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Organic Chemistry

Classification of Organic Reactions

Organic reactions can be classified
into (at least) three main types:

e Addition.
e Elimination.

e Substitution.
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Classification of Organic Reactions
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Classification of Organic Reactions
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Classification of Organic Reactions
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Classification of Organic Reactions
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Classification of Organic Reactions
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Classification of Organic Reactions
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Classification of Organic Reactions
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Classification of Organic Reactions
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Classification of Organic Reactions
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Classification of Organic Reactions
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Classification of Organic Reactions
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Classification of Organic Reactions
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Classification of Organic Reactions

H

R A
DAL S A
H HHH H HHH
-Bromobutane Butyl-1-amine

+ HBr




Organic Chemistry

Classification of Organic Reactions
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Classification of Organic Reactions
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Classification of Organic Reactions

\\. H
| | /
—C—C—Cl + KOHpp. ¢ Q@ c—C=G_ + KCI + H0

H
H—
| |

H \ H H
1-Chloropropane \\@ Propene

I—O—I
I—O—I

=

rrs.a,;'u

¢



I—O—I

|

—C=

|

C_

Organic Chemistry

Classification of Organic Reactions
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Classification of Organic Reactions
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Classification of Organic Reactions
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Classification of Organic Reactions
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Classification of Organic Reactions
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Classification of Organic Reactions
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Classification of Organic Reactions
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Classification of Organic Reactions
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Classification of Organic Reactions
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Classification of Organic Reactions
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Classification of Organic Reactions
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Classification of Organic Reactions
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Classification of Organic Reactions
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Organic Chemistry

What are the
essential reactions
of organic
compounds?

e Alkanes

e Halogenoalkanes
o Alkenes
e Alcohols

e Carboxylic Acids




Organic Chemistry

What are the
essential
reactions of
the alkanes?

e Combustion
e Substitution
e Cracking
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Reactions of the Alkanes — Combustion

The complete combustion of an alkane produces carbon
dioxide and water. The reaction is very important because it is
highly exothermic.

CH4(g) + 20,(g) — CO,(g) + 2H,0(9g)

O

| 0=0 H™ ~H

H_(lg_H + — 0=C=0 +
=0

H 0 O NH

Methane Oxygen Carbon Water
Dioxide
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Reactions of the Alkanes — Combustion
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Reactions of the Alkanes — Combustion

2C,Hg(g) + 705(g) — 4C0,(g) + 6H,0(9g)
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Reactions of the Alkanes — Combustion
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e Which chemical, X, can be used to detect the presence of water? What
change would you observe in X if water were present?




Organic Chemistry

Reactions of the Alkanes — Combustion
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e Which chemical, X, can be used to detect the presence of water? What
change would you observe in X if water were present?

e Anhydrous copper(Il) sulfate can be used to test for water.
The white anhydrous copper(Il) sulfate will change into blue hydrated
copper(II) sulfate upon the addition of water.
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Reactions of the Alkanes — Combustion
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¢ Which chemical, Y, can be used to detect the presence of carbon dioxide?
What change would you observe in Y if carbon dioxide were present?
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Reactions of the Alkanes — Combustion
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¢ Which chemical, Y, can be used to detect the presence of carbon dioxide?
What change would you observe in Y if carbon dioxide were present?

e Limewater (an aqueous solution of calcium hydroxide) can be used to test
for carbon dioxide. A white precipitate will be formed when carbon dioxide is
bubbled through limewater.
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Reactions of the Alkanes — Combustion

e In a limited supply of oxygen, where the alkane is in
excess, incomplete combustion of the hydrocarbon will
take place.

e |[ncomplete combustion of a hydrocarbon can produce
a range of products, including carbon monoxide (a toxic
gas that irreversibly binds to haemoglobin), soot (fine
particles of carbon) and water.

propane + oxygen — carbon monoxide + soot + water
CiHg(g) + 30,(g) — 2C0O(g) + C(s) + 4H,0(g)
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Reactions’ ofithe'Alkanes’=.Combustion
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Organic Chemistry

Reactions of the Alkanes — Substitution into Methane, CH,

The hydrogen of an alkane can be substituted by a Group 17
element in the presence of ultraviolet light. The reaction is a
free radicle reaction, producing a complex mixture of products.

Ultraviolet
ITI Light ITI
H—(|3—H + CI—CI —> H—(|3—CI + H-—CI
H H
Methane Chloromethane
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Reactions of the Alkanes — Substitution into Methane, CH,

The hydrogen of an alkane can be substituted by a Group 17
element in the presence of ultraviolet light. The reaction is a
free radicle reaction, producing a complex mixture of products.

