rule of aromaticity or (4n + 2)it electron rule:

According to this rule , a cyclic, planar closed ring compound containing alternate single
and double bond with (4n+2) no. Of it electrons is called an aromatic compound.

Where, n=1,2,3...etc

Ex: Benzene, Toluene, Naphthalene, Anthracene

Anthracene

benzene toluene naphthalene

Hydrocarbons:

In organic chemistry, a hydrocarbon is an organic compound consisting entirely of
hydrogen and carbon. Hydrocarbons are the
principal constituents of petroleum and natural gas. They serve as fuels and lubricants as
well as raw materials for the production of plastics, fibres, rubbers, solvents, explosives,
and industrial chemicals.
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https://www.britannica.com/science/petroleum
https://www.britannica.com/science/natural-gas
https://www.britannica.com/science/plastic
https://www.britannica.com/technology/fiber-technology
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Aliphatic hydrocarbons are divided into three main groups according to the types of bonds
they contain: alkanes, alkenes, and alkynes.

1. Alkanes have only single bonds. These are called saturated hydrocarbons.

2. Alkenes contain a carbon-carbon double bond, and alkynes contain a carbon-
carbon triple bond. These are called Unsaturated hydrocarbons.

3. Aromatic hydrocarbons are compounds with C and H only and they follow the
Huckel’s rule of aromaticity.

Ex: Structures of representative hydrocarbons

aliphatic hydrocarbons

H H
|| i AN
H—C—C—H C=C H—C=C—H
|| < ™~
H H H H
alkane alkene alkyne
aromatic hydrocarbons ]i]
H C H
C
H”C“‘t’l:é “H
H

Saturated hydrocarbons: CHs(methane), C;Hg(Ethane), CsHg(Propane) etc.

Unsaturated hydrocarbons: C,H(Ethylene), CsHg(Propylene) etc. or C,H,(Acetylene),
CsHa4(Propyne) etc.

Difference between aliphatic and aromatic hydrocarbons:

ALIPHATIC HYDROCARBONS AROMATIC HYDROCARBONS
1. Aliphatic hydrocarbons are organic 1. Aromatic hydrocarbons are
compound composed of C, H and organic compound composed of of
any other hetero atom like N,S,0 C, H and any other hetero atom
etc arranged in straight chain or like N,S,0 etc arranged in ring
branched chain or cyclic structure . structure with delocalised pi
electrons.

Do not have a pleasant odour

C to H ratio is high

Burns with non-sooty flame

Some are saturated and others
unsaturated

Have a pleasant odour.
Cto H ratio is low
Burns with sooty flame
All are unsaturated
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6. There are no delocalised pi 6. There are no delocalised pi
electrons electrons

7. Do not obey Huckel’'s rule of 7. Obey Huckel’s rule of aromaticity
aromaticity

8. Majority of aliphatic compounds 8. These are always conjugated due
are not conjugated to presence of alternating single

and double bonds.
9. Ex: Butane and propane etc 9. EX: Benzene and naphthalene etc
Assignments

1. Differentiate between aromatic and aliphatic compounds.

2. What are hydrocarbons? How many types of hydrocarbons are there?
Explain with examples.

3. Classify organic compounds on the basis of their carbon skeleton.

4. Explain Huckel’s rule of aromaticity with examples.




IUPAC Nomenclature of Organic Compounds:

A systematic naming system of organic compounds followed internationally. It consists of

4 parts basically:
1. Root word

2. Prefix

3. Primary Suffix

4. Secondary Suffix

1. ROOT WORD:
It refers to the number of carbon atoms present in the parent chain of the organic
compound.
NO. OF ‘'C’ ROOT WORD NO. OF ‘'C’ ROOT WORD

1 Meth 6 Hex

2 Eth 7 Hept

3 Prop 8 Oct

4 But 9 Non

5 Pent 10 Dec
2. PREFIX:

It refers to the presence of substituent or side chain in the parent chain of the organic
compound. Some groups always act as substituent or side chain. They are:

GROUP PREFIX
-F Fluoro-
-Cl Chloro-
-Br Bromo-
-l lodo-
-NO, Nitro-
-R(side chains) Alkyl-
-OR Alkoxy-

3. PRIMARY SUFFIX:

It refers to the presence of carbon-carbon single (C — C), double (C = C) or triple (C = C)

bond in the compound.



NATURE OF THE BOND PRIMARY SUFFIX
Without functional group

All C-C bond -ane

One C=C bond -ene
Two C=C bond -a-----diene
Three C =C bond -a-----triene

One C=C bond -yne
Two C=C bond -a-----diyne

With functional group

All C-C bond -an-

One C=C bond -en-
Two C=C bond -a-----dien-
Three C =C bond -a-----trien-

One C=Cbond -yn-
Two C = C bond -a-----diyn-
Three C = C bond -a-----triyn-

4. SECONDARY SUFFIX:

It refers to the presence of functional groups in the compound. Functional groups are the
atoms or group of atoms which are responsible for the physical and chemical properties

of the organic compounds.

CLASS OF COMPOUND FUNCTIONAL GROUP SECONDARY SUFFIX
-OH Alcohol -ol
-CHO Aldehyde -al
>CO Ketone -one
-COOH Carboxylic Acid -oic acid
-NH; Amine -amine
-CONH, Acid Amide -amide
-Cocl Acid Chloride -oylchloride

* when using the secondary suffix, the C-atom of the functional group(if any) is normally

included in the principal chain.

Order of naming: Prefix-RW-P.S-S.S

IUPAC nomenclature of simple organic compounds:

CLASS OF COMPOUNDS :

1. ALKANES:
General formula: ChHan+2,:
Primary Suffix: -ane

IUPAC Name: Root Word +ane.

