Carboxylic Acids, Esters,
Fats and Oils

Unit Outcomes

At the end of this unit, you should be able to:
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write the structural formula and ITUPAC names of given carboxylic acids and
esters,

describe some physical and chemical properties of carboxylic acids and esters;

predict and correctly name the products of organic reactions, including
substitution, addition, elimination, esterification, hydrolysis and oxidation
reactions,

carry out activitiesto prepare a carboxylic acid and an ester;

list some important fatty acids;

test for the carboxylic acid and ester functional groups;

under stand the structures, properties, uses of fats and oils;

describe and explain reactions in soap making (saponification);

describe and explain the cleaning action of soap and detergents;

under stand the har mful aspects of detergents on the environment whenimproperly
disposed; and

demonstrate scientific enquiry skills, including: observing, classifying, comparing
and contrasting, asking questions, drawing conclusions, applying concepts and

6.1 CaboxylicAcids

problemsolving.
MAIN CONTENTS

—  Structureand Nomenclature of Carboxylic acids
— Physica Properticsof Carboxylicacids
— Chemical Propertiesof Carboxylicacids
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— Preparation of Carboxylicacids
— FattyAcids
— Usesof Carboxylicacids
6.2 Eders
— Sourcesof Esters
— Structureand Nomenelature of Esters
— Physica Propertiesof Esters
— Chemical Propertiesof Esters
— Preparation of Esters
— Usesof Esters
6.3 Fatsandoils
— Structureof Fatsand Oils
— Physical Propertiesof Fatsand Oils
— Hadeningof ails
— Renddity
— Soapsand Detergents

Formagroup and performthefollowing activity:

Collect somecommon fresh fruitslike banana, mango, grapes, apple, pineapple, etc.
and some flowersfrom the garden. Observethe smell of all thefruitsand flowers
whichyou collected. Also tastethefruitsand observethe sournessin each fruit. Now,
discussthefollowing:

1. What typeof odour (plseant or unplseant) do al thefruitsand flowershave?

2. Doyoufind sournessand sweetnessinal thefruits?1f yes, thenwhy dothey have
adifferent taste?

Shareyour ideaswith the rest of theclass.

INTRODUCTION

In Grade 10, you have studied about hydrocarbons and alcohols. Inthisunit, you will
study about another important class of organic compounds called carboxylic acidsand
esters. These compoundsare present in many fruitsand flowers. Many carboxylic acids
areused asfood additivesinjams, jellies, candiesand pickels, etc. Youwill also study
about fatsand oilswhich are esters. Sodium or potassium saltsof long chain fatty acids
arecalled sogpswhich play amagjor roleascleansing agents.
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6.1 CARBOXYLIC ACIDS

At the end of this section, you should be able to:

* listcommon organic acidsand nametheir sources,
» writethegenera formulaof saturated monocarboxylic acids;

» writethemolecular formulasand namesof thefirst six membersof the saturated
monocarboxylicacids;

* givethestructurd formulafor thefirst four membersof the saturated monocarboxylic
ids

» givetheexamplesof mono, di andtricarboxylicacids;

» namesomebranched carboxylicacids;

* describethephysical propertiesof saturated monocarboxylicacids;

» explainthegenera methodsof preparation of saturated monocarboxylicacids,

» explaintheindustrial and laboratory preparation of acetic acid;

 conduct an experiment to produce acetic acid in thelaboratory;

* nameandwritestructural formulasof somefatty acids,; and

* describesomeusesof common carboxylic acids.

6.1.1 Structure and Nomenclature of Carboxylic Acids

Recall your previous knowledge about hydrocarbons and alcohols in grade 10. Form a
group and discuss the following:

1. Write the structures of first six alkanes and alcohols.
2. Compare the their strucutures.
3. Which functional groups in the structure determine the properties of these

compounds?

Share your ideas with the rest of the class.

Structure of Carboxylic Acids

Carboxylic acidsare organic compoundsthat contain at |east one carboxyl groupintheir
structure. A carboxyl group isafunctional group consisting of acarbonyl and ahydroxyl
whichisusually written as—COOH or —CO _H.

317
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O
1
—C—OH
Carboxyl group

a Monocarboxylic acids
Thegenera formulafor saturated monocarboxylic acidscan bewritten as:
O
|l
R—C—OH

where R iseither hydrogen or analkyl group for aliphatic Carboxylic acids. WhenRis
phenyl (aryl) group, the structure representsaromatic carboxylic acids.

Example 6.1
1. Thestructure of thefirst three saturated monocarboxylic acidsarewritten as
follows

O O
aH—|(l—OH Methanoicacid b CHB—lCl—OH Ethanoicacid
O
c CH3—CH2—|C|—OH Propanoicacid
2. Thesmplest aromatic carboxylicacidisbenzoic acid. Itsstructureiswritten as.

COOH

Benzenecarboxylic acid (Benzoic acid)

b Di- and tricarboxylic acids

Carboxylicacidscontaining two carboxyl groupsintheir structurearecalled dicarboxylic
acids.
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Example 6.2
1. Thestructureof thefirst three saturated dicarboxylic acidsarewritten asfollows:
il
a OH—C—C—OH Ethanedioicacid
0
b HO—C—CH,—C—OH Propanedioicacid

i I
¢ HO—C—CH,—CH,—C—OH Butanedioicacid
2. Thesmplest aromatic dicarboxylic acidisphthaicacid. Itsstructureis:

»-COOH
@Z 1, 2-Benzenedicaboxylic acid (phthalic acid)
COOCOH

Similarly, carboxylic acidsthat contain three carboxyl groupsintheir structurearecalled
tricarboxylicacids.

Example 6.3
Citricacidisatypica tricarboxylicacid, having thefollowing structure:

CH, — COOH

HO — C — COOH )
| Citricacid

CH, — COOH

Form a group and make a list of some fruits having acidic taste. Try to identify the
carboxylic acids present in these fruits, and classify these acids as monocarboxylic,

dicarboxylic, and tricarboxylic acids.
Present your findings to the class.
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Exercise 6.1

1. Writethestructure of thefollowing monocarboxylic acids:

a Butanoicacid b Pentanoicacid
2. Writethestructureof thefollowing dicarboxylicacids:
a Pentanediocicacid b Hexanedioicacid

c 1,3-Benzenedicarboxylicacid

Nomenclature of Carboxylic Acids
I Common namescar boxlicacids
a Straight chain monocarboxylic acids

A largenumber of carboxylic acidshavewidely used common nameswhich need to be
learned. Thosewith aneven number of carbon atomsranging from4to 22 may beobtained
by hydrolysisof animal and vegetablefatsand ils. They arereferred to asfatty acids, and
they have common names derived from various sources. Formic acid derivesitsname
fromthe Latinword for ants, becauseit isone of thetoxic ingredients of the secretion
injected by the stinging ant. Butanoic acid (butyric acid) derivesitsnamefrom butter, in
whichitisfound when the butter becomesrancid. Caproic, caprylic, and capric acidsare
involvedintheodor of agoat, and their namesderivefromtheL atinword, caper, for goat.
Table 6.1 listscommon namesof some of the most important monocarboxylic acids.