H Ultraviolet
| Light |
H—(|3—CI + CI—ClI —_— H—C|)—CI + H-—CI
H Cl
Chloromethane Dichloromethane
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Organic Chemistry

Reactions of the Alkanes — Substitution into Methane, CH,

The hydrogen of an alkane can be substituted by a Group 17
element in the presence of ultraviolet light. The reaction is a
free radicle reaction, producing a complex mixture of products.

Ultraviolet
H
ITI Light |
H—(|3—CI + CI—Cl —> CI—(|3—CI + H-—CI
Cl Cl
Dichloromethane Trichloromethane
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Organic Chemistry

Reactions of the Alkanes — Substitution into Methane, CH,

The hydrogen of an alkane can be substituted by a Group 17
element in the presence of ultraviolet light. The reaction is a
free radicle reaction, producing a complex mixture of products.

Ultraviolet
||_| Light C|3I
CI—(|)—CI + C|—CI —> CI—(|3—CI + H-—CI
Cl Cl
Trichloromethane Tetrachloromethane
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Organic Chemistry

Reactions of the Alkanes — Substitution into Methane, CH,

e Energy contained within the ultraviolet light
Is used to break C/ — C/ covalent bonds.
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Reactions of the Alkanes — Substitution into Methane, CH,

Chloromethane
CHsCI

e Energy contained within the ultraviolet light
Is used to break C/ — C/ covalent bonds.
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Reactions of the Alkanes — Substitution into Methane, CH,

Dichloromethane
CH2Cl2

e Energy contained within the ultraviolet light
Is used to break C/ — C/ covalent bonds.
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Reactions of the Alkanes — Substitution into Methane, CH,

Trichloromethane
CHCI3

e Energy contained within the ultraviolet light
Is used to break C/ — C/ covalent bonds.
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Reactions of the Alkanes — Substitution into Methane, CH,

Tetrachloromethane ¢
CCls |

e Energy contained within the ultraviolet light
Is used to break C/ — C/ covalent bonds.
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Reactions of the Alkanes — Substitution into Methane, CH,

e Ultraviolet light provides the activation energy necessary to break the
covalent bond between the two chlorine atoms in a molecule of chlorine.

e Two chlorine radicals are formed. These are highly reactive species
due to their single unpaired electrons.

chlorine molecule — chlorine radical + chlorine radical
Cl-C/ —» Cl- + CI
methane molecule + chlorine radical — methyl radical + hydrogen chloride
CH, + CI- - CH, + H-CI
methyl radical + chlorine molecule — chloromethane + chlorine radical




Organic Chemistry

Reactions of the Alkanes — Substitution into Methane, CH,

e Ultraviolet light provides the activation energy necessary to break the
covalent bond between the two chlorine atoms in a molecule of chlorine.

e Two chlorine radicals are formed. These are highly reactive species
due to their single unpaired electrons.

chlorine molecule — chlorine radical + chlorine radical
Cl-C/ —» Cl- + CI
methane molecule + chlorine radical - methyl radical + hydrogen chloride
CH, + Cle<_CH, + H-CI
methyl radical + chlorine molecule — chloromethane + chlorine radical
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Reactions of the Alkanes — Substitution into Ethane, C,H;

Ultraviolet
o H Light Possible
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H—C—C—H + 6 CI—CI — Reaction
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Ethane
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Reactions of the Alkanes — Substitution into Ethane, C,H;

Ultraviolet
AL Light Possible

|
H—C|J—C|3—H + 6 CI—CI —_— Reaction

H H Products?

H H Ethane CI H H H
Cl—C—C—H CI—C C H Cl—C—C—cl
o Mo oM
1-Chloroethane 1,1-Dichloroethane 1,2-Dichloroethane

(or just Chloroethane) CI H CI H
CI H CI—C C Cl CI—C C Cl
CI—C C H oM S
CI H 1,1,2-Trichloroethane 1,1,1,2-Tetrachloroethane
1,1,1-Trichloroethane 9| (|3| (|;| (|;|
(|3I (|3I CI—C|3—(|3—CI CI—?—(|3—CI
CI—(|3—(|3—CI Cl H Cl CI
H H 1,1,1,2,2-Pentachloroethane  1,1,1,2,2,2-Hexachloroethane
1.1,2.2-Tetrachloroethane (or just Pentachloroethane) (or just Hexachloroethane)
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Reactions of the Alkanes — Cracking

The catalytic cracking of long-chain alkanes produces short-

chain alkanes and alkenes as reaction products. Short-chain

alkanes tend to be more useful than long-chain alkanes, and
alkenes can be used in organic synthesis.