Representation: —C —




FORMULA OPEN CHAIN STRUCTURE IUPAC NAME COMMON
NAME
CHg4 - Methane Marsh gas
C,Hsg CHsCHs; Ethane
CsHs CH3CH,CH3 Propane
C4H10 CH3CH2CH2CH3 Butane
C5H12 CH3CH2CH2CH2CH3 Pentane
C5H14 CH3CH2CH2CH2CH2CH3 Hexane
C7H15 CH3CH2CH2CH2CH2CH2CH3 Heptane
CsHls CH3CH2CH2CH2CH2CH2CH2CH3 Octane
CgHzo CH3CH2CH2CH2CH2CH2CH2CH2CH3 Nonane
Clonz CH3CH2CH2CHzCHzCHzCHzCHzCHzCH3 Decane
2. ALKENES:
— —
General formula: CyHzn, Representation: . C=C __
Primary Suffix: -ene
IUPAC Name: Root Word +ene.
FORMULA OPEN CHAIN STRUCTURE IUPAC COMMON NAME
NAME
CoHq CH, = CH, Ethene Ethylene
CsHe CH; = CHCH3 Propene Propylene
C4Hs CH; = CHCH,CH; Butene Butylene
CsHqo CH, = CHCH,CH,CHs; Pentene
C6H12 CHz = CHCHzCHzCHzCH3 Hexene
CsH14 CH, = CHCH,CH,CH,CH,CHs; Heptene
CsH1s CH, = CHCH,CH,CH,CH,CH,CHs; Octene
Cngg CHZ = CHCH2CH2CH2CH2CH2CH2CH3 Nonene
CioH20 CH; = Decene
CHCH,CH,CH,CH,CH,CH,CH,CH3

3. ALKYNES: General formula: C,Hzn -2, Representation:— C=C —

Primary Suffix: -yne,

IUPAC Name: Root Word +yne. C2H2 Acetylene Ethyne C3H4 Propyne Propyne C4H6

Butyne Butyne

FORMULA OPEN CHAIN STRUCTURE IUPAC COMMON NAME
NAME
C2H3 CH=CH Ethyne Acetylene
C3Hq4 CH=C-CHs Propyne Allylene
C4He CH= C— CH,CHjs Butyne Crotonylene
CsHs CH = C- CH,CH,CHjs Pentyne
CeH10 CH = C- CH,CH,CH,CHjs Hexyne




C7H12 CH=C- CHzCHzCHzCHzCHg Heptyne
CgH1a CH = C- CH,CH,CH,CH,CH,CHs Octyne
CoH16 CH = C- CH,CH,CH,CH,CH,CH,CH3 Nonyne
C10H13 CH=C- CHzCHzCHzCHzCHzCHzCHzCH3 Decyne

4. ALKYL:

General formula: C,Hn+1 —Or R —, Representation: R —

Common name: Alkyl, IUPAC Name: Root Word + vyl
FORMULA OPEN CHAIN STRUCTURE IUPAC NAME COMMON

NAME
CHs— CHs— Methyl-
C2H5— CH3CH2— EthY|-
C3H7— CH3CH2CH2— Propyl-
C4H9— CH3CH2CH2CH2— BUtYl-
C5H11— CH3CH2CH2CH2CH2— Pentyl-
C6H13— CH3CH2CH2CH2CH2CH2— HexyI-
C7H15— CH3CH2CH2CH2CH2CH2CH2— Heptyl-
C3H17— CH3CH2CH2CH2CH2CH2CH2CH2— OCtYl-
C9H19— CH3CH2CH2CH2CH2CH2CH2CH2CH2— NOI’]Y'-
C10H21— CH3CH2CH2CHzCHzCHzCHzCHzCH2CH2— Decyl-
5. ALKYL HALIDES OR HALOALKANES:
General formula: CyHan+1— X or R— X, where R= Alkyl, X= halogen (F, Cl, Br, |)
Representation: R — X, Common name: Alkyl halide
[UPAC Name: Halo +Root Word +ane.
X= Cl (Chloro-), Br(Bromo-), F(Fluoro-), I(lodo)

FORMULA OPEN CHAIN STRUCTURE IUPAC NAME COMMON
(X=Cl) NAME
CHs—ClI CHs—ClI Chloromethane Methyl

chloride
C,Hs—ClI CHsCH>—CI Chloroethane Ethyl
chloride
CsH;—ClI CHsCH,CH—CI Chloropropane Propyl
chloride
C4Hs—Cl CH3CH,CH,CH>—CI Chlorobutane Butyl
chloride
CsHq11—Cl CH3CH,CH,CH,CH—CI Chloropentane Pentyl

chloride




C6H13—C| CH3CH2CH2CH2CH2CH2—C| Chlorohexane HEXY'
chloride
C;H1s—Cl CH3CH,CH,CH,CH,CH,CH,—Cl Chloroheptane Heptyl
chloride
CgH17—Cl CH3CH;,CH,CH,CH,CH,CH,CH,—CI Chlorooctane Octyl
chloride
CoH1—Cl CH5CH,CH,CH,CH,CH,CH,CH,CH,—ClI Chlorononane Nonyl
chloride
Ci0H21—Cl | CH3CH,CH,CH,CH,CH,CH,CH,CH,CH»—Cl Chlorodecane Decyl
chloride
6. ALCOHOL:

General formula: CoHzne1— OH or R—OH , where R= Alkyl, OH= functional group
Representation: R — OH , Common name: Alkyl alcohol

[UPAC Name: Root Word + an + ol.