Table 6.1 Common names of some monocarboxylic acids

Structure Common name Source of name
HCOOH Formicacid Ant (Latin, formica)
CH3— COOH Acetic acid Vinegar (Latin, acetum)
CH,-CH,- COOH Propionicacid Milk (Greek, propion)
CH,-CH,- CH,- COCH Butyric acid Butter (Latin, butyrum)
CH,-CH,-CH,-CH,- COOH Caproicacid Goat (Latin, caper)

b Branched chain and substituted carboxylic acids

In common naming system, the branched chain and substituted acids are named as
derivativesof straight chain carboxylic acids. Inthiscase, the position of thesidechainor
substituentsisindicated by Greek letters, o, B, v, 0... for designating the 1%, 2, 3, ..
position of carbon atomsas shown below:

O

YR o
—-C-C-C-C-OH
4 3 2

a QO
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Example 6.4

Writethecommon namesfor:

B a (0}
a CH3—|CH—|CH—COOH b CH3—C|:H—COOH
CH, CH, Br

Solution:

a Itismonocaroxylic acidthat consistsof four carbon atoms. So, itiscommon
nameisbutyric acid. In addition to this, two methyl groups are attached to
o-and B-positon carbon atomsin the structure. Now, the complete common
nameisa, 3-dimethylbutyricacid.

b Similarly, thegivenacid containsthree carbon atoms. Hence, thecommon name
ispropionic acid. Next, the position of bromo group , which isattached to
o-carbon atom in the structure. This gives the complete common name as
o-bromopropionicacid.

¢ Dicarboxylic acids

Dicarboxylic acidsal so possess common nameswhich are based on their sources. Table
6.2 listscommon names of someof themost important dicarboxylic acids.

Table 6.2 Common names of some dicarboxylic acids

Structure Common name
HOOC-COOH Oxalicacid
HOOC-CH,-COOH Malonicacid
HOOC-CH,-CH,-COOH Succinic acid
HOOC-CH,~-CH,-CH,-COOH Glutaric acid
HOOC-CH,~CH,-CH,-CH,-COOH Adipicacid
HOOC-CH,~CH,~CH,-CH,-CH,-COOH Pimelicacid

d Aromatic carboxylic acids

Compoundswhich haveacarboxyl group directly attachedtoanarométicring areclassified
asaromatic carboxylic acids. Thesmplest aromatic carboxylic acid hasacarboxyl group
attached to benzenering anditscommon nameisbenzoic acid.
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@)
Il

C-OH o
©/ Benzoicacid

Incommon naming system, thenameof substituted aromatic acidsarewritten by prefixing
thenames of subgtitutes. The position of the substituent isindicated by the prefixesortho
(o), meta(m-), para(p-) asitisshowninthestructure below.

D
C-OH
A/ortho
meta
T
para
Example 6.5
1. Writethecommon namefor:
COOH
CH,
Solution:
Sincethemethyl groupisattached to ortho- position, thenthel UPAC namebecomes
o-methylbenzoicacid.

2. Writethestructurefor p-chlorobenzoic acid.
Solution:

Thestructure of benzoic acid with chloro group attached to para positionis:

COOH

Cl
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Exercise 6.2

1.  Writethecommon namesfor thefollowing carboxylic acids:

CH,—CH—CH—-COOH
a | b COOH —CH,~CH,— COOH
Cl Br

2. Writethestructuresof carboxylic acidsfrom the given common names:

a Acdicacid b Ethanedioicacid c P-Bromobutyricacid

il TUPAC namesof carboxlicacids
a Sraight chain monocarboxylic acid
According to IPUAC system, monocarboxylic acidsare named asalkanoic acids. The

longest chain of carbon atoms contai ning the carboxyl group isselected and thenameis
derived from the corresponding alkane by replacing thesuffix *—&” with “—oicacid”.

Example 6.6
1. WiritethelPUAC namesfor:

a H-COOH b CH,~COOH
Solution:

a Thelongest chain containsonly onecarbon atom. The corresponding alkane
nameismethane. Now, wedrop thesuffix ‘—” and replaceit by *“—oicacid”
s0, the compl ete | PUA C name becomes methanoic acid.

H-COOH Methanoic acid

b Similarly, thelongest chaininthestructureisderived formand alkanewithtwo
carbon atomscalled ethane. Now, when we drop the suffix *“—€” and replace
itwith*—oic” acid, we get the complete | PUAC nameof ethanoic acid.

CH,~COCH Ethanoicacid
2.  Writethestructure of

a Propanoicacid b Butanoicacid
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Solution:
a Monocarboxylic acid with three carbon atomsiscalled propanoic acid.
CH_,—CH,~COOH Propanoicacid

b Butanoicacidis|PUAC namegivento moncarboxylic acid with four carbon
atoms.

CH,CH,-CH,-COOH  Butanoicacid

Table6.3listsIUPAC namesfor thefirst six monocarboxylic acids.

Table 6.3 IUPAC names of some monocarboxylic acids

Structure IUPAC Name
HCOOH Methanoic acid
CH,COOH Ethanoicacid
CH,CH,COOH Propanoic acid
CH3(CH2)2COOH Butanoicacid
CH3(CH2)3COOH Pentanoic acid
CH3(CH2)4COOH Hexanoic acid

b Branched chain and substituted monocarboxylic acids

InITUPAC system, the positionsof the substitutesareindicated by Arabicnumerasas, 2,
3. Thenumbering of the chain startsfrom the carboxyl carbonanditisalwasy assigned
C-1position. Notethat C-2 positioninthe | UPA C system correspondsto the o-position
inthecommon naming system.
0]

3 2 1 | |

5 4 <— |UPAC System
6C —VC _BC —QC -C-0OH

<— Common System

Example 6.7
1. WritethelUPAC namesfor:

a CH~CH(CH)-COOH b CH,~CH(CI)-CH(CH,)-COOH
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Solution:

a  Thecarboxylicacid given containsthree carbon atomswhich makes|UPAC
nameto be propanoic acid. Thereisal so methyl group attached to the 2™
carbon atom, so the substituent is 2-methyl. Thus, the complete [lUPAC
nameis2-methylpropanoicacid.

CH,~CH(CH,)-COOH 2-Methylpropanoic acid

b  Thelongest chaininthestructureconsistsof four carbonatomsand thisgives
|UPAC nameof butanoic acid. Thechloro group (—Cl) isattached to the 3
carbon atom and the methyl groupislocated at the 2™ carbon atom. Based
on the alphabetical order, these substituents are arranged as 3-chloro-2-
methyl. Finally, thecomplete | UPAC name of thisacid becomes3-chloro-
2-methyl butanoicacid.

CH,-CH(CI)-CH(CH,)-COOH 3-Chloro-2-Methylbutanoic acid

¢ Dicarboxylic acids

InlUPAC system, dicarboxylic acidsare named as al kanedioi c acids. Thesenamesare
obtained by replacing the suffix **—€ inthe name of corresponding alkaneby **—dioic
acid”.

Example 6.8
1.  WritethelUPAC namefor:
HOOC-CH,—CH_—COOH
Solution:
Thisdicarboxylic acid containsfour carbon atoms. The nameof thecorresponding
alkaneisbutane. Now, the suffix **—€" isreplaced by “—dioicacid” . Thisgives
the complete [UPA C nameof butanedioic acid.
HOOC-CH_—CH_—-COOH Butanedioic acid
2. Wiritethestructure of propanedioic acid.

