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Content Learning Outcome
nomenclature.

-State the general formula of esters and name them using IUPAC

-Describe the physical properties of esters.
-Describe methods of ester preparation and write reaction equations
for these reactions.

Esters
A carboxylic acid contains the -COOH group, and
in an ester, the hydrogen in this group is replaced
by a hydrocarbon group.
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Example: Ethyl ethanoate

In ethyl ethanoate, the hydrogen in the -COOH
group in carboxylic acid has been replaced by an
ethyl group.
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Physical Properties of Esters

1. Boiling point
The small esters have boiling points similar to those
of aldehydes and ketones with the same number of

carbon atoms.
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Like aldehydes and ketones, they are polar
molecules and so have dipole dipole interactions.
However, they do not form hydrogen bonds, and so
their boiling points are not high when compared to
carboxylic acids with the same number of carbon
atoms.

2. Solubility in water

The small esters are fairly soluble in water but

solubility falls with increasing chain length.
Example

Ester Formula Solubility
(g per 100 g of water)
Ethyl methanoate HCOOCH2CH3 10.5
Ethyl ethanoate CH3COOCH2CHs 8.7
Ethyl propanoate CH3CH2COOCH2CH3 1.7

The reason for the solubility in water is that esters
can form hydrogen bonds with water molecules
(even though they cannot form hydrogen bonds
with themselves).

Slightly positive hydrogen atoms in a water
molecule are sufficiently attracted to the lone pair
of electrons on the oxygen atoms of an ester,
forming hydrogen bonds.

As chain length increases, the hydrocarbon part of
the ester molecules start to get in the way. By
forcing themselves between water molecules, they
break the relatively strong hydrogen bonds between
water molecules. This decreases the solubility of
esters.




Hydrogen bonding in ester and water molecule
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Preparation of Esters

a. Making esters using carboxylic acids

Esters are produced when carboxylic acids are
heated with alcohols in the presence of an acid
catalyst. The catalyst is usually concentrated
sulphuric acid. The esterification reaction is both
slow and reversible.

b. Making esters using acyl chlorides

If an acyl chloride is added to an alcohol, a
vigorous reaction occurs (even at room
temperature) producing an ester and clouds of
steamy acidic fumes of hydrogen chloride.
Example

When the liquid ethanoyl chloride is added to
ethanol, a burst of hydrogen chloride is produced
together with the ester ethyl ethanoate.
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c. Making esters using acid anhydrides

Alcohols can be reacted with acid anhydrides to
give esters. The reactions are slower than the
corresponding reactions of alcohol with acyl
chlorides.

In this case, usually the mixture needs to be warmed
to increase the rate of the reaction.

Example

When methanol reacts with ethanoic anhydride, a
mixture of methyl ethanoate and ethanoic acid is
formed. The reaction is slow at room temperature
and the reaction rate increases upon warming. There
is no visible change in the colourless liquids.

/7 H H O H H
H3C—C | || | |
o+ H—TfoH —= H—C—C—O0—C—H + H—T—C—OH
HyC—C |
3 NS H |L H H
Ethanoic Methanol Methyl ethanoate Ethanoic
anhydride acid

Reactions of Esters

1. Hydrolysis using acids

Hydrolysis means reacting with water. The reaction
with pure water is so slow that it is never used. The
reaction is catalysed by dilute acids such as
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hydrochloric acid or sulphuric acid. Thus, for the
acid hydrolysis of esters, the ester is heated under
reflux with a dilute acid.

Example

Ethyl methanoate is heated under reflux with dilute
sulphuric acid. The ester reacts with the water
present to produce methanoic acid and ethanol.

0 H H o} H H
I [ dil.H,S0, I |
H—C—O—(ll—Cll—H + HO ——= H—C—OH + H—C—C—H
H H H OH
(Ethyl methanoate) (Methanoic acid) (Ethanol)

2. Hydrolysis using alkali

This is the most common way of hydrolysing esters.
The ester is heated under reflux with a dilute alkali,
such as sodium hydroxide solution.

Note:

The advantages of alkali hydrolysis over an acid
hydrolysis are:

1. The reactions are one-way rather than reversible.
2. The products are easier to separate.

Example
H o H H 0 H H
H*C')f(‘?’,fof(‘:f(‘:fH + NaOH %H‘C.i*ng*Na + H*C‘)fC’;fH
'!' IL H H I‘—| OH



Summary - Priority of Organic Functional Groups

Formula of
Functional the General Functional
Group Functional Formula group ending Exzample Priority
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Priority of Organic Functional Groups

When compounds contain more than one functional groups, the order of
priority determines which groups are named with prefix or suffix forms.
The highest priority group takes the suffix, with all others taking the prefix
form. However, double and triple bonds (-ene and -yne) only take suffix
form and are used with other suffixes.