FORMULA OPEN CHAIN STRUCTURE IUPAC COMMON
NAME NAME
CHsOH CHs—OH Methanol Methyl alcohol
C,Hs OH CHsCH,— OH Ethanol Ethyl alcohol
CsH; OH CH5CH,CH>— OH Propanol Propyl alcohol
C4H9OH CH5CH,CH,CH,—- OH Butanol Butyl alcohol
CsH11 OH CH5CH,CH,CH,CH,— OH Pentanol Pentyl alcohol
CeH13 OH CH5CH,CH,CH,CH,CH,—- OH Hexanol Hexyl alcohol
CsH1s OH CH5CH,CH,CH,CH,CH,CH,— OH Heptanol Heptyl alcohol
CsH17 OH CH5CH,CH,CH,CH,CH,CH,CH,— OH Octanol Octyl alcohol
C9H19 OH CH3CH2CH2CHzCHzCHzCHzCHzCHz— OH Nonanol Nonyl alcohol
C10H21 OH CH3CH2CH2CH2CH2CH2CH2CH2CH2CH2—OH Decanol Decyl alcohol

RULES FOR IUPAC SYSTEM OF NOMENCLATURE FOR BRANCHED CHAIN COMPOUNDS:

1. Expansion of chain:

Sometimes condensed groups are present in organic compounds. These condensed
groups are to be separated.

Ex: CHz — CH; — (CH2)2 = CHs —» CH3—CH; — CH, — CH, — CHs
(CHs)2CH — CHs —» CHsz- C[H —CHs
CHs
CH3—CH-CH;—-CH;—-CH3 —» CH3—CH-CH;—-CH;—-CHs

C2Hs CH2— CHs



2. Selection of Parent Chain:

The longest continuous carbon chain is called parent chain or Principal Chain. The parent
chain is selected. The groups which are outside the parent chain are called substituents
or side chains.
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3. Numbering of Carbon:

After selecting the parent chain, the carbon atoms of the parent chain are numbered. The
numbering is always continuous and can be done either from left to right or right to left.

a. Presence of one Substituent (F, Cl, Br, I, NO,, etc.) or one Side Chain(alkyl
groupsCHs, CoHs, C3H7, etc.) :
If a compound contains a substituent or a side chain then minimum number is given
to the carbon containing the substituent or the side chain.

Ex: 5 4 3 2 1
CHs —CH;—=CH; - ?H —CH3

Cl < substituent



5 4 3 2 1
CH3 —CHz—CHz— ?H —CH3

CoHs <+ side chain

b. Presence of one Substituent and one Side chain at the same position from either
end:

In such a case minimum number is given to the carbon containing the substituent.

By . Uy
ceH, —cH— cr&——- cH —'—Cﬂa C-containing Br is given minimum
R d 2 4 5 . .
L-7KR 1 no. as it is a substituent
gl ” 3 Qiﬁ TRy L . C-containing F is given minimum
% —~cH — ClJ"—_ 2 . no. as it is a substituent
F \

c. Presence of two substituents at the same position from either end:
In this case minimum number is given to the carbon containing the substituent
which comes 1st in alphabetical order.

£ L
CcHy— ICH —C —C‘H o Chloro comes before fluoro in alphabetical order,
3 7 2. 4 . ~ hence C-containing Cl is given minimum no.
Cf' Bf) \ Bromo comes before Chloro in alphabetical order,
CHB —Ccy— UE o hence C-containing Br is given minimum no.

CH — CH — CH, — u{_\é“ - Cj«tj Fluoro comes before iodo in alphabetical order,
a ::Ha 4 A 5 b hence C-containing F is given minimum no.

d. Presence of two side chains at the same position from either end:

In this case minimum number is given to the carbon containing the side chain which
comes 1st in alphabetical order.



C-containing ethyl group is given

7 3 ( A A 2.7 minimum no. as ethyl comes before
' * methyl
| 5 3 41 - C-containing methyl group is given
CHB— C,H;\— CHg\’“CH".‘IQH_'— LH;{»*CHQ_— ¢ty minimum no. as methyl comes before
X o propyl
CBH}

e. Presence of 2 or more than 2 substituents or side chains at any positions:

In this case Lowest locant rule is followed.

L, .
£ -l g .
LyRo1 3 3 4 & ot
LT TRT A 8 2 1? gL
Crt
CH 3

3
LR = A+tbrF =15
R7L = 2+3+7F =12

sg) schigft o Dt Lok oy & T comeston

Rules for alphabetical order:

If a compound contains more than one substituent or side chain then, while naming the
substituents / side chains are arranged alphabetically. While following the rules for
alphabetical order the prefixes like di, tri, tetra, etc. are ignored

Arrangement of Root Word, Prefix, Primary Suffix and Secondary Suffix: In an organic
compound the RW, Prefix, PS and SS are arranged in the following way.

(-) — Prefix RW (-) = PS --=-m-mmm-- (-)-SS

Note: (-) are locant numbers
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Assignment:

Write down the IUPAC names of the following compounds.

o
09 CHzCH = CH— O — O
[ 3 3 4 <
g
¢ I 8 ¥ .
Q) cHJZH~a%~U+—“§
T
F |
2 c%_&—aadﬂfw'w
1 A 3 4 ¢ b
Gty CaHe

!
Cd/> QCH cy —CH—CH — CH —

2E Qiths 4 & 3 g3

Answers:

a) 2-Bromo-4-methylpentane
b) 2-Fluoro-3-methylbutane

c) 2-Chloro-4-fluoropentane
d) 2-Bromo-3-chlorobutane

e) 2-Fluoro-5-iodohexane

f) 4-Methyl-5-propyloctane

g) 3-Ethyl-5-methylheptane

CHo
‘fw 2l Z?H CI&
_—w.— —
3 1 3

2 3
(2 3 ql e b Fon Ty
D) CH— _MQ—CH M TR



Classification of carbon atoms

Carbons have a special terminology to describe how many other carbons they are
attached to.

