


In this reaction, esters of fatty acids are hydrolysed and the soap
obtained remains in colloidal form. It is precipitated from the solution
by adding sodium chloride. The solution left after removing the soap
contains glycerol, which can be recovered by fractional distillation.
Only sodium and potassium soaps are soluble in water and are used
for cleaning purposes. Generally potassium soaps are soft to the skin
than sodium soaps. These can be prepared by using potassium
hydroxide solution in place of sodium hydroxide.

Types of soaps

Basically all soaps are made by boiling fats or oils with suitable

soluble hydroxide. Variations are made by using different raw materials.
Toilet soaps are prepared by using better grades of fats and oils

and care is taken to remove excess alkali. Colour and perfumes are
added to make these more attractive.

Soaps that float in water are made by beating tiny air bubbles
before their hardening. Transparent soaps are made by dissolving the
soap in ethanol and then evaporating the excess solvent.

In medicated soaps, substances of medicinal value are added. In
some soaps, deodorants are added. Shaving soaps contain glycerol to
prevent rapid drying. A gum called, rosin is added while making them.
It forms sodium rosinate which lathers well. Laundry soaps contain
fillers like sodium rosinate, sodium silicate, borax and sodium carbonate.

Soap chips are made by running a thin sheet of melted soap onto
a cool cylinder and scraping off the soaps in small broken pieces. Soap
granules are dried miniature soap bubbles. Soap powders and scouring
soaps contain some soap, a scouring agent (abrasive) such as powdered
pumice or finely divided sand, and builders like sodium carbonate and
trisodium phosphate. Builders make the soaps act more rapidly. The
cleansing action of soap has been discussed in Unit 5.

Why do soaps not work in hard water?

Hard water contains calcium and magnesium ions. These ions form
insoluble calcium and magnesium soaps respectively when sodium or
potassium soaps are dissolved in hard water.

2C,.H,,COONa + CaCl, ——> 92NaCl + (C,H,,COO),Ca

Soap Insoluble calcium
stearate (Soap)

These insoluble soaps separate as scum in water and are useless
as cleansing agent. In fact these are hinderance to good washing,
because the precipitate adheres onto the fibre of the cloth as gummy
mass. Hair washed with hard water looks dull because of this sticky
precipitate. Dye does not absorb evenly on cloth washed with soap
using hard water, because of this gummy mass.

16.5.2 Synthetic Synthetic detergents are cleansing agents which have all the properties
Detergents of soaps, but which actually do not contain any soap. These can be
used both in soft and hard water as they give foam even in hard water.

Some of the detergents give foam even in ice cold water.
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Synthetic detergents are mainly classified into three categories:
(i) Anionic detergents (ii) Cationic detergents and (iii) Non-ionic
detergents
(i) Anionic Detergents: Anionic detergents are sodium salts of
sulphonated long chain alcohols or hydrocarbons. Alkyl
hydrogensulphates formed by treating long chain alcohols with
concentrated sulphuric acid are neutralised with alkali to form
anionic detergents. Similarly alkyl benzene sulphonates are
obtained by neutralising alkyl benzene sulphonic acids with alkali.

H,SO, NaOH -
CH,(CH,),,CH,0H — =5 CH,(CH,),,CH,080,H —222%; cH (CH,),,CH,0S0,a

Lauryl alcohol Lauryl hydrogensulphate Sodium laurylsulphate
(Anionic detergent)

H,SO NaOH gy
CHS(CHQ)U@ — CHS(CHZ)U@S@H Naofitaa) CHs(CHZJIOSOSNa

Dodecylbenzene Dodecylbenzenesulphonic acid Sodium dodecylbenzenesulphonate

In anionic detergents, the anionic part of the molecule is involved
in the cleansing action. Sodium salts of alkylbenzenesulphonates
are an important class of anionic detergents.

They are mostly used for household work. Anionic detergents are
also used in toothpastes.

(ii) Cationic Detergents: Cationic detergents are quarternary
ammonium salts of amines with acetates, chlorides or bromides
as anions. Cationic part

possess a long hydrocarbon CH +
chain and a positive charge on | °
nitrogen atom. Hence, these CH,(CH,),,—N—CH, Br

are called cationic detergents.
Cetyltrimethylammonium |
bromide is a popular cationic CH,
detergent and is used in hair Cetyltrimethyl ammonium bromide
conditioners.
Cationic detergents have germicidal properties and are expensive,

therefore, these are of limited use.