Propanedioic acidrefersto lUPAC nameof dicarboxylic acid that containsthree
carbon atoms. Hence, the structureiswritten as shown bel ow:

HOOC-CH,-COOH Propanedioic acid
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Table6.4liststhelUPAC namesof thefirst six dicarboxylic acids.

Table 6.4 IUPAC names of dicarboxylic acids

Structure IUPAC Name
HOOC - COOH Ethanedioic acid
HOOC - CH,- COOH Propane dioic acid
HOOC - (CH,), - COOH Butane dioic acid
HOOC - (CH,), - COOH Pentane dioic acid
HOOC - (CH,), - COOH Hexane dioicacid
HOOC - (CH,), - COOH Heptanes dioic acid

d Aromatic carboxylic acids
Accordingto lUPAC system, aromatic carboxylic acidsare named asbenzenecarboxylic

acids.
COOH

Benzenecarboxylicacid

Theposition of the substitutesisindicated by theArabic numerals 1, 2, 3,...starting with
aromatic carbon bearing carboxy! group asC-1 and it isshowninthe structure bel ow.

COOH
1
6, 2
5 3
4
Example 6.9
1. WritethelUPAC namefor:
COOH
1
6 2
3
5
X NO,
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Solution:

1. Thenitrogroup (-NO,) isattached to the 3* carbon of thearomatic ring. Hence,
the complete | UPA C name becomes 3-nitrobenzenecarboxylic acid.

2. Wiritethestructurefor 2-chloro-4-methylbenzenecarboxylic acid.
Solution:

We have two substitunts, chloro group (—Cl) attached to the 2™ carbon atom and
methyl group (-CH,) to the4" carbon atom. So, thestructureof thisaromatic carboxylic
acidis:

COOH

Ao Cl

3 2-Chloro-4-methylbenzene carboxylic acid

4
CH,

Exercise 6.3
1. WritethelUPAC namesfor thefollowing carboxylic acids:

a CH,— CH — CH,— COOH
CH,
b Br—CH,—CH,—CH,—CH,— COOH
C CH,— ?H — COOH
OH
d CH3—(|3H —(|3H —CH,— COCOH
Br Cl

327
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COOH
OH

NH,

COOCH

2. Draw thestructuresof thefollowing carboxylic acids:
a  2,3-Dichloropropanoicacid
b  4-Methylbenzoicacid
¢  2-Fluorobutanoicacid

d  4-Hydroxy-2-bromobenzoic acid.

6.1.2 Physical Properties of Carboxylic Acids

Form a group and discuss the following:

1. The solubility of monocarboxylic acids in water decreases with increase in molecular
mass.

2. The higher monocarboxylic acids are almost odourless.

3. Should the alcohols possess higher or lower boiling points than that of monocarboxylic
acids of comparable molar masses?

Share your ideas with the class.

1. Sate

Thelower aliphatic acidscontaining upto 9 carbon atomsareliquids, whereasthe higher
members are colourlesswaxy solids. Benzoic acid and most of itsderivativesare also
colourlesssolids.
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2. Odour

Theodoursof thelower diphatic acids progressfrom sharp, irritating odour of methanoic
acid and ethanoic acidsto the distinctly unpleasant odour of the butanoic, pentanoic and
hexanoic acids. Thehigher acidshavelittle odour because of their low voltility.

3. Boailing Point

Carboxylic acidshavehigher boiling pointsthan a coholsof thesimilar size. For example,
ethanoic acid (CH,COOH) boilsat 118°C whilethe alcohol of comparable molecular
mass, propan-1-ol (CH,CH,CH,OH) boilsat 97.2°C. The higher boiling points of the
carboxylic acidsare also caused by hydrogen bonding between two moleculesof acidto

produceadimer. The—OH and ~C =0 groups of one acid molecule form hydrogen

bondingwith > = 0O and—OH groupsof another molecule. Figure 6.1 showsthestructure

of two carboxylic acidswith two intermol ecular H-bonds between them.

Hydrogen bonding
(6) i I§|—CSS Carboxylic acid
o R
Carboxylic acid ¢
VRN |
R O—H (@)
s & 1 &
Hydrogen bonding

Figure 6.1 Carboxylic acid dimer.

Theformation of adimer immedatdly doublesthe size of themoleculeand soincreasesthe
Van der Waal sdispers on forces between one of thesedimersand itsneighboursresulting
inahighboailing point.

4. Solubility

Inthe presence of water, the carboxylic acidsdo not dimerize. Instead, hydrogen bonds
areformed between water moleculesand individual moleculesof acid. Carboxylic acids
up to four carbon atoms mix well with water in any proportion. The solubility in water
decreaseswith theincreasing molecular massand higher acidsarealmost insoluble. The
carboxylic acids dissolve in water due to formation of hydrogen bonding with water
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molecules. The higher carboxylic acidsareinsolublein water because of thedecreasein
the hydrogen bonding with water molecules ashydrocarbonincreases (Figure 6.2).

Water
e

e
5 ] )
o) H/\Hl
I

C 8 .
- - H Carboxylic acid
& 5
R/ \O—H O/ vee . R
Carboxylic acid t \|§| o=¢
5 &
N

Figure 6.2 Formation of hydrogen bonding between carboxylic acids and water molecules.

Among thearomatic acids, benzoic acid issparingly solublein water at room temperature,
although the solubility ismorein hot water. However, all carboxylic acidsare solublein
organic solventslikeal cohol, ether, benzeneetc.

Theboiling points, melting points and solubilities of some carboxylic acidsaregivenin
Table6.5.

Table 6.5 Physical constants of some carboxylic acids

Structure IUPAC Name Boiling point Solubility,
°C g/100mL
H,0 at 25°C
HCOOH Methanoic acid 100.5 oo
CH,COOH Ethanoicacid 118 oo
CH,CH,COOH Propanoic acid 141 oo¥
CH,(CH,),CO0H Butanoic acid 164 oo*
CH,(CH,),COOH Pentanoic acid 187 4.97
CH3(CH2)4COOH Hexanoic acid 205 1.08
CH,(CH,),COOH Heptanoic acid 223 —
CH,(CH,),COOH Octanoicacid 239 0.07
CH3(CH2)7COOH Nonanoic acid 253 —
CH,(CH,),COCH Decanoic acid 269 0.015

oo* meansmisciblein all proportions.
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Exercise 6.4
1. Arrangethefollowing aiphatic carboxylic acidsin the decreasing order of boiling
point:
a butanoicacid c octanoicacid
decanoic acid d propanoicacid

2. Whichaliphatic carboxylicacidismost solublein water?
a heptanoicacid ¢ ethanoicacid
b hexanoicacid d pentanoicacid

3. Whichaliphatic carboxylic acid hasthelowest boiling point?
a pentanoicacid ¢ hexanoicacid
b methanoicacid d propanoicacid

4. Arrangeinorder of increasing boiling point:

aCH, ¢ C,H,OH
Pentane Butanol

b C,H.COOH d CH,(CH,),COOH
Propanoic acid Hexanoic acid

6.1.3 Chemical Properties of Carboxylic Acids

Form a group and perform the following:

Take 400 mL beaker and fill it with water to 2/3 level. Add 2 spoons of sodium
bicarbonate and dissolve it. Then add few drops of litmus solution and 4-5 naphthalene
balls. Now add benzoic acid, a pinch at a time and observe carefully. Explain the
observations and discuss in the class.