High
Temperature /
HHHHHHHH H HH H H
e e Catalyst N H H
H-C-C-C-C-C—-C-C—-C—-H —>» H-C—-C—-C—-C—-C—-C—H + C=C
LT T T T 1 1 | ALO, LT 1T 1T 1 ¥ o
HHHHHUHMHH H HHHHH

Octane Hexane Ethene
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Reactions of the Alkanes — Cracking
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Reactions of the Alkanes — Cracking
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Reactions of the Alkanes — Cracking

H H H H H
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Reactions of the Alkanes — Cracking

H H H H H H
H —H—H— —{©—(©u—H c=C
H H H H H H
long chain alkane === short chain alkane + short chain alkene
hexane ==) butane + ethene

CeHi4 ==p CsH1o + C2oHy4
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Reactions of the Alkanes — Cracking
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H HH H Temperature/ . . H
o Catalyst L
—-CcC-C—-C—-C—-H —>» H—C—C—C—C—C—H +
T T ] ALO, T T T
H HHH H HHHH m
ctane Pentane




ITI—O—xI

I—O—xI

I—O—xI

I—0O—xI

I—O—xI

I—0O—xI

Organic Chemistry

Reactions of the Alkanes — Cracking

High
HHHHH Temperature / H H H H 4 H H
o Catalyst Lo v
-c-Cc-c-C—-C—-H —> H-C-C-C—-C—C—H + C=C-C-H
T T T ALO, T T T ] / |
H HHH HHHHH H H
Octane Pentane Propene
High
H HHHH Temperature/ . o 1 H
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Reactions of the Alkanes — Cracking

High
H HH H H Temperature/ o gy H H H
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HHHHH HHHHH H H
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High
H HH H H Temperature/ g g H H H H
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Organic Chemistry

What are the
essential reactions

of the
halogenoalkanes?

e Substitution
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Reactions of the Halogenoalkanes — Substitution

Warming a halogenoalkane with an aqueous solution of sodium hydroxide
forms an alcohol as the main reaction product. This is an example of a
substitution reaction.

H H
| Warm
H—(|3—(|3—Br + NaOH —>
H H
Bromoethane Agueous
Sodium
Hydroxide
lTl I?r lTl Warm
H—Cl)—CIZ—Cll—H + NaOH ———>
H H H
2-Bromopropane Aqueous
Sodium

Hydroxide

boh
H—(ID—Cll—O\ + NaBr
HH H
Ethanol Aqueous
Sodium
Bromide

?
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Reactions of the Halogenoalkanes — Substitution

Warming a halogenoalkane with an aqueous solution of sodium hydroxide
forms an alcohol as the main reaction product. This is an example of a
substitution reaction.

H H
| Warm
H—(IZ—(IZ—Br + NaOH —>
H H
Bromoethane Agueous
Sodium
Hydroxide
ITI I?r ITI Warm
H—(|3—(|3—(|3—H + NaOH ———>
H H H
2-Bromopropane Aqueous
Sodium

Hydroxide

H—(|3—CI3—O\ + NaBr
HH H
Ethanol Aqueous
Sodium
Bromide
/H
o
H_?_?_?_H + NaBr
H H H
Propan-2-ol Aqueous
Sodium
Bromide
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What are the
essential reactions
of the alkenes”?

e Combustion
e Addition
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Reactions of the Alkenes — Combustion

e Alkenes tend to undergo incomplete combustion,
producing luminous (orange / yellow) sooty flames.

e Luminous, sooty flames are evidence that the organic
compound undergoing combustion is unsaturated.

e Unsaturated organic compounds undergo incomplete
combustion because they contain a relatively high
percentage carbon. Compare saturated with unsaturated:

— Percentage carbon in butane CH;CH,CH,CH:
[(4 x12) +((4 x 12) + 10)] x 100 = 82.8%

— Percentage carbon in buta-1,3-diene CH,=CHCH=CH,;:
[(4 x12) +((4 x12) + 6)] x 100 = 88.9%
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Organic Chemistry

Reactions of the Alkenes — Addition
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Organic Chemistry