(iii) Non-ionic Detergents: Non-ionic detergents do not contain any ion
in their constitution. One such detergent is formed when stearic
acid reacts with polyethyleneglycol.

CH,(CH,),,COOH + HO(CH,CH,0),CH,CH,OH —H10, CH,(CH,),,COO(CH,CH,0),CH,CH,OH
Stearic acid Polyethyleneglycol
Liquid dishwashing detergents are non-ionic type. Mechanism

of cleansing action of this type of detergents is the same as that
of soaps. These also remove grease and oil by micelle formation.

Main problem that appears in the use of detergents is that if their
hydrocarbon chain is highly branched, then bacteria cannot degrade
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this easily. Slow degradation of detergents leads to their accumulation.
Effluents containing such detergents reach the rivers, ponds, etc.
These persist in water even after sewage treatment and cause foaming
in rivers, ponds and streams and their water gets polluted.

These days the branching of the hydrocarbon chain is controlled
and kept to the minimum. Unbranched chains can be biodegraded
more easily and hence pollution is prevented.

Intext Questions

16.4 Write the chemical equation for preparing sodium soap from glyceryl
oleate and glyceryl palmitate. Structural formulae of these compounds
are given below.

(D) (C;5H3,COO);CsHy — Glyceryl palmitate
(i) (C,;H3,COO);CsHs - Glyceryl oleate

16.5 Following type of non-ionic detergents are present in liquid detergents,
emulsifying agents and wetting agents. Label the hydrophilic and
hydrophobic parts in the molecule. Identify the functional group(s)
present in the molecule.

C.H, O(CH,CH,0),CH,CH,O0H

(x=5to 10)

Summary

Chemistry is essentially the study of materials and the development of new
materials for the betterment of humanity. A drug is a chemical agent, which
affects human metabolism and provides cure from ailment. If taken in doses
higher than recommended, these may have poisonous effect. Use of chemicals
for therapeutic effect is called chemotherapy. Drugs usually interact with
biological macromolecules such as carbohydrates, proteins, lipids and nucleic
acids. These are called target molecules. Drugs are designed to interact with
specific targets so that these have the least chance of affecting other targets.
This minimises the side effects and localises the action of the drug. Drug chemistry
centres around arresting microbes/destroying microbes, preventing the body
from various infectious diseases, releasing mental stress, etc. Thus, drugs like
analgesics, antibiotics, antiseptics, disinfectants, antacids and tranquilizers are
used for specific purpose. To check the population explosion, antifertility drugs
have also become prominent in our life.

Food additives such as preservatives, sweetening agents, flavours,
antioxidants, edible colours and nutritional supplements are added to the
food to make it attractive, palatable and add nutritive value. Preservatives are
added to the food to prevent spoilage due to microbial growth. Artificial sweeteners
are used by those who need to check the calorie intake or are diabetic and want
to avoid taking sucrose.

These days, detergents are much in vogue and get preference over soaps
because they work even in hard water. Synthetic detergents are classified into
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three main categories, namely: anionic, cationic and non-ionic, and each
category has its specific uses. Detergents with straight chain of hydrocarbons
are preferred over branched chain as the latter are non-biodegradable and
consequently cause environmental pollution.

Exercises

16.1 Why do we need to classify drugs in different ways ?

16.2 Explain the term, target molecules or drug targets as used in medicinal
chemistry.

16.3 Name the macromolecules that are chosen as drug targets.

16.4 Why should not medicines be taken without consulting doctors ?

16.5 Define the term chemotherapy.

16.6 Which forces are involved in holding the drugs to the active site of enzymes ?

16.7 While antacids and antiallergic drugs interfere with the function of
histamines, why do these not interfere with the function of each other ?

16.8 Low level of noradrenaline is the cause of depression. What type of drugs
are needed to cure this problem ? Name two drugs.

16.9 What is meant by the term ‘broad spectrum antibiotics’ ? Explain.
16.10 How do antiseptics differ from disinfectants ? Give one example of each.

16.11 Why are cimetidine and ranitidine better antacids than sodium
hydrogencarbonate or magnesium or aluminium hydroxide ?

16.12 Name a substance which can be used as an antiseptic as well as
disinfectant.

16.13 What are the main constituents of dettol ?

16.14 What is tincture of iodine ? What is its use ?

16.15 What are food preservatives ?

16.16 Why is use of aspartame limited to cold foods and drinks ?
16.17 What are artificial sweetening agents ? Give two examples.