The carboxylic acidsshow reactionsdueto theakyl or aryl group and the carboxyl group.
The carboxy! group isfurther considered to be made up of acarbonyl and ahydroxyl
group. All these groups modify the propertiesof each other duetotheir interaction. Some
of thecommon reactionsof carboxylic acidsare:
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i) Reaction as an acid

In aqueous solution, the cleavage of O—H bond occurs leading to the formation
of carboxylate ion and hydronium ion. Carboxylic acids ionize partially and an
equilibrium exists between the ionized and un-ionized forms.
i I
R-C-OH+H,0 — R-C-0 + H,0'

Carboxylate Hydronium
ion ion

Carboxylic acids are weak acids and dissociates slightly. The following are examples
of reactions of carboxylic acids as an acid.

a  Reaction with metals : Carboxylic acids react with active metals such as Na,
K, Mg, Ca etc. to form salts and hydrogen gas.
0] 0]

2R-C-OH+2Na = 2R-C-O Na +H,

The salts of carboxylic acids are named by writing the name of the metal first, followed
by the name of the acid replacing the ending -ic acid by -ate.

For example, sodium reacts with ethanoic acid to form sodium ethanoate and
hydrogen.

2CH,- COOH + 2Na — 2CH,-COO Na' +H,

b Reaction with Bases : Carboxylic acids react with strong bases like sodium

hydroxide or potassium hydroxide to form the corresponding salts and water.
O )

R-C-OH + NaOH = R-C-0O Na' +H,0

Reaction with base is a simple neutralization reaction. Carboxylic acids react with
weak bases like carbonates or bicarbonates to form salt, water and carbon dioxide.

I i
2R-C-OH + Na,CO, = 2R-C-0O Na' + H,0 + CO,

I i
R-C-OH + NaHCO, — R-C-0O Na  + H,0 +CO,
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They dso react withammoniato form ammonium saltsof carboxylic acids.
I i
R-C-OH+NH, = R-C-O NH;

Example 6.10

Write the chemical equationsfor the reaction between ethanoic acid and each of the
following reagentsand writethe names of the productsformed:

a KOH b Na,CO, ¢ NH
Solution:

3

I i
a CH,—~C-OH+KOH——>CH,-C-0K"+H,0
Potassium ethanoate

i 0
b 2CH3 —C-0H+ Na2C03—> 2CH3 —-C-ONa + H,O + CO,
Sodium ethanoate

I I
¢ CH,-C-OH+NH, —>CH,-C-0 NH,

Ammonium ethanoate

i)  Formationof Esters: Oneof theimportant reactionsof carboxylic acidsinvolvesthe
replacement of —OH group by an alkoxy group to form estersasproducts. Inthis

reaction, carboxylic acids are heated with al cohol sin the presence of concentrated
sulphuric acid. Thereactioniscalled esterification.

O @)

I H,SO, I
R-C- OH + H- O—-R' R-C-O-R'+H,0
Carboxylic acid Alcohol Ester
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Form a group and discuss the reason why ‘tella’ or ‘tej’ turn sour when kept for longer
time?

After the discussion, share your ideas with the rest of the class.

6.1.4 Preparation of Carboxylic Acids

One of theimportant methodsfor preparation of carboxylic acidsis oxidation. Many
saturated monocarboxylic acidsare obtained by the oxidation of the corresponding primary
a coholswhereasaromati ¢ acids are obtai ned from the corresponding alkylbenzenes.

1) Oxidation of Primary Alcohols: The primary alcoholsarereadily oxidized to the
corresponding carboxylic acids by their reaction with common oxidizing agentslike
potass um permanganate or potassium dichromate. The oxidation can also becarried
out by passing the vapoursof primary alcoholsthrough copper (I1) oxide.

@)
KMnO, I
R-CH,~OH — % R-C-OH

For example, oxidation of ethanol yieldsacetic acid (ethanoic acid).

O
KMnO, [l
CH,-CH,-OH —» CH,-C-OH

i) Oxidationof Alkylbenzenes Aromatic compoundscontaining alkyl group assubstituent
undergo oxidationtoformarometic acids. Thereactioninvolvesoxidationwith potassum
permanaganate or potass um dichromate under vigorous conditions. Thealkyl group
isoxidised to carboxy! group irrespective of its size. For example, toluene and
ethylbenzene, both give benzoic acid onrefluxing with KMnO, inakaline medium.

N
CH, C-OH
KMnO,
_—>
heat

Toluene Benzoic acid
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O
I
CH,—CH, C-OH
KMnQ,
heat
Ethylbenzene Benzoic acid

i11) Preparation of aceticacid (Ethanoic acid) : Aceticacidisoneof theimportant carboxylic
acidswhich isused asfood preservative. It can be prepared in laboratory by the
oxidation of ethanol with potassium permanganate. It can a so be obtained by passing
thevapours of ethanol through copper oxide asdescribed in Experiment 6.1.

Experiment 6.1

Laboratory Preparation of Acetic Acid
Objective: To prepare acetic acid in the laboratory by oxidation of ethanol.
Apparatus. Goggles, test tubes, test tube rack, quickfit apparatus, 250 mL begker,
pipettes, Bunsen burner, stand, clamp, tripod, wire gauze, digital
balance, blue litmus paper, broken porcelain pieces.

Chemicals. Ethanol, sodium dichromate, 1 M sulphuric acid, 0.5 M sodium
carbonate solution, blue litmus paper.

Procedure

Oxidation of ethanol to ethanoic acid

1. Set up the Quickfit apparatus for refluxing as shown in Figure 6.3.

2. Placeabout 10mL of 1 M sulphuric acid into the 250 mL round-bottom flask.

3. Add 2-3 g of sodium dichromate (Na,Cr,O.) and afew pieces of broken
porcelain. Swirl the contents of the flask until the solution iscomplete (warm if
necessary).

Cool the mixture under a running tap.
Add 1 mL of ethanol dropwise into the flask.
Boil under reflux for 20 minutes and distil 2-3 mL of the liquid.
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7. Notice the smell of the product (distilled liquid) and compare it with that
of ethanol.

8. Add a few drops of the distilled liquid to a small amount of solid
sodium carbonate.

9. Add a drop of the distilled liquid to moistened blue litmus paper.

Observation and analysis

1. What happened to the colour of the solution in the flask?

2. What is the role of sodium dichromate in the above reaction? Is it oxidized
or reduced?
Write the chemical equation for this reaction.

4.  What do you conclude from this experiment?

Thermometer

Water outlet

Stand

Condenser

Clamp

Water inlet

Wire gauze
Receiver

Bunsen burner

Figure 6.3 Laboratory setup for preparation of acetic acid.
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Large quantities of acetic acid is obtained in industry from fermentation of ethanol. The
processis known as Quick Vinegar Fermentation Process. In the process large wooden
vats (Figure 6.4) are used which have a perforated bottom. They are packed with wood
shavings moistened with old vinegar. Ethanol solution is poured from the top and trickles
down dowly to the perforated bottom. From the lower portion, air is pumped in the vat.
The bacteria present in old vinegar, ferment the ethanol into acetic acid. The liquor
obtained at the bottom is recircul ated through the tower. The maximum concentration
of acetic acid obtained by this process is about 10%, which can be fractionated to yield
glacial acetic acid.