C C C C
_r‘:_ _(|;_C —t|: —C C—(‘Z —C
| | ! :
1° 2° 3° 4°

o Primary carbons (1°) attached to one other C atom

« Secondary carbons (2°) are attached to two other C’s
o Tertiary carbons (3°) are attached to three other C’s
o Quaternary carbons (4°) are attached to four C's

EX: 4°C
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\

3°C \\/

o C—CH,
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H, CH,
1°C I

2°C
—1°y s e
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Ex:

T
CH;— C —CH3Br  neo-Pentyl bromide
o
CH3—(|ZH—CH2CI iso-Butyl chloride
CHs
CH3—(|:H—CI iso-propyl chloride

CHs

CHs —C|— OH tert-Butyl alcohol

CHs

CH3—CH,—CH,—CH,—CH,F

n-Pentyl fluoride



Types of alkyl groups from unsaturated hydrocarbons:

H

Gy =ty ———y U= ChY

7 Vingl ~

0y ¢t -
Cy = CH— cHy et w&’m 3
+
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Ex:
CH,=CH—CI Vinyl chloride
CH=C—Br Ethynyl bromide

CH,=CH—CH,Br Allyl bromide



IUPAC nomenclature of compounds containing multiple bond:

Numbering of C-atoms in principal chain:

a. Presence of multiple bond:

If a compound contains a multiple bond (C = C or C = C) then, minimum number is
given to the carbon containing the multiple bond irrespective of the position of the
substituents or side chains. Ex:

1 3
CH ——&C,H 1 __‘Lt _‘-EH Pent-2-ene
3 4 >
1
1 a 3 4 43 3
. = Ch,— CH — CH = CH
But-1-yne Ut 3-Methylbut-1-ene

b. If the principal chain contains 2/more than 2 = and/or = bond then number the
principal chain from such an end so that the multiple bonds get the lowest set of
locants.

Note: If a compound contains both = and = bonds then the suffix is —en-yne.

Ex:
5 4 39 tﬁ L 2R (Coweet Set 1,3)
—(H -t —C =
;/Hb 2 x A £ K.,L_Cn‘.nwrre,d"ﬁd‘ 3/4{-)

Pent-3-en-1-yne

c. If a double bond and a triple bond present at the same positions from either end
then the carbon atom containing = bond is given the minimum number. Ex:

; 5 B 4 - ( R—>L intowraet sdi/‘{)
CH="_C —-CHa——C,H = CHQ
G 43 R 1 ( LR Cosrect s 1/4)

Pent-1-en-4-yne

d. If the principal chain contains 2 = bonds or 2 = bonds, then the suffix is —diene or diyne
respectively.



3 .
s ?‘,H — e — cﬂa-— C’**a— d”r_e 3-Propylhex-1,4-diene
CAH,

o
!
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X
I
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BTN

IUPAC nomenclature of branched chain compounds containing functional group:

1. Selection of Principal Chain —

Select the longest continuous chain of c- atoms which will include the principal functional
group and that will constitute the parent chain.

It multiple bonds are present; the principal/parent chain should include maximum
number of multiple bonds. If there are 2/more chains containing equal number of c-
atoms, select the one with maximum no. of substituents.

Ex: 3 Q
4
- = ¢ — (H —CH — CH
H — OH
151

\&’ _]Dn,o?aﬁw ~2—€h*i" ol .

2. Number the principal chain in such a way that the principal functional group gets
the lowest locant even if it violets the lowest set of locants rule.

Ex:
£ [
ot CH = CH
| ( .
e — CH —cay — G —Ch
tH, — C — CH (,&a H 2

2 9 1

4 - Propylher - 6 - en- g-ol



Assignment: Write down the IUPAC name of the following compounds.
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IUPAC Nomenclature of Organic Compounds:

Bond line Notation and name-to-structure conversion:

Bond-line notation:

Generally organic chemists depict molecular structures using a convention
known as bond line notation. According to this approach, a bond between two
atoms is represented by a line. The ends of the line correspond to the positions
of the bonded C-atoms. Only atoms other than carbon and hydrogen are
shown clearly.
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Assignment: Write down the no. of Cand H atoms in the following compounds.
Yf\ N

IUPAC Name-to-structure conversion:

Steps:

1. Identify the Prefix, Root word, Primary suffix and secondary suffix in the

given compound.
2. Write down the no. of C-atoms in the root word & it will constitute the

parent chain.

3. Number the C-atoms in the parent chain either from left to right or from
right to left(in any one direction only). It will constitute the locant
numbers.

4. Then write down the prefix, primary suffix and secondary suffix
accordingly at their respective position in the parent chain.

5. Finally balance the hydrogen so that all C- atoms are tetracovalent.

Example: 3-Methylpent-2-en-1-ol
Step-1: In this case Prefix= methyl at position 3

RW= pent =>5 C-atoms in the parent chain
Primary suffix= en => double bond at position 2
Secondary suffix= ol => OH or alcohol group at position 1

Step-2: C—C—C—C—C

Step-3: C—C—C—C—C
12 3 4 5



Step-5: 1 2 3 4 5
H,C—C = CH—CH;—CH3;

|
OH  CHs

Assignments:
1. Write down the IUPAC structures of following compounds.

i) 2,2-Dichloro-3,3-diiodobutane

ii)  3-Chloro-3-methylpentan-1-ol

iii)  3-Bromo-2-chloro-3-ethylpentan-2-ol
iv)  2,3,4-trichlorohex-2-yne

v)  2-Fluorobuta-1,3-diene

vi)  2-Ethylhex-1-en-1-ol

vii) 4,4-Dibromopent-2-yne

2. Write down the IUPAC name of the following compounds.
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Common Aromatic Compounds and uses in daily life

Benzene:

Benzene is an organic chemical compound with the molecular formula CsHs. The
benzene molecule is composed of six carbon atoms joined in a ring with one
hydrogen atom attached to each. As it contains only carbon and hydrogen atoms,
benzene is classed as a hydrocarbon.

Application/uses:

1. Benzene is used to make polymers and plastics like polystyrene.

2. Benzene is used to produce phenol and acetone for resins and adhesives.

3. Cyclohexane is synthesized from Benzene which is used in the manufacture
of nylon fibers, which are processed into textiles and engineering plastics.

4. Smaller amounts of benzene are used to make some types
of rubbers, lubricants, dyes, detergents, drugs, explosives, and pesticides.