16.18 Name the sweetening agent used in the preparation of sweets for a diabetic
patient.

16.19 What problem arises in using alitame as artificial sweetener ?
16.20 How are synthetic detergents better than soaps ?
16.21 Explain the following terms with suitable examples

(i) cationic detergents

(i) anionic detergents and

(iii) non-ionic detergents.

16.22 What are biodegradable and non-biodegradable detergents ? Give one
example of each.

16.23 Why do soaps not work in hard water ?

16.24 Can you use soaps and synthetic detergents to check the hardness of
water ?

16.25 Explain the cleansing action of soaps.
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16.26 If water contains dissolved calcium hydrogencarbonate, out of soaps and
synthetic detergents which one will you use for cleaning clothes ?

16.27 Label the hydrophilic and hydrophobic parts in the following compounds.
-+
(i) CH,(CH,),,CH,0SO,Na

+
(i) CH,(CH,),; N(CH,),Br
(i) CH,(CH,),,COO(CH,CH,0),CH,CH,0H

Answers to Some Intext Questions

16.1 Most of the drugs taken in doses higher than recommended may cause
harmful effect and act as poison. Therefore, a doctor should always be
consulted before taking medicine.

16.2 This statement refers to the classification according to pharmacological
effect of the drug because any drug which will be used to counteract the
effect of excess acid in the stomach will be called antacid.

16.5
C,H,, O(CH,CH,0) CH,CH,OH
I | | |
Hydrophobic or Hydrophilic or
non polar part polar part
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Answers to Some Questions in Exercises

1.1 (i)
(iii)

W)

(wvii)

(ix)

(xi)

11.2 (1)

(iif)

v)

(vii)

(ix)

11.3 (a)
(b)

(c)

(e)

(@

UNIT 11
2,2,4-Trimethylpentan -3-ol (ii) 5-Ethylheptane -2, 4-diol
Butane -2,3-diol (iv) Propane -1,2,3,-triol
2- Methylphenol (vi) 4-Methylphenol
2,5 — Dimethylphenol (viii) 2,6-Dimethylphenol
1-Methoxy-2-methylpropane (x) Ethoxybenzene
1-phenoxyheptane (xii) 2 -Ethoxybutane

CH,
CH, - (ll - CH, - CH, (ii) Q CH,-CH-CH,
on o
OH
oo e
HOCH, - CH, - C-CH,- C-CH, (iv)
(|2H3 (|)H3 C,H;
C,H, - O-CH,- CH,-CH, (vi) CH4~CH — CH - CH,- CH,
b, i,
OH

|
< >—cHoH (vii) CH,~CH,-C-CH,~CH,

OH
x) CHs—CH2—|CH—CH2—CH2—OH

CH,C1
CH,CH,CH,CH,CH,OH, Pentan-1-ol;
CH,-CH,-CH-CH,-CH,-OH, 2-Methylbutan-1-ol;
cn,
CH,
CH;&—CHZOH, 2,2-Dimethylpropan-1-ol (d) CH,~CH,~CH,~CH-CH,, Pentan-2-ol
C|2H3 Cl)H
CHs—CHz—CHz—ClH—CHa, Pentan-2-ol (0 CH,~CH-CH-CH,, 3-Methylbutan-2-ol
OH CH, OH
CH,
CHS—CHZ—(ll—OH, 2-Methylbutan-2-ol
e,

11.4 Hydrogen bonding in propanol.
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11.5 Hydrogen bonding between alcohol and water molecules.
11.8 o-Nitrophenol is steam volatile because of intramolecular hydrogen bonding.
11.12 Hint: Carryout sulphonation followed by nucleophilic substitution.

CH=CH, CH(OH)CH,

11.13 (i) H /H.0

CH,CI CH,OH

(ii) + NaOH ——> © + NaCl

(iii) CH,(CH,),C1 + NaOH ——> CH,(CH,),OH + NaCl

11.14 Reaction with (i) sodium and (ii) sodium hydroxide
11.15 Due to electron withdrawing effect of nitro group and electron releasing effect of methoxy group.
11.20 (i) Hydration of Propene.

(ii) By nucleophilic substitution of —Cl in benzyl chloride using dilute NaOH.