Reactions of the Alkenes — Addition

Alkenes (unsaturated hydrocarbons) react with hydrogen in the presence
of a nickel catalyst to form an alkane. This is an example of an addition

reaction.
Ni Catalyst
High
H\ /H Pressure I|_| IT'
C=C + HH ——> H-C—-C—H
/ \ |
H H H H
Ethene Hydrogen Ethane
Ni Catalyst
High
H H
H\ I Pressure
/C:C—Cli—H + H-H —>
H H B

Propene Hydrogen
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Reactions of the Alkenes — Addition

Alkenes (unsaturated hydrocarbons) react with hydrogen in the presence
of a nickel catalyst to form an alkane. This is an example of an addition

reaction.
Ni Catalyst
High
H\ /H Pressure I|_| IT'
C=C + H-H —> H-C—C—H
/ \ |
H H H H
Ethene Hydrogen Ethane
Ni Catalyst
High
H H
H\ I Pressure I|_| I|_| I|_|
/C:C—(|3—H + HH —> H—(|3—(|3—C|3—H
H H H HH

Propene Hydrogen Propane
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Reactions of the Alkenes — Addition

H=—H

nickel
catalyst

and high
pressure
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Reactions of the Alkenes — Addition

H H

nickel |
catalyst
and high

pressure
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Reactions of the Alkenes — Addition

nickel
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and high
pressure
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Reactions of the Alkenes — Addition

A molecule that contains more than one carbon-to-carbon double covalent
bond is said to be polyunsaturated. The catalytic hydrogenation of
polyunsaturated plant oils to produce solid fats is used in the manufacture
of margarine.

H-H  H-H  H-H

+ + +
R i i R0
Liguid H-G-G-G=6-C-G=0—G-0=0-6-C-6-C
HHHHHHHHHHHHH O-H

l Nickel Catalyst

=
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Organic Chemistry

Reactions of the Alkenes — Addition

A molecule that contains more than one carbon-to-carbon double covalent
bond is said to be polyunsaturated. The catalytic hydrogenation of
polyunsaturated plant oils to produce solid fats is used in the manufacture
of margarine.

H-H  H-H  H-H

fORRRER R R R R R0

id H-C-C-C-C-C-C-C-C-C—-C-C-C—-C—C
SO“d|||||||||||||\ ﬁ)’&\
HHHHHHHHHHHBHBH O-H (L=
w
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Reactions of the Alkenes — Addition

H H

CH;(CH,);C=C(CH,);COOH

H H H H H

CH4(CHy), H l‘l (CH,),COOH

L/
H H H \“ H




Organic Chemistry

Reactions of the Alkenes — Addition

Alkenes (unsaturated hydrocarbons) react with Group 17 elements at room
temperature and pressure to form a halogenoalkane. This is an addition

reaction.

Room
H H Temperature Br Br
\ / and Pressure |
C=C + Br—Br —> H—-C—C—H
/ \ | |
H H H H
Ethene Bromine 1,2-Dibromoethane

Room

H H H Temperature

\ | and Pressure
/C:C—(ll—H + Br—Br —>

H H 0
Propene Bromine
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Reactions of the Alkenes — Addition

Alkenes (unsaturated hydrocarbons) react with Group 17 elements at room
temperature and pressure to form a halogenoalkane. This is an addition

reaction.
Room
H H Temperature Br Br
\ / and Pressure |
C=C + Br—Br —> H—-C—C—H
/ \ | |
H H H H
Ethene Bromine 1,2-Dibromoethane
Room
H H H Temperature Br Br H

\ | and Pressure I
/C:C—(|3—H + Br—Br —> H—C|3—(|3—(|3—H

H H H H H
Propene Bromine 1,2-Dibromopropane
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Reactions of the Alkenes — Addition

Br—Br

room
temperature
and pressure
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Reactions of the Alkenes — Addition

Br Br

room
temperature
and pressure
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Reactions of the Alkenes — Addition

room
temperature
and pressure
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Reactions of the Alkenes — Addition

Formative Assessment:
How would you prepare these two compounds?

il o o
Br—C—C—H H-C—C—H
H H H H

1,1-dibromoethane 1,2-dibromoethane
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Reactions of the Alkenes — Addition

ultraviolet
ITI ||‘| Br—Br Iight Br H H—Br
H-C-C—-H + —> Br—C C H +
b Br—Br o H—Br
Ethane 1,1-dibromoethane
room Br Br
H\ /H temperature |
C=C + Br-Br —> H-C-C—H
H/ \H and |
pressure H H

Ethene 1,2-dibromoethane
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Reactions of the Alkenes — Addition

IMPORTANT NOTE
e The product of an addition reaction is no longer an
alkene, so its name DOES NOT end —ene.