Toluene:

It is also called methyl benzene

CHs

Uses:

1. Toluene has numerous commercial and industrial applications and is a
solvent in paints, lacquers, thinners, glues, correction fluid and nail polish
remover.

2. Itis used in the printing and leather tanning processes.

3. ltis used in making trinitrotoluene (the explosive, TNT)

4. It is also used as solvents for various compound and in preparation of a
number of synthetic drugs.

5. Toluene can be used in gasoline fuels for internal combustion engines


https://en.wikipedia.org/wiki/Phenol
https://en.wikipedia.org/wiki/Cyclohexane
https://en.wikipedia.org/wiki/Rubber
https://en.wikipedia.org/wiki/Lubricant
https://en.wikipedia.org/wiki/Dye
https://en.wikipedia.org/wiki/Detergent
https://en.wikipedia.org/wiki/Drug
https://en.wikipedia.org/wiki/Explosive
https://en.wikipedia.org/wiki/Pesticide

BHC(Benzene Hexachloride):

It is prepared from benzene in presence of chlorine and sunlight.
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It is an important agricultural pesticide mainly used for exterminating white
ants, leaf hopper, termite etc.

It is commercially available in market in the name of Gammaxene or Lindane
and used as an insecticide.

It is used as an insecticide on crops, in forestry, for seed treatment.

It is used in the treatment of head and body lice.

It is used in pharmaceuticals.

It is used to treat scabies.

Phenol:

It is the hydroxy derivative of benzene.

Uses:

o gk wWN
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Phenols are widely used in household products and as intermediates for
industrial synthesis.

It is used as a disinfectant in household cleaners and in mouthwash.

Phenol may have been the first surgical antiseptic.

It is used in plastic manufacturing industries.

Phenol is also used in the study and extraction of bio-molecules.

Phenol is alsoused in the cosmetic industryin the manufacturing of
sunscreens, skin lightening creams and hair colouring solutions.

It is also used to commercially prepare phenolic resins. The resulting resin is
known as phenol-formaldehyde resin, commercially it is marketed by the
name of bakelite. Bakelite is extensively used in electrical switches and
automobiles due to its property of withstanding extreme conditions of heat and



resistance to electricity and other chemicals. The intermediate produced
during the polymerization reaction is called novolac, this is a resin and is used
as a binding agent or adhesive in many industries. Novolac is also used for
protective coating purposes.

Naphthalene:

Naphthalene is used to make mothballs, PVC, insecticides (insect killing
chemicals), dyes, toilet deodorant blocks.

It is used to make pharmaceuticals and resins.

Naphthalene is used mainly as a precursor to other chemicals and also used
in agriculture to make agrichemicals.

Naphthalene provides an excellent solubilizing medium for poorly soluble
aromatic compounds.

In the past, naphthalene was administered orally to kill parasitic worms in
livestock.

Anthracene:

Uses:

1.
2.
3.

4.

It is used as a preservative in wood and lumber

It is used as an insecticide for crops.

Anthraquinone, derived directly from anthracene, finds use as a precursor to a
lot of dyes the fabrics and in textiles industries.

It is used as a coating material.

Benzoic Acid:_Itis the carboxylic acid derivative of benzene.

COOH
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Benzoic acid is most commonly found in industrial settings to manufacture a
wide variety of products such as perfumes, dyes, topical medications and
insect repellents.

It is also used as a pH adjustor and preservative in food, preventing the
growth of microbes to keep food safe. Usually processed food has benzoic
acid to inhibit the growth of bacteria, mold and yeast.

It is used in toothpaste, jam, beverages, poultry, agriculture, perfume, dye etc.
It helps in the prevention of bacterial infection. It is used as an antifungal for
treating diseases like ringworm and athlete’s foot.

It is used in the treatment of skin irritation caused by insect bites, burns etc.

It is used in pharmaceuticals as a preservative in drugs. It is also present in
baby products, skin products, cleansing products, hair and nail products,
soaps, bath products, detergents etc.

Assignments:

1. Write down 2 uses of Benzene and phenol in daily life

2. What are the important applications of benzoic acid, naphthalene and
anthracene.

3. Write down the uses of BHC in agriculture.



INDUSTRIAL CHEMISTRY

CHAPTER-10- WATER TREATMENT

SOURCES OF WATER(RAIN WATER)

|

SURFACE WATER UNDERGRO‘UND WATER
FLOWING WATER STILL WATER SPRINGS WELLS  TUBEWELLS

| | |
l | | | |
STREAMS  RIVERS SEA PONDS LAKES RESERVOIRS
5. Underground water. The rainwater and other surface water percolate down through
the soil and rocks and get filtered and finally collected on rocky surface or again come out as
spring. Though 1t contains less suspended matter but the dissolved mineral content is quite
high and 18 of high organic purity.

TYPES OF WATER:
SOFT WATER: which forms enough foam or lather with soap solution

ex: rain water,distilled water, demineralised water
HARD WATER : which does not form enough foam or lather with soap solution
rather forms a curd white precipitate,

ex: sea water, river water, pond water

Hardness of Water

Hardness of water is the characteristic of preventing lather formation of water with
soap. Generally salts like chlorides, bicarbonates and sulfates of Ca%*, Mg?* and Fe?' make
water hard. This hard water on treatment with soap which is stearic or palmitic acid salts of
sodium or potassium causes white precipitate formation of calcium or magnesium stearate or

palmitate.
2C, . H, COONa + CaCl,— (C, H, .CO0),Ca + 2NaCl
Sodium stearate Caleium stearate
(soap) (insoluble)

Thus the cause of hardness is the precipitation of the soap and hence prevents lathering
at first. When the hardness causing ions are removed as insoluble soaps, water becomes soft
and forms lather.