(i) C,H,MgBr + HCHO — C,H,CH,0MgBr —%% C,H.CH,OH

CH, CH,
(iv) CH,MgBr + CH,COCH, —>CH3—(|2—OMgBr H_p) CHS—(lj—OH
(|IH3 (llHS
11.23 (i) 1-Ethoxy-2-methylpropane.
(ii) 2-Chloro-1-methoxyethane.
(iii) 4-Nitroanisole.
(iv) 1-Methoxypropane.
(v) 1-Ethoxy-4,4-dimethylcyclohexane.
(vi) Ethoxybenzene.
UNIT 12
12.2 (i) 4-Methylpentanal (ii) 6-Chloro-4-ethylhexan-3-one
(iii) But-2-enal (iv) Pentane-2,4-dione
(v) 3,3,5-Trimethylhexan-2-one (vi) 3,3-Dimethylbutanoic acid
(vii) Benzene -1,4-dicarbaldehyde
CH, o} o
12.3 (i) HSC_(le_CHZ_g_H (ii) OzN—O g—CHZ—CH3
O CH,
(iii) HBC—Q (llJ_H (iv) Hsc—(l“T—CH=C—(|3H3
(@)
Cl Br
v) HSC—g—CHZ—(liH—CH3 (vi) HSC—CH—CllH—CHZ—gI—OH
CH,
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O

. I
(vii) H —@ O (viii) H,C-C=C-CH=CH-C-OH

12.4 (i) Heptan-2-one (ii) 4-Bromo-2-methylhexanal (iii) Heptanal
(iv) 3-Phenylpropenal (v) y-Cyclopentanecarbaldehyde (vi) Diphenylmethanone
NO, N-OH
12.5 (i) @CH:N.NHONQz (ii) A
i
OCH,
(iif) 3 <OCH3 (iv) 2
H2(|3 (|3H2
QP _OH
(v) H,C-CH,-C-CH,-CH,-CH, (vi) H—C —OCH
OH (I?
|
C C
) AN s N =
12.6 (i | ii
(0 O/ [ () C( o

o) lOCZHS

CH=NNH—g—NH2 (N CH,
(i) C( (iv) C( o, )

12.7 (i), (v), (vi), (vii): Aldol condensation. (i), (iii), (ix) Cannizaro reaction. (iv), (viii) Neither.
12.10 2-Ethylbenzaldehyde (draw the structure yourself).
12.11 (A) CH,CH,CH,COOCH,CH,CH,CH,, butyl butanoate.
(B) CH,CH,CH, COOH (C) CH,CH,CH,CH,OH. Write equation yourself.
12.12 (i) Di-tert-butyl ketone < Methyl tert-butyl ketone < Acetone < Acetaldehyde
(i) (CH,),CHCOOH < CH,CH,CH,COOH < CH,CH(Br)CH,COOH < CH,CH,CH(Br)COOH

(iii) 4-Methoxybenzoic acid < Benzoic acid < 4-Nitrobenzoic acid < 3,4-Dinitrobenzoic acid.

COOK cocl (I?
12.17 (i) @ (ii) C[ (iii) C.H,CH=NNHC-NH,
cocl OH

[

o C
I Nen

(iv) C,H.COCI-AICI, ) ~ (vi) H
CoO COOH

(vii) CGH5CH=|C—CHO (viii) CH,CH(OH)CH,COOC,H, (ix) <:>=0
CH,

(x) 1.BH,; 2. H,0,/OH; 3.PCC (xi) <:>=<:>

12.19 The compound is methyl ketone and its structure would be: CH,COCH,CH,CH,
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UNIT 13

13.1 (i) l-methylethanamine (ii) Propan-1-amine
(iii) N-methyl-2-methylethanamine (iv) 2-methylpropan-2-amine
(v) N-methylbenzamine or N-methylaniline (vi) N-Ethyl-N-methylethanamine

(vii) 3-Bromoaniline or 3-Bromobenzenamine
13.4 (i) C4H NH, < C4H/NHCH, < C,H,NH, < (C,H,),NH
(i) C4H,NH, < C,H/N(CH,), < CH,NH, < (C,H,),NH
(iii) (a) p-nitroaniline < aniline < p-toluidine
(b) C4H,NH, < C,H,NHCH, < C H,CH,NH,
(iv) (C,H),N > (C,Hy),NH > C,HNH, > NH, (v) (CHy),NH < C,HNNH, < C,H,OH
(vi) CzH NH, < (C,Hg),NH < C,H,NH,

UNIT 15

15.1 Polymer is a high molecular mass macromolecule consisting of repeating structural units derived
from monomers.

Monomer is a simple molecule capable of undergoing polymerisation and leading to the formation
of the corresponding polymer.