Air Outlet

Wood
Shavings

Air Inlet

Perforated
Bottom

Vinegar

Figure 6.4 Industrial preparation of acetic acid.

6.1.5 Fatty Acids

Form a group and discuss the following question. After the discussion, share your idea
with the rest of the class.

1. What are fatty acids and why are they named so?

2. Give some examples of fatty acids.
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Fatty acidsareacarboxylic acidswith along hydrocarbon chains. Fatty acidsarefoundin
all cells. The hydrocarbon chainsof animal faity acidsare more saturated than those of
vegetableorigin. With only afew exceptions, thefatty acidsaredl sraight-chain compounds.
Most fatty acidscontain an even number of carbon atoms.

Fatty acidsthat do not contain carbon-carbon double bonds aretermed as saturated fatty
acids, and thosethat contain one or more doublebondsare called unsaturated fatty acids.
Whenthereisonly onedoublebond, itisusualy between the ninth and tenth carbon atoms
in the chain. Some common fatty acids present in different fatsand oils are listed in
Table6.6.

Table 6.6 Examples of naturally occurring saturated fatty acids

Name Formula

Lauric acid CH3(CH2)1OCOOH
Myristic acid CH,(CH,),,COOH
Palmitic acid CH,(CH,),,COOH
Stearicacid CH3(CH2)16COOH
Arachidicacid CH,(CH,),,COOH

6.1.6 Uses of Carboxylic Acids

Acetic acid isused asasolvent and asastarting material inthe preparation of acetates,
aceticanhydride, etc. Itisalso used to preparethevinyl acetate polymer whichisusedin
paints and adhesives. Vinegar contains about 8-10 % acetic acid whichisused in many
food items. Aspirin, the common painkiller, is prepared by thereaction of salicylicacid
(2-hydroxylbenzoic acid) with acetic anhydride.

OH ﬁ ﬁ ., HC-C-0 ﬁ
H
C-OH + CH,- CO-O-CO-CH, — C — OH + CH{OOH

Acetylsaicylic acid
(Aspirin)
Carboxylicacidsarevery important, indudtrialy. Perhgpsoneof themostimportant industria
applicationsof long chain carboxylic acidisfor making soaps, detergents, and shampoos.
Carboxylic acidsarea soimportant in the manufacture of greases, crayons, and plastics.

Salicylic acid
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They are used commerically asraw materialsfor the production of synthetic odorsand
flavors.

6.2 ESTERS

At the end of this section, you should be able to:

* listcommon sourcesof esters;

» writethegenerd structural formulaof esters;

» writethemolecular formulasand namesof somesimpleesters,
» describethephysical propertiesof esters,

» explainthechemical propertiesof esters;

» explainthegenera methodsof preparation of esters; and

» describe some common uses of esters

6.2.1 Sources of Esters

Form a group and discuss the following:
Why do some fruits and flowers have pleasant odours?

Share your ideas with the rest of the class.

Egtersareamong themost widely occurring compoundsin nature. Many estersare pleasant-
smelling substances and are responsiblefor the flavor and fragrance of many fruitsfor
example, apples, pears, banana, pineapple, strawberry, etc. Oils, fatsand waxes of plants
or animal originareall esters. Many estersarefound in flowersal so and form the part of
essentia oilsobtained fromflowers.

6.2.2 Structure and Nomenclature of Esters

Estersarederivativesof carboxylic acidsinwhich the hydroxyl group of carboxylic acid
has been replaced by an a koxy group. Esters can a so beformed by the reaction between
acid anhydridesand phenols. In such cases, the hydroxyl groupisreplaced by an alkoxy

group.




- CHEMISTRY GRADE 11

Esterscan berepresented by the general formula

0
I

R-C-0-R

where R = hydrogen, alkyl or anaryl group and R” = alkyl or an aryl group.

Estersare named by the common system aswell asby IUPAC system. In both the cases,
thename consistsof two parts. Thefirst part isnamed on the basi s of the portion coming
from a cohol and the second part of the nameishbased ontheportionfromacid. Therefore,
itisnecessary toidentify first the portions coming from a cohol and carboxylic acid.

+H-0-R > -0O-FR
Carboxylic acid Alcohal Acid portion Alcohol
portion

Theabovereaction showsthat the portion coming from a cohol isattached to the oxygen
asalkyl group, and the acid portion is attached to the oxygen through carbonyl group.
Whilewriting thenameof an ester, first thenameof akyl groupiswrittenfirst followed by
the name of the acid by replacing -ic acid with -ate. When we use the common name of
carboxylic acid, the name of the ester isacommon name, and when [UPAC name of the
acidisused, weget IUPAC namefor ester. For illustration, consider the ester formed from
ethyl acohol and methanoic acid.

I
H-C-0-CH,-CH,

Thecommon namefor thisester isethyl formate, and thel UPAC nameisethyl methanoate.
Theformulaeand namesof someestersarelistedin Table6.7.
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Table 6.7 Names and formulae of some common esters

Molecular Structural Common IUPAC
Formula Formula Name Name
(0]
COnls | Methyl acetate Methyl ethanoate
CH, - C - O - CH,
(0]
SO, | Ethyl formate Ethyl methanoate

H-C-0-CH,- CH,

(0]
C,0,H,q I Ethyl acetate Ethyl ethanoate
CH,- C - O - CH, - CH,
0]
C,0,H,g I Propyl formate Propyl methanoate
H-C-0-CH, - CH, - CH,
o]
CLORL, I Propyl acetate Propyl ethanoate

CH,- C- O - CH, - CH, - CH,

Notethat inthegiven Table 6.7 molecular formulacan represent morethan one structure.
For example, methyl ethanoate and ethyl methanoate have the same molecular formula,
C,O,H,. Smilarly, ethyl ethanoateand propyl methanoate havethesamemolecular formula

Exercise 6.5
1. Namethefollowing esters.
o)
O [
| C - 0 - CH,
aH - C - O - CH,CH,CH, C@/
0 o)

Il I
b CH,-C -0 dcn—g-cn—g-c-o@
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2. Writethestructure of thefollowing esters:
a lsopropyl methanoate b Ethyl propanoate

6.2.3 Physical Properties of Esters

Activity 6.8

Form a group and discuss the following questions. After the discussion, share your ideas

with the rest of the class.

1. Do you expect esters to have lower or higher boiling points compared to carboxylic

acids of comparable molecular mass?

2. Do you expect esters to have lower or higher boiling points compared to alcohols of

comparable molecular mass?

i) Odour

In sharp contrast to the disagreeable odours of carboxylic acids, esters have pleasant
odour. The odour of many fruitsand flowersresult from mixturesof carboxylic esters, and
many of them are used in perfumesand food flavoring.

i) Boiling points
Theboailing pointsof estersincreasewith increasing molecular mass. Branched-chain esters
havelower boiling pointsthan their straight-chainisomers. Estershavelower boiling points

than carboxylic acidsand al cohols of comparable molecular mass. Thisis because ester
molecules cannot form hydrogen bondswith each other.

iii)  Solubility

Estersof low molecular massarefairly solubleinwater. Since carboxylic esterscanform
hydrogen bonding withwater (Figure6.5), itisnot surprising that their solubility inwater is
about the sameasthat of carboxylic acidsof the same molecular mass. The solubility of

estersinwater decreaseswithincreasing molecular mass. All estersare solublein organic
solvents.
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Water R
& + + - /
i E
/S N\E
R \O—R
Ester g/

Water

Hs

Figure 6.5 Hydrogen bonding between ester and water molecule.