The hardness is of two types:
(i) Temporary hardness is due to the bicarbonates of Ca®" and Mg?" and carbonate of
Fe®*. Since bicarbonates readily get precipitated on boiling the water, the temporary hardness
can be easily removed, viz.
heat
Ca(HCO3), Ca(HCO,), —— CaCO,l + H,0 + CO,
Mg(HCO3)2 insoluble



By adding slaked lime:

Ca(HCO,), + Ca(OH), — 2CaCO, y + 2H,0
Mg(HCO,), + Ca(OH),— CaCOj; ¥+ MgCO; ¥ + 2H,0

Excess lime may convert soft water to hard water again by absorbing
CO, from air. So a calculated quantity of lime is used.

Ca(OH), + CO, —  Ca(HCO,),

(it) Permanent hardness is due to the presence of chlorides and sulfates of Ca, Mg, Fe,
etc. Permanent hardness cannot be removed easily on boiling.

CaCIz, CaSo,, MgCIZ, MgSO,, FeSO,

Units of Hardness
Both temporary and permanent hardnesses are expressed in ppm as CaCO,.

Hardness 1s principally expressed in ppm unit.

1 part of hardness

1 ppm =
10° parts of water

Softening of Water

Softening of water means the removal of caleium, magnesium, iron salts and similar
other metallic 10ons, which would form insoluble metallic soaps. The three important industrial
methods employed for softening of water are:

1. Cold and hot lime-soda process.

2. Permutit or zeolite process.

3. Ion-exchange or demineralization process.

1. Lime-soda process. By this process, soluble calcium and magnesium salts are rendered
insoluble by adding calculated amount of lime [(CaOH),] and soda [Na,CO,]. The insoluble
precipitates of CaCO, and Mg(OH), are removed by filtration. By this method, both temporary
and permanent hardness are removed.

For the removal of temporary hardness the reactions are:

Ca(HCO,), + Ca(OH), —— 2CaCO, 1+ 2H,0
Mg(HCO,), + Ca(OH), —— 2CaCO0, L+ MgCO, + 2H,0
MgCO, + Ca(OH), —— Mg(OH), L+ CaCO, l

Hence, to remove equivalent quantities of Ca and Mg hardnesses the amount of lime

necessary 1s in the ratio of 1:2.



Again for the removal of permanent hardness. The reactions are:
CaSO, + Na,CO, — CaCO, | + Na,SO,
MgS0, + Na,CO; —— MgCO, + Na,50,
MgCO, + Ca(OH), —— Mg(OH), 1+ CaCO, l

MgSO, + Ca(OH),—® Mg(OH), y + CaCl,
MgCl, + Ca(OH), — Mg(OH), y + CaSO,

Hence, for the removal of permanent hardness due to Ca-salts, lime 1s not necessary,
but it 1s necessary for Mg salts. Extra addition of Ca(OH), causes hardness. So calculated
quantities of lime and soda are to be added after the determination of actual hardness.

In the actual process the water is thoroughly mixed with the chemicals and allowed to
react for sufficient time. Activated charcoal 1s added as activator, alum etc. are added as
coagulants. To avoid after-precipitation of CaCO,, sludge of the previous operation is added,

Cold Lime-Soda Process

In this method, calculated quantity of chemicals and water, along with accelerators and
coagulators are added to a tank fitted with a stirrer (Fig. 17.1). On vigorous stirring, thorough
mixing takes place. After softening the soft water rises upwards and the heavy sludges settle
down. The softened water passes through a filtering media ensuring complete removal of the
sludge and finally the filtered water flows out through the top. Cold lime soda process 1s used
for partial softening of municipal water, for softening of cooling water ete. In actual purpose,
magnesium hardness is brought down to almost zero but calecium hardness remains about
40 ppm.

Motor Driving belt
Chemicals S—
(soda + lime Raw water
+ coagulant) — r— feed inlet
feed inlet |

Filtered softened
water outlet

Wood-fibre [

filter \.\“

|
— Quter chamber

Stirrer

addles
P | Inner chamber

Stirrer

Sedimented
— sludge
[CaCO; Mg(OH),]

AT AR

v
Sludge outlet
R s,

Fig. 17.1 Continuous cold lime-soda softener.



Hot Lime-Soda Process

This process 18 similar to the cold lime-soda process. Here the chemicals alongwith the
water are heated near about the boiling point of water by exhaust steam. As the reaction takes
place at high temperature, there are the following advantages:

(i) the precipitation reaction becomes almost complete.
(if) the reaction takes place faster.
(11) the sludge settles rapidly.
(tv) no coagulant 18 needed.
(v) dissolved gases (which may cause corrosion) are removed.
(vt) viscosity of soft water is lower, hence filtered easily.
(vii) Residual hardness is low compared to the cold process.
Hot lime-soda process consists of three parts:
() ‘Reaction tank’ in which complete mixing of the ingredients takes place.
(b) ‘Tonical sedimentation vessel’ where the sludge settles down and
(c¢)‘Sand filter’ where sludge is completely removed.
The soft water from this process is used for feeding the boilers (Fig. 17.2).
Advantages Include:
(1) Lime soda process 1s economical.
(it) The process improves the corrosion resistance of the water.
(111) Mineral content of the water 1s reduced.
(tv) pH of the water rises, which reduces the content of pathogenic bacteria.

Raw water —
feed inlet — * ﬁa
Lol by Loty
Super | 53 \\“Q/E_ - J3N
heated —>— k;;}\ / \ g\‘\;\ﬁ _
steam inlet “\h:\: NN Chemicals
N fime +s0da
RISV A SR
Reaction ==== <
tank  [ZSSCISIIIIIIIICEIoC SSSSSSSSSSSSssssss Softened
_______________ Coarse
Conical R A A sand layer
sedimentation W oITTIITI
tank =3 g \
=z == T Gravels layer
? -
Precipitated Z
sludge zZ Filtered
sludge outlet water outlet

AT I TAE AL LT AR AR R A TR AR A R AR AR R AR AR AR AR R AR S AR R NAANY
Fig. 17.2 Continuous hot lime-soda softener.