The order of priority of the functional groups is:

Carboxylic acids > Esters > Acyl chlorides > Amides > Aldehydes >
Ketones > Alcohols > Amines > Alkenes > Alkynes > Alkane > Alkyl
halides

This means that carboxylic acids have the highest priority and alkyl halides
have the least.

Generally, the more oxidised a functional group, the higher its priority.
This is why carboxylic acids (-COOH) have the highest priority while
hydrocarbons have the lowest priority.
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Example: Consider the name and structure of the organic
compounds given below.

1.
LT
H—C—C—C——OH
H H
2-chloropopanoic acid
2.
H cl O
L
H—C—C—C—O0H
OH H
2-chloro-3-hydroxypropanoic acid
3. 4.
H H O H H O
Ll L
H—C—C—C——H H—C—C—C——NH,
OH H OH H
3-hydroxypropanal 3-hydroxypropanamide
Exercise

1. Complete the table below which shows the
names and general formula of some carboxylic acid
derivatives.

Name General Formula

Acid anhydrides a.

b.
R—C—NH,
Esters c.
O
d. Il

R—C—Cl

2. Complete the table below which shows the
names and structures of some carboxylic acid
derivatives.



Name Structure
H H O

a. H—C—C—C—NH,

CHg CHj,

Ethanoic anhydride b.

Ethyl propanoate d.

3. Complete and balance the following reaction
equations.

a. CHs3COOH + PCls — + POCl3 + HCI

b. + PCls — 3CH3COCI + H3POs3
con.H,S0
c. CH3COOH + CH3CH,OH ——m + H20

4. With the help of reaction equations, explain how
the organic compound ethyl ethanoate can be made
by using ethanoic anhydride and ethanol.

5. Name the following organic compounds.

a d.
H cl O T T (|:|)
H—(|3—C|:—C—OH H—C—C—C——H
| | ]
CH, H Br H
b. e
H Cl H

o

:|E

T

T
TF—CQQ——I
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In an esterification reaction an

A. ester reacts with water.

B. ester reacts with an amine.

C. alcohol reacts with sodium metal.

D. alcohol reacts with a carboxylic acid.

Tollens reagent can be used to distinguish between

esters and amines.

aldehydes and ketones.

primary, secondary and tertiary amines.
primary, secondary and tertiary alkyl halides.

SRR

Additional Notes

12. The organic molecule shown below is an example of a/an

HaC—CHy-C—CHj

A ester B ketone
G aldehyde. D carboxylic acid.

Answer: B

Additional Notes

= A ketone has the carbonyl group (C=0) in the middle of the carbon chain (non-terminal)
whereas an aldehyde has the carbonyl group (C=0) at the end of the carbon chain terminal)

= There general structure of the organic compounds mentioned in options A-D is shown below

....................... T T SR PR
: H Ketone : : Aldehyde Carboxylic acid :
i ! i i
! ii | i
iR R—C—R !! R—C—H R—C—OH !
. [ ] 1
T e P T b S e S S e Skrnsianaman i basansaaamiy i

13 In the presence of an aldehyde, Fehling’s reagent produces a precipitate.

A red B. blue € white D. silver
Answer: A

Additional Notes
= The table below shows some of the important tests for organic compounds and the expected
positive resulfs.
Test Class of Organic Positive Result
Compound Tested

1. Test for saturation *  Alkanes ¢ No decolourisation seen
using bromine solution *  Alkenes ¢ Bromine gets decolourised
bromine water (Bry *  Alkynes s Fastest rate of decolourisation
2. Lucas test/ Lucas ~ Alcohols ~ Differentiated based on difference m
reagent — used to reactivity of each class
differentiate between the | ¢  Primary * Very slow to no reaction
classes of alcohols *  Secondary + Mixture gets clondy after few minutes
e Tertiary +  Mixture gets cloudy immediately
3. Acidified KyCrO7 *  Aldehydes ¢ Orange to green colour change —
solution oxidised to carboxylie acid
* Ketones ¢ No change — does not get oxidised
S ¢ Purple to colourless - oxidised to
4. Acidified KMnO, ¢ Aldehydes e
carboxylie acid
solution N S
+ Ketones ¢ No change
5. Tollens reagent o Aldehydes ¢  Silver mirror seen 11].51de the test-tube —
Silvermirrortest oxidised to carboxylic
+ Ketones ¢ Nochange
6. Benedict’s/ Fehling’s | » Aldehydes ¢ Blue solution changes to reddish orange
solution precipitate — oxidised to a salt of the