6.2.4 Chemical Properties of esters

Form a group and discuss the following questions. After the discussion, share your ideas
with the rest of the class.

1. What would happen when esters are treated with water?

2. Recall the reactants that form esters. What was the by-product of the condensation
reaction?

i) Hydrolysis

Oneof themost important reactionsof estersistheir hydrolys's, whichyieldscorresponding
carboxylic acidsand a cohols. The hydrolysisreaction is speeded up in presence of a
minera acidwhich act ascatalyst in thisreaction.

Thegenera reactionfor acid-catalyzed hydrolysisof esterscan bewritten as:

O @)
I H,0" I
R-C-O-R + HHO — R-C-0O-H + R -OH
Example 6.11
Write an equation showing the acid-catalyzed hydrolysis of methyl benzoate.
O
O

I
lcl; H,0’ Sg
Solution: ©/ \O/CI_|3 T ©/ + CH,OH

Methyl benzoate Benzoic acid Methanol
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Estersa so undergo base-catdyzed hydrolyssto givesdtsof carboxylic acidsand alcohols.
Base-catalyzed ester hydrolysisiscalled saponification. Sodium hydroxideor potassium
hydroxidearethebasesgenerdly used for hydrolysis. For synthetic purpose, basecatalysis
isoften preferred, becausethereactionisnot reversible.

Thegenera reaction for base-catalyzed hydrolysisof esters:
I I
R-C-O-R +NaOH —— R-C-ONa +R —OH

Example 6.12

Write an equation showing the base-catdyzed hydrolysisof methyl octadecanoate.

O
|
CH,(CH,),,C—OCH,
Solution:

O O

I I
CH,(CH,),,C—OCH, + NaOH — CH,(CH,) .C—O Na" + CH,OH

Inbiological systems, many ester hydrolysisreactionstake place, for example, inthe
digestion of fats. Thesereactionsoccur under very mild conditions, and inthe presence of
certainbiologica cataystsknown asenzymes.

i) Reduction

Estersarereduced to primary acoholsby specia reducing agentslikelithium aluminium
hydride, LiIAIH,. Thegeneral reactionfor reduction of estersisgivenby:

@)
I 1. LiAIH,
R-C-O-RR ——> R-CH,-OH +R' —OH
2. H
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Example 6.13
Write an equati on showing the reduction of methyl pentanoate.
o}
: Il 1. LiAIH,
Solution: CH,CH,CH,CH,~C-O-CH, o CH,CH,CH,CH,CH,OH + CH,OH
Methyl pentanoate ’ 1-Pentanol M ethanol

6.2.5 Preparation of Esters

Esters can be synthesized by heating amixture of acarboxylic acid and an acohol inthe
presence of an acid catalyst suchasH,SO,. Thisreactioniscalled esterificationandisa
common method for the preparation of esters.

O X O
N +H-o-rR _" M + H,0
R |O-H R O-R
Carboxylic acid Alcohol Ester

Inthiscondensation reaction, the hydroxyl group (-OH) from the acid and ahydrogen
atom (—H) fromthea cohol areeliminated in theform of water, asindicated by the dotted
rectangleinthe abovereaction.

Example 6.14
Writean equation showing the preparation of methyl ethanoate from methanol and
ethanoicacid.
Solution:
O O
CH,~C-OH + CH,~OH ——— CH,~C — O —CH,+H,0
Ethanoic acid M ethanol Methyl ethanoate
Exercise 6.6

Writethereactionsfor the preparation of each of thefollowing estersusing appropriate
acidsand acohols:

a Ethyl acetate c Methyl benzoate
b Ethyl butanoate d Phenyl ethanoate
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6.2.6 Uses

Estershave numerous uses as sol vents, medicines, clothing (e.g. polysters), fragrancesin
perfumes, and plasticizers(e.g. octyl phthaate).

Most estersof small acidsand a coholsare non-corrosive, non-toxic liquidswith good
propertiesfor use as solvents. Estersare used as solventsfor oilsand fats, nail polishes,
varnishes, paints, gumsand resins. Because of their pleasant fruity smells, estersareused
inmaking artificial flavoursand perfumes. Tabl e 6.8 depi ctssame common fruitsand the
estersresponsiblefor their flabours (seeaso Figure 6.6).

Table 6.8 Some common fruits and the esters responsible for their flavour

Fruit Ester present
Apple Ethylisovalerate
Pineapple Methyl butanoate and Ethyl butanoate
Banana Isopentyl acetate
Orange Octyl acetate

Apple

Oranges
Pineapple Bananas

Figure 6.6 Some fruits containing ester.

6.3 FATS AND OILS

At the end of this section, you should be able to:
* definefatsandoails;
» writethegenera structural formulafor fatsand ails;
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» present the structuresof some common trigycerides,

» describephysical propertiesof fatsand ails;

» explainthehardening of oils(processof converting oilsto hard fats);
* explanrancidity;

* define soap and detergent;

* explansaponification;

e preparesoap; and

» explainthecleaning action of soaps.

6.3.1 Source and Structure of Fats and Oils

Activity 6.10

Form a group and perform the following activity:

Collect samples of butter, lard, tallow, peanut oil, soyabean oil and olive oil. Classify them
according to vegetable or animal origin and according to their physical state. Do you find

any relation between their source and the physical state?

Share your ideas with the rest of the class.

Fats and oils belong to a class of biomolecules called lipids. They are triesters of
glycerol which are collectivity known as triglycerides or triacylglycerols.

The distinction between a fat and an oil depends on their physical states. If the
substance is solid or semisolid at ordinary temperature, it istermed asafat and if it is
fluid, it is caled an ail.

Fats and oils are widdy found in nature especidly in living things. Animd fats and oils
are derived both from terrestrial (land) and marine (water) animals. Marine fats
include liver oils, blubber ails, and fish ails.

Vegetable fats and oils are found in greatest abundance in fruits and seeds. While fats
and oils occur in the roots, stalks, branches and leaves of plants.

Structure of Fats and Oils

Fats and oils are triesters. Variation in the structure of fats and oils occur in the fatty
acid portion of the triglyceride (or triacylglycerol).
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Fats and oils are represented by the following genera structural formula:

Il
HC-O0-C-R H,C-OH

| @)
[
H-C-0-C-R H-C — OH
H2C_O_|(|:_R3 HZC—OH
@)
A triglyceride (triacylglycerol) Glycerol

Where R, R, and R, may be the same or different hydrocarbon groups.

Fats are esters of glycerol and mostly saturated fatty acids and oils are liquid esters
primarily derived from unsaturated fatty acids and glycerol. The acid part of fats and
oils almost always contain on even number of carbon atoms.

The structures of some common triglycerides are shown below:

n 0
H,C-0-C—(CH,) CH, HC-0-C-C_H_
9 9
HC-0-C—(CH,) CH, H(|:—O—C—C17H33
H,C~0-C—(CH),CH, HC-0-C—C H,
@) O
Glyceryl tristearate (stearin) fat Glyceryl trioleate (olein) oil
Exercise 6.7

Write the structure of:

(@ Glyceryl trimyrigate
(b) Glyceryl pamitooleostreste
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Someof thecommerciay availablevegetableoilsareshownin Figure6.7.