Disadvantages Include:
(i) Huge amount of sludge is formed and disposal is difficult.
(it) Due to residual hardness, water is not suitable for high pressure boiler.

lon Exchange or Demineralization
Ion exchange resins are organic polymers which are crosslinked having microporous

structure and the functional groups are attached to the chains which are responsible for the
ion exchange properties.

(i) Cation exchange resins (RH") are phenol-sulfonic acid-formaldehyde resin, styrene-

divinyl benzene copolymers which exchange their H" ions with the cations present in
the water i.e., Ca®* and Mg,

—CH—CH,— CH—CH,—
SOH SO,H
@ n
cation exchange resin
(i) Anion exchange resins (ROH): The styrene divinyl benzene or amine formaldehyde
copolymers contain quaternary ammonium tertiary sulphonium or amino group in

the resin. The resin on treatment with NaOH solution is capable of exchanging the
OH~ with different anions of water i.e., Cl-, SO 42 ete.

---CH,—CH—CH, CH,—CH—CH,-

CH,NMeZOH CHNMe; OH

OH,—CH—CH,—CH--CH,

~~CHy e

- + B
CH,NMe;OH CH,NMe;OH

Anion exchange resin

Method: The hard water is passed first through cation exchange resin similar to the
permutit process whereby the cations like Ca®", Mg®* are removed from the hard water and
exchanged with H as follows:

2RH* + Ca*'/Mg?* —— R,Ca®' /R ,Mg*" + 2H*

After this the hard water is again passed through anion exchange column, which

exchanges all the anions like SO 49 , CI” ete. present in the water with OH
ROH- + CI' —— R*Cl- + OH

These H" and OH~ combine to form water molecule. Thus the water coming out finally
from the two exchangers is ion free and called detoinized or demineralized water.
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Fig. 17.4 Demineralisation of water.
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Cation exchange Anion exchange reaction:
reaction: RANH, + H,0 ——= RNH,OH

-+ +2 +
2RH +Ca =CaR,+2H RNH,OH + CIT == RNH,CI + OH

Fig. 17.5 Demineralisation of water showing the ion exchanges.



Regeneration: The inactivated or exhausted cation exchange resin is regenerated by

dil. H,S0 /HCL.
R,Ca* + 2H" —— 2RH" + Ca®*
Similarly, the exhausted anion exchange resin is regenerated by dil. NaOH
R,50,% + 20H- —— 2ROH" + 80 **

The columns are finally washed with deionized water and the washings are discarded.

Cold L-S Process Hot L-S process

e Carried outin Room e Carried out in higher
temperature temperature(80-150 °C)

e Reaction proceeds at a slower e Reaction proceeds at a faster
rate rate

e Coagulants are added e Coagulants are not added

e Takes some hours to complete e Takes some minutes to

e Has low softening capacity complete

e Pathogenic bacteria may be e Has high softening capacity
present e Pathogenic bacteria are

destroyed

ASSIGNMENTS:

1. What is hardness of water? How many types of water are there according
to the hardness of water? Explain with examples.

What is temporary hardness? How to remove it?

Explain the cold L-S method to remove permanent hardness with diagram.
How organic ion exchange method can remove permanent hardness?
What is the difference between cold and hot L-S process.

What are the advantages of hot L-S process over cold L-S process?
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CHAPTER-11: LUBRICANTS

Lubricants:
Definition: Any substance introduced between the two moving and sliding
surfaces with a view to reduce frictional resistance to know as lubricant.
Functions of lubricants :
i. It reduces the frictional resistance between the sliding surfaces.
ii. It reduces wearing and tearing of machinery parts
iii. It reduces loss of heat energy there by increasing the efficiency of
Engine and prevents corrosion.
iv. It enhances the durability of machinery parts.
v. It reduces expansion of metals
vi. It acts as a cooling medium.
Type of lubricants :
Lubricants can be classified into three categories based upon their physical
states. They are:
Solid lubricants:

For example: Graphite, mica, molybdenum disulphide, boron trinitride, etc.
It is used where the working temperature or operating temperature or load is
too high, even for grease to remain in position
It is used where there is a chance of contamination of the products with other
lubricants (oils/greases)
Graphite:
It is the most widely used of all the solid lubricants and can be used either in the
powdered form or in suspen ion. It is soapy to touch; non-inflammable and
stable upto a temperature of 375° C. Graphite has a flat plate like structure and
the layers of graphite sheets are arranged one above the other and held
together by weak forces of attraction. These parallel layers which can easily slide
one over other make graphite an effective lubricant.

Graphite structure

0.14 nm

Covalent bonds

Carbon atoms —

Yan der Waals—-*’"'"”

bonds —*

0.34 nm
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USES OF GRAPHITE:

1. It is used in ICE(Internal combustion engine)

2. Used in railway track joints, open gears, chains, iron bearings etc.

3. Used in making lead pencils

4. Used in heavy machinary, general machine shop works, food stuff industries,
in air compressor

5. Used between uneven surfaces

Molybdenum Disulphide:

It has a sandwich- like structure with a layer of molybdenum atoms in between
two layers of sulphur atoms. Poor interlaminar attraction helps these layers to
slide over one another easily. It is stable upto a temperature of 400° C. The
Metallic bond length , Mo-Mo is 3.08 A%, the covalent bond length S-S is 3.15 A°
and the distance between two lamellas is 3.13 A° . It is stable up to 425°C in
presence of air and up to 800°C in absence of air. It is chemically inert. It is used
in space vehicles.

<. Sulfur Atoms Basal Plane Surface (001)
& Molydbenum Atoms Predominantly van der Waals
virtually no dangling bonds

- e i P )

Edge Plane surface

& ©

< (100) or (110)
Dangling bonds;
Molybdenum Disulfide FOCONSINUCION UNKNOWN

Liquid lubricants or Lubricating oils:
Classified into three categories;

(i) Animal and Vegetables oils,
(ii) Mineral or Petroleum oils and

(iii) blended oils.