15.2 Natural polymers are high molecular mass macromolecules and are found in plants and animals.
The examples are proteins and nucleic acids.

Synthetic polymers are man-made high molecular mass macromolecules. These include synthetic
plastics, fibres and rubbers. The two specific examples are polythene and dacron.

15.4 Functionality is the number of bonding sites in a monomer.

15.5 Polymerisation is a process of formation of a high molecular mass polymer from one or more
monomers by linking together of repeating structural units with covalent bonds.

15.6 Since the unit +NH-CHR-CO-); is obtained from a single monomer unit, it is a homopolymer.

15.7 On the basis of molecular forces present between the chains of various polymers, the classification
of polymers is given as follows.

(a) Elastomers (b) Fibres (c) Thermoplastics and (d) Thermosetting plastics.

15.8 In addition polymerisation, the molecules of the same or different monomers add together to
form a large polymer molecule. Condensation polymerisation is a process in which two or more
bi-functional molecules undergo a series of condensation reactions with the elimination of some
simple molecules and leading to the formation of polymers.

15.9 Copolymerisation is a process in which a mixture of more than one monomeric species is allowed
to polymerise. The copolymer contains multiple units of each monomer in the chain. The examples
are copolymers of 1,3-butadiene and styrene and 1, 3-butadiene and acrylonitrile.

15.10
O

vl . .
CH,-C-0-O-C-Cc,H, — 2CH,-C-O ——— 2C H,
A

. phenyl radical
C.H;+ CH,=CH, —> C,H,-CH,-CH,

C.H,~CH,-CH, + CH,=CH, —> C,H.-CH,~CH,~CH,~CH,

lchain termination

C.H,+CH,-CH, };, CH,-CH,-CH,~CH, + CH,—CH, ¥}, C,;H,
Polythene

15.11 A thermoplastic polymer can be repeatedly softened on heating and hardened on cooling, hence
it can be used again and again. The examples are polythene, polypropylene, etc.
A thermosetting polymer is a permanent setting polymer as it gets hardened and sets during
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moulding process and cannot be softened again. The examples are bakelite and melamine-
formaldehyde polymers.

15.12 (i) The monomer of polyvinyl chloride is CH,=CHCI (vinyl chloride).

(ii) The monomer of teflon is CF,=CF, (tetrafluoroethylene).
(iii) The monomers involved in the formation of bakelite are HCHO (formaldehyde) and C,H.OH
(phenol).

15.14 From the structural point of view, the natural rubber is a linear cis-1,4- polyisoprene. In this
polymer the double bonds are located between C, and C, of isoprene units. This cis-configuration
about double bonds do not allow the chains to come closer for effective attraction due to weak
intermolecular attractions. Hence, the natural rubber has a coiled structure and shows elasticity.

15.16 The monomeric repeat unit of Nylon-6 polymer is:

[NH-(CH,),~CO]

The monomeric repeat unit of Nylon-6,6 polymer is derived from the two monomers, hexamethylene
diamine and adipic acid.

[NH-(CH,) ,-NH-CO-(CH,),-CO]

15.17 The names and structures of monomers are:

Polymers Monomer Names Monomer Structures

(i) Buna-S 1,3-Butadiene CH,=CH-CH=CH,
Styrene C,H,CH=CH,

(ii) Buna-N 1,3- Butadiene CH,=CH-CH=CH,
Acrylonitrile CH,=CH CN

(lll
(iii) Neoprene Chloroprene CH,=C-CH=CH,
(iv) Dacron Ethylene glycol OHCH,-CH,OH

Terephthalic acid COOH —@— COOH

15.18 The monomers forming the polymer are:
() Decanoic acid HOOC - (CH,),— COOH and Hexamethylene diamine H,N(CH,), NH,

H,N N
\(/ Y NH2
(i) N YN and HCHO

NH,

15.19 The following are the equations for the formation of Dacron.

n HOCH,CH,OH + nHOOC —@—COOH —_— -( O—CHZCHZO—CO—Q Co ‘}n

Ethylene glycol Terephthalic acid Dacron
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