Figure 6.7 Some vegetable oils.

6.3.2 Physical Properties of Fats and Oils

From a group and compare vegetable oils with mineral oils. Do they behave in similiar
fashion? Explain.

Share your ideas with the rest of the class.

Thecommon physical propertiesof fatsand oilsarethat; they are greasy to thetouch, and

havelubricating properties, they arenot readily volatile; and may be burned without leaving
any residue, that is, ash.

Fatslikebutter, lard and tall ow are solids at room temperature. Onthe other hand, oilsare
mainly obtained from plants, e.g., corn ail, peanut oil, cotton seed ail, oliveoil and soyabean
oil which areliquidsat room temperature. All oilsand fats are colourless, odourlessand
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neutral substancesin pure state. They arelighter than water andimmisciblewithit. They
aresolublein organic solventse.g. benzene, ether and chloroform etc.

6.3.3 Hardening of Oils

Form a group and classify the given fatty acids as saturated or unsaturated fatty acids:

Myristic acid, oleic acid, linolic acid, lauric acid, palmitic acid, linolenic acid and stearic acid.

Saturated fatty acids Unsaturated fatty acids

Can you suggest a method of converting unsaturated fatty acids to saturated fatty acids.

Present your findings to the class.

Oils can be converted to fats by addition of hydrogen (hydrogenation) at high pressure
in presence of nickel or palladium as catalyst. This process of converting oilsto hard
fatsis known as hardening of ails. Thisreaction isused in the preparation of margarine,

Example 6.15

A glyceryl tristearate (found in animal fat) can be prepared by hydrogenation of
glyoryl trioleate (oil found in olive oil and whole oil) is shown in the equation
below

i it

HC-0-C-CH,_ HC-0-C-CH,_
| 0 | o)

I heat I
H(|3—O—C—C17H33 +3H, — H(l:—O—C—C17H35
HC-0-C-C H, HC-0-C-C H,

o) o)

Glyceryl trioleate Glyceryl tristearate
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Exercise 6.8
Write the equation for the hydrogenation of:

(@ Glyceryl pamitooleostreate, and
(b) Glyceryl trimyristate

6.3.4 Rancidity

Form a group and perform the following activity:

Obtain two packets of fried potato chips from the market. Open one packet and smell it.
Now place half the contents in a close tight container and other half in an open container.
Let the second packet be kept as such. After 15 days, smell the chips kept in the open
container, closed container and sealed packet. Record your observations and find out what
is the best method to keep such items.

Share your findings with the class.

Fatsand oilsare quite reactive substances. When stored for any considerablelength of
time, especially when thetemperatureishigh and the air hasfree accessto them, they
deteriorate and spoil. Among thevariousfats, spoilagetakestheform of rancidity.

Fatsand oilsdevel op an unpleasant odour dueto rancidity. It iscaused mainly duetothe
hydrolysisof ester linkage and oxidation acrossthe double bonds. Inthisrespect, different
fatsdiffer markedly. Some spoil very much morerapidly than others. Thefat acquiresa
peculiarly disagreeable odor and flavor.

Therancidity of agiven fat isnot necessarily theresult of long storage under unfavorable
conditions. Thefat may have been spoiled and rancid from themoment of its production.
Thiswill inevitably betruewhen the materia sfrom which it was produced have undergone
decomposition. In other words, to obtain asound and sweet fat, the raw materia must be
sound and swest; it must be processed speedily beforeit getstimeto decompose; and this
must be done under clean and sanitary conditions. Thefat thus obtained must be stored
under favorable conditionsand its consumption should not be delayed.




‘ CHEMISTRY GRADE 11

6.3.5 Soaps and Detergents

Activity 6.14

Form a group and collect the information regarding the substances which were used for
cleaning before the discovery of soaps. Share the information with the class.

Thecommerciay available soapsareshowninFigure6.8.

Figure 6.8 Some commercially available soaps.
1) Soaps

Soagpsaresodium or potassium saltsof long chain fatty acids. Thesearegeneraly obtained
by alkaline hydrolysisof oilsand fats. Thisprocessis called saponification. A general
reaction can bewritten asfollows:

o)
I
CH,-O0-C - R, CH, — OH
i i |
CH-O0-C-R,  +3NaOH—* 3R-C-ONa + CH-OH
. '
CH,— OH
CH,— O - C - R,
Triglyceride Soap Glyceral

Although chemically all soapsare sdtsof faity acidsbut many variationsare created when
used for specific purposes, for example colour and perfumes are added when used as
toilet soap.




CARBOXYLIC ACIDS, ESTERS, FATS AND OILS ‘

Transparent soaps are prepared by first dissolving in alcohol and then evaporating the
excess alcohol. Floating soaps are prepared by beating air before it hardens during
manufacture. Certain antibacteria substance are a so added for making medicina soaps.
Potassium salts of fatty acidsform soft soapsand are used as baby soaps.

i) Detergents

Detergentsare synthetic substanceswhich are used as substitutesto soaps. Although synthetic
detergentsvary considerably intheir chemical structure, themoleculesof dl of them have
onecommon featurewhich they sharewith ordinary soaps. They areamphipathic, havea
large non-polar hydrocarbon end that isoil-soluble and apolar end that iswater-soluble.

The C ,-C , acoholsare converted into the salts of alkyl hydrogen sulphate by treatment
withH,SO,. Theresulting alkyl sulphates, when treated with NaOH, produce adetergent,
sodiumakyl sulphate.

For example, sodium lauryl sulphate, avery common detergent is obtained from lauryl
acohol asshowninthefollowing reaction.

NaOH N
CH, (CH,),,—CH,-OH +H,S0, —» CH, - (CH,),, - CH,-0SO,;H —» CH,(CH,),, -CH,-0S0O, Na

Lauryl alcohol Lauryl hydrogen sulphate Sodium lauryl sulphate

Detergents act in essentially the same way as soap does. However, they have certain
advantages over soap. For example, the sulphatesretain their efficiency in hard water,
sincethe corresponding cal cium or magnes um saltsare soluble. Hence detergentscan be
usedin hard water. Detergents are neutral whereas soapsare basic. But, detergentsare
not without drawbacks. For example, some are not biodegradabl e, which makesthem
environmenta ly non-friendly. The new detergentsare better in being more biodegradable
than the ol der generation.

i)  Saponification (Soap-making)

Soap-making (saponification) isoneof the oldest chemical technologies. Manfirst boiled
goat tallow and wood ash to givealathering and cleansing product. Thegoat tallow contained
the needed ester, and thewood ash the necessary alkali. Chemicalswiththesamereactive
groupsarethemain raw materiasstill used in traditional and modern soap manufacture.
Remember that sgponificationisthechemical processof bresking down anester in presence

of akali toform soap.
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Experiment 6.2 || i

8.
9.

1

2
3.
4

7.

Laboratory Preparation of Soap

Objective:  To prepare soap in the laboratory by the akaline hydrolysis of fats

and ails.

Apparatus. Water-cooled condenser, 100 mL flask, Bunsen burner, Buchner funndl

ring stand, clamp, boiling chips and 400 mL beaker.