Characteristic of good lubricating oils:

(1)high boiling point,

(2) low freezing point

(3) adequate viscosity for proper functioning

(4) high resistance to oxidation and heat

(5) non-corrosive properties

(6) stability to decomposition at the operating temperatures.




(i) Animal and Vegetables oils:

These are extracted from the crude fat and vegetables oils such as cotton seed
oil, olive oil, coconut oil, sunflower oil, whale oil, palm oil and caster oils. These
oils possess good oiliness and hence they can stick on metal surfaces effectively
even under elevated temperatures and heavy loads. they are costly, undergo
easy oxidation to give gummy products and hydrolyze easily to acidic products.

(ii) Mineral or Petroleum oils:

These are basically lower molecular weight hydrocarbons with about 12 to 50
carbon atoms. As they are cheap, available in abundance and stable under
service conditions, hence they are widely used. But the oiliness of mineral oils is
less, so the addition of higher molecular weight compounds like oleic acid and
stearic acid increases the oiliness of mineral oil.

(iii) Blended oils:

No single oil possesses all the properties required for a good lubricant

and hence addition of proper additives is essential to make them perform well.
Such additives added lubricating oils are called blended oils.

Examples: The addition of higher molecular weight compounds like oleic acid,
stearic acid, palmetic acid, etc or vegetables oil like coconut oil, castor oil, etc
increases the oiliness of mineral oil.

Semi-solid Lubricants or Grease:

A semi-solid lubricant obtained by combining lubricating oil with thickening
agents is termed as grease.

1. Lubricating oil is the principal component and it can be either petroleum oil
or a synthetic hydrocarbon of low to high viscosity.

2. The thickeners consist primarily of special soaps of Li, Na, Ca, Ba, Al, etc.

3. Specific additives to improve the quality.

Grease can support much heavier load at lower speed. Internal resistance of
grease is much higher than that of lubricating oils; therefore it is better to use
oil instead of grease. Compared to lubricating oils, grease cannot effectively
dissipate heat from the bearings, so work at relatively lower temp.

The main function of soap is thickening agent so that grease sticks firmly to the
metal surfaces. However, the nature of the soap decides:

1. the temperature up to which the grease can be used

2. its consistency

3. Its water and oxidation resistance.



So, greases are classified after the soap used in their manufacture. Important
greases are:

(i) Calcium-based greases or cup-greases

(ii) Soda-base greases

(iii) Lithium-based greases

(iv) Axle greases

(i) Calcium-based greases or cup-greases:

These are emulsions of petroleum oils with calcium soaps. They are, generally,
prepared by adding requisite amount of calcium hydroxide to hot oil while under
agitation. These greases are the cheapest and most commonly used. They are
insoluble in water, so water resistant. However, they are satisfactory for use at
low temperatures, because above 800C, oil and soap begins to separate out.
(ii) Soda-base greases:

These are petroleum oils, thickened by mixing sodium soaps. They are not water
resistant, because the sodium soap content is soluble in water. However, they
can be used up to 175°C. They are suitable for use in ball bearings, where the
lubricant gets heated due to friction.

(iii) Lithium-based greases:

These are petroleum oils, thickened by mixing lithium soaps. They are water-
resistant and suitable for use at very low temperatures. Used in aircraft
application(-55°C).

(iv) Axle greases:

These are very cheap resin greases, prepared by adding lime (or any heavy metal
hydroxide) to resin and fatty oils. The mixture is thoroughly mixed and allowed
to stand, when grease floats as stiff mass. Filters (like talc and mica) are also
added to them. They are water-resistant and suitable for less delicate
equipments working under high loads and at low speeds. Besides the above,
there are greases prepared by dispersing solids (like graphite) in mineral oil.
These are mostly used in rail axle boxes, machine bearings, tractors rollers, wires
ropes etc.

ASSIGNMENTS:

Define Lubricants.

What are the function of lubricants?

What are the operating condition of solid and liquid lubricants?
What is semi solid lubricant?

How many types of semisolid lubricants are there?
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CHAPTER-12 - FUEL

Definition:
Fuel is a carbonaceous combustible substance, which on combustion liberates
a large amount of energy in the form of heat which can be useful industrially
and domestically.
Fuel + O — > Products + Large amount of heat

Classification:
(A) Classification based on the occurance:

(i) Primary or natural fuels: The fuels which occur in nature as such.

Example: wood, coal, peat, lignite, anthracite, petroleum, natural gas etc.
(ii) Secondary or artificial fuels: The fuels which are derived from the
primary fuels. Example: coke, kerosene oil, petrol, coal gas, pulverized coal,
liguefied petroleum gas (LPG), CNG etc.
(B) Classification based on the physical state:
(i) Solid fuels- wood, coal, peat, lignite, anthracite
(i) Liquid fuels- petroleum, kerosene oil, petrol, Diesel
(iii) Gaseous fuels-LPG,CNG, coal gas, Water gas, Producer gas

CALORIFIC VALUE:

Calorific value is defined as the total amount of heat liberated when a unit
mass/volume of fuel is burnt completely in presence of air or oxygen.

Calorific value is of two types as follows:-

1) Higher calorific value. (HCV) or Gross calorific value. (GCV)

2) Lower calorific value. (LCV) or Net calorific value. (NCV)

1) HCV: - It is the amount of heat liberated when a unit mass of fuels burnt
completely in the presence of air or oxygen and the products of combustion are
cooled to room temperature. Here it includes the heat liberated during
combustion and the latent heat of steam. Hence its value is always higher than
lower calorific value.

2) LCV: - It is amount of heat liberated when a unit mass of fuel is burnt
completely in the presence of air or oxygen and the product of combustion are
let off completely into air. It does not include the