corresponding carboxylic acid
+ Ketones ¢ No change




14. The reaction of an ester with water is an example of a/an reaction. (c) Draw the structural formula of 2,3-dimethylbutanoic acid. (2 marks)
A OXidmion_ B. hydrolysis ) Answer and Additional Notes
. condensation D. hydrogenation
H H H o *  To draw a structural formula from the name:
Answer: B | | | I + Construct parent chain with functional group: butanoic acid
Additional Notes H—C—C—C—C OH + Identify substiments and position: two methyl groups (CHzi)
—_— . . . | ‘ ‘ at carbon number 2 and 3.
= An ester is produced by reacting an alcohol and a carboxylic acid in the presence of H  CHs CHs 5 Oisck sheuchice 1o deiwt. nkmie itle confiem i courort
concentrated sulphuric acid (dehvdrating agent). This is an example of a condensation structure is draw (does not need to be included in the answer).
reaction.
= The reverse of this reaction is hydrolysis. where the ester is broken down into an alcohol and a (d) Use the structure of the amines given below to answer the questions that follow.
carboxylic acid.
H H
11. In an esterification reaction an
H3C—N—H H3zC—N—CH,CH3
A ester reacts with water. ) ) . )
. . Primary amine Secondary amine
B. ester reacts with an amine.
C. alcohol reacts with sodium metal. ]
D. alcohol reacts with a carboxylic. acid. (1) Identify the amine that is more basic. (1 mark)
Answer and Additional Notes
Answer: D v Secondary/ 2 amine (1 mark)
R = To answer this question, students should know the order of basicity of amines.
Additional Notes *  Primary ammes < Secondary Amines < Tertiary Annunes
e A Ester reacts with water — hydrolysis . P.nman,' amine (1 )’- has one :_nlk}'l_g_ruup attached the carbon attached to nity (:ge_n atom
K . . i . = Secondary amine (2°) - has two alkyl groups attached the carbon attached to nitrogen atom
e B. Ester reacts with an amine — nucleophilic substitution *  Tertiary amine (3) - has three alkyl groups attached the carbon attached ta nitrogen atom
e (. Alcohol reacts with sodium metal — substitution g ] :
. . . . . . (11) Provide an explanation for your answer in part (i) above. (2 marks)
e D. Alcohol reacts with a carboxylic acid — esterification reaction
Answer and Additional Notes
¥ The greater the number of alkyl groups attached, the more basic the amine. (2 marks) OR

¥ A secondary amine has greater number of alky groups. (2 marks) OR

¥ Alkyl groups have the ability to inductively donate electrons to the nitrogen atom (1 mark)

(a) The structure of benzene is shown below. ier 7
making it electron rich. (1 mark)
H ¥ (Strength of basicity is determined by the number of alkyl groups attached to the
H H nitrogen atom accepted for 1 mark)
*  Amine is a Lewis base (able to donate electron pair). So the more electron rich the N centre,
the more basic the amine. Alkyl groups have the ability to inductively push electrons to the
H H nitrogen atom making 1t electron rich
H = Since secondary amines have 2 alkyl groups, there is a greater electron density build-up on
nitrogen due to increased inductive donation of electrons, making them more basic
Based on the structure of benzene. explain why it is possible for benzene to =  Majority of the students stated that secondary amine has more hydrogens. Students should
undergo substitution reaction but not an addition reaction. (2 marks) realise that the hydrogen atom on nitrogen does not have an influence the basicity of amines

Answer and Additional Notes

v Benzene ring is highly stable so it is very difficult to break the double bonds for an
addition reaction (1 mark). Substifution reaction does not involve the breakdown of the
double bonds (1 mark) so occwrs easily. OR:

v Substilution reaction only involves the replacement of the hydrogen atom without
disrupting the stability (1 mark) whereas addition reaction involves the breakdown of
double bond from the stable ring/aromatic structure. (1 mark) OR

¥ Benzene ring is highly stable due to resonance so it is very difficult to break the double
bonds for an addition reaction (1 mark). Substitution reaction does not involve the
breakdown of the double bonds (1 mark) so occurs easily.

=  Many students failed to explain what the question required for 2 marks

=  The explanation should have two parts:
1. Why benzene does not undergo addition reaction?

2. Why benzene undergoes substitution reaction?

(e)  Use the IUPAC system of nomenclature to name the organic compound shown
below.

H H H

H—C—C|2:C—CH—C—H

H Cl CH,CH; H

(2 marks)

Answer and Additional Notes
Steps Involved
(¥: mark) * Identify functional group: alkene

= Identify parent chain: 5 carbon: pent
= Identify position of functional group: 2* carbon: pent-2-ene
= Identify substituent and ifs position: chloro — 2™ carbon

- ethyl - 3 carbon
(Number from end where functional group gets lowest value —
left to right for this compound)
Name the compound: 2-chlore written first as alphabetical
order is followed.

Name

2-chloro-3-ethyl pent-2-ene

(%mak) (Ymak) (hmak)
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