Chemicals: Animal fat (tallow) or vegetable oil, NaOH, ethanol and table salt.

Procedure:
1.

2.

Set up areflux apparatus as shown in Figure 6.9.

Place 3 mL of vegetableail or 3gof animal fat (tallow) inthe250 mL distillation
flask.

Add about 15mL of 20 % sodium hydroxide solution.

Add afew boiling chipsand connect theflask to the condenser and gently reflux
themixtureover asmall flame. Sgponification iscompletewhen ahomogeneous
solutionisobtained (in 30- 45 minutes).

Whilethe saponificationisin progress, prepare aconcentrated salt solution by
dissolving 50 g of NaCl ina150 mL of water ina400 mL beaker.

When sgponificationiscomplete, extinguish theflameand pour themixturequickly
into the saturated NaCl solution (brine).

Stir themixturethoroughly for severa minutes.
Collect the preci pitated soap on aBuchner funnel.
Wash the soap twicewith 10 mL of ice-cold distilled water.Wait until it dries.

Observations and Analysis :

What happensto theanimal fat (tallow) or vegetable dil inthisreaction?
What istherole of sodium hydroxide?

Writethe chemical reaction for thisreaction.

Wheat do you concludefromthisactivity?
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Stand
Condenser

Clamp ——

Round bottom
flask

Bunsen
burner

Figure 6.9 Laboratory set up for preparation of soap.

Iv) Cleaning Action of Soap

Molecules of soap havetwo dissimilar ends. At oneend islong carbon chainwhichis
hydrophobic or water repellant. The other end has carboxylateionwhichiswater soluble
end. So soap molecules have both polar and non-polar ends and, in addition, are big
enough for each end to display itsown solubility behaviour. Such moleculesare called
amphipathic. When they are dissolved in water, each non-polar end seeks anon-polar
environmentinlinewithruleof “likedissolveslike’. Therefore, many nonpolar endsclump
together toformthemicellesasshowninFigure6.10.
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(b) Cross section of a soap
(a) A soap micelle in water

Na' Na' ions

o o Polar “head

\ 7/
C

Non-polar
“tail"

(c) Soap micelle with
“dissolved” grease

Grease

\\

Figure 6.10 Soap molecules form micelles when “dissolved” in water.

When aclothwith spot of oil and dirt issoaked into the soap sol ution, thetiny droplets of
oil aredissolved by the hydrocarbon end inthe middle of themicelle. Dueto the outwardly

projected polar ends, these micellesdissolvein water and are washed away. In thisway
soapsact ascleaning agents.

Exercise 6.9

What saponification productswould be obtained when mixing thefollowing oilswith
NaOH?

1. Glyceryl trimyridate 2. Glyceryl pamitooleostesrate.
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Carboxylic acids are compounds with a -COOH functional group.

Because of the —COOH functional group, carboxylic acids are polar
compounds and can form hydrogen bondings with water and among
themsel ves.

The common names of carboxylic acids are based on their origins in
nature whereas their IUPAC names are created by replacing the ending
“e” of the corresponding alkane, or alkyne by “ oic acid.”

Carboxylic acids are generally prepared by the oxidation of corresponding
primary alcohols.
Esters are mildly polar compounds that are widely distributed in nature.

Esters are named according to both the common name system and the
IUPAC system.

In a laboratory, esters can be prepared from a reaction between a
carboxylic acid and an alcohol. The process requires an acid catalyst and
heating.

Fats and oils are esters of long-chain carboxylic acid with glycerol.

Soaps are sodium or potassium salts of long-chain carboxylic acids. They
can be prepared by the saponification of fats or oils, using a base (NaOH
or KOH).

One of the main difference between soaps and detergents is that the
detergents can be used in hard water, whereas soaps form scum in hard

water.

Key terms of the unit
Carboxyl group « Lipid
Carboxylic acid . Oil
Detergents - Rancidity
Ester

. onification

Esterification =P
Fat * Soaps
Hardening of oils o Triglycerides
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REVIEW EXERCISE

Match the names of the functional group in cloumn A with the structurein

column B.
Names of the Structures
functional groups
A B
(i) Carboxyl group a | |
_C —_—
(0]
(ii) Carbonyl group b | |
—C—0
0]
(iii) Ester group C ”
—C —OH
(0]
(iv) Fats and Oils d || ~
R—C—0—K
0]
I -
(v) Soaps e R—S — O Na
I
0]
(0]
I
R—C — CH,
|
R—O— CH
(vi) Detergents f |
R—C—CH,
I
(0]
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Part | : Multiple Choice Questions

1. Which of the following compounds reacts with sodium bicarbonate?

I
a CH,— CH, — OH ¢ CH,- C - O - CH,
I
b CH,- C - OH d CH, - CH, — CH,

2. The compound ‘A" when treated with methyl alcohol and few drops of H,SO,
gave fruity smell. The compound ‘A’ can be:

a toluene C propanoic acid
b ethandl d methyl ethanoate
3. The reaction between acohol and carboxylic acids is called:
a edeificaion c hydrolyss
b saponification d dehydration
4. Converson of ethanol into ethanoic acid is an example of:
a reduction c addition
b oxidetion d hydretion
5. When ‘tella is kept for some time, it becomes sour due to the formation of:
@)
a CH, - CH, - OH c CH3—(|3|—O—CH3
b HCOOH d CH,COOH
6. Toluene can be converted into benzoic acid by its reaction with:
a sodium meta C potassum permanganate
b potassum hydroxide d carbon dioxide

7. Carboxylic acids of low molecular mass are soluble in water due to:
a hydrogen bonding c dissociation into ions
b dimer formation d hydrolyss
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8. Hydrolysis reaction of fats by sodium hydroxide is known as.
a acdylation c sgonification
b carboxylation d edeificaion

9. What happens when an ester is treated with LiAIH,?
a One unit of alcohol and one unit of acid is formed.
b Two units of acohol are formed.
¢ Two units of carboxylic acid are formed.
d No reaction occurs.

10. Detergents are better than soaps because they:

a aenaurdly avallable.
b are biodegradable.
c can be used in hard water.
d All of these.

Part Il : Answer the following questions

11. Draw the structures for the following compounds:
a 3-bromobutanoic acid
b 2-hydroxy-2-methylpropanoic acid
¢ 2-butanoic acid
d benzoic acid

12.  Name the following compounds:

COOH
a HCOOH d [:Ii
COOH

b (CH,),CHCOOH e CH,4(CH,),,CO0H
¢ HOOC-CH,CH,-COOH
13. Draw the structures of the following esters:
a iso-butyl acetate d benzyl benzoate
b ethyl formate e octyl ethanoate
C iso-pentyl acetate




14.

15.

16.

17.

CARBOXYLIC ACIDS, ESTERS, FATS AND OILS .

Name the acohol and the acid from which each of these esters is produced.
a isopentyl acetate d isobutyl acetate

b benzyl benzoate e ehyl formate

c octyl ethanoate

Complete the following reaction using structura formulas:

Glyceryl tristearate + Potassum hydroxide —

Define the following giving suitable examples:

a Hydrolyss e Lipids

b Sgponification f  Triglycerides

c Edeification g Randdity

d Hydrogenation h Hardening of ails

How will you carry out the following conversions?
a Propan-1-ol into propanoic acid.

b Propyl propanoate into propan-1-ol.
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