H H -
\ /
/C:C + H-H —> H-— (IZ (|3 H
H H H H
Ethene Hydrogen Ethane
4 ) 9
iC:Ci + H-CI ——> H-— (IZ (|3 H
H H H
Ethene Hydrogen 1-Chloroethane
Chloride
H H & 127
\ /
C:C + Br—Br —> H-C—C—H
/ |
H o H H H

Ethene Bromine 1,2-Dibromoethane




Organic Chemistry

Reactions of the Alkenes — Addition

IMPORTANT NOTE
e Bromine adds across the C=C bond. Each of the two
bromine atoms bonds to a different carbon atom.

H H AL
\ /
C=C + Br—Br —> H-C-C—H /
/ \ | |
H H H H

e The two bromine atoms DO NOT bond to the same

carbon atom.
H H Br H

|
:C:Ci + Br—Br —> H-C—C—H x

H H Br H




Organic Chemistry

Reactions of the Alkenes — Addition

AT vE
c=C-C-H + Br—Br —> H-C-C-C-H
S S b
A4 v
C=C-C-H + Br—Br ——> H-C-C-C-H
H H Br H H
Ao bRy
C=C-C-H + Br—Br ——> H-C-C-C-—H
H H H Br H
Ao v
C=C-C-H + Br—Br —— H-C-C-C-—H
H H H HH
L Br, HLh
C—C—(|3—H + Br—Br —> /C:C_(l;_H +
H H H




Organic Chemistry

Reactions of the Alkenes — Addition

The number of carbon-to-carbon double covalent bonds that are present in
a molecule can be determined by reacting it with bromine. In this example,
1 mol of the organic compound reacts with 3 mol of bromine, so one
molecule must contain three carbon-to-carbon double covalent bonds.

Br—Br Br—Br Br—Br

R R BB B

b
H-C-C-C-C-C-C-C-C-C-C-C-C-C-C
HHHHHHHHHHHHH




Organic Chemistry

Reactions of the Alkenes — Addition

The colour change of bromine water from reddish-brown to colourless is an
important qualitative test for an alkene.

2



Organic Chemistry

Reactions of the Alkenes — Addition

The colour change of bromine water from reddish-brown to colourless is an
important qualitative test for an alkene.

reddish-brown
bromine
water - Br, (aq)

4
§
liquid alkene
U - CnHzn (1)




Organic Chemistry

Reactions of the Alkenes — Addition

The colour change of bromine water from reddish-brown to colourless is an
important qualitative test for an alkene.

reddish-brown
bromine
water - Br, (aq)

G- liquid alkene
(less dense
top layer)
e o -
o e
U = CnFan () (more dense

bottom layer)




Organic Chemistry

Reactions of the Alkenes — Addition

The colour change of bromine water from reddish-brown to colourless is an
important qualitative test for an alkene.

reddish-brown
bromine
water - Br, (aq)

shake the test tube
‘ thoroughly to
mix the reagents

i — —

R liquid alkene
(less dense
top layer)

eadst rown
- CaHan () (more dense

bottom layer)

G




Organic Chemistry

Reactions of the Alkenes — Addition

The colour change of bromine water from reddish-brown to colourless is an
important qualitative test for an alkene.

reddish-brown
bromine
water - Br, (aq)

shake the test tube
‘ thoroughly to
mix the reagents

i — —

R liquid alkene
(less dense

top layer) a reddish-brown to

- reddish-brown colourless colour
I'?Lgdl_?lk?:;e bromine water change is observed
ntian (more dense (the orange bromine

bottom layer) water is decolourised)

|

L

G




Organic Chemistry

Reactions of the Alkenes — Addition

Note: In addition to using bromine water, a solution of bromine dissolved in
an inert solvent, e.g. CC/,, may be used.

reddish-brown
bromine
water - Br, (aq)

shake the test tube
‘ thoroughly to
mix the reagents

i — —

R liquid alkene
(less dense

top layer) a reddish-brown to

- reddish-brown colourless colour
I'?Lgdl_?lk?:;e bromine water change is observed
ntian (more dense (the orange bromine

bottom layer) water is decolourised)

|

L

G




Organic Chemistry

Reactions of the Alkenes — Addition

Alkenes (unsaturated hydrocarbons) react with hydrogen halides at room
temperature and pressure to form a halogenoalkane. This is an addition
reaction.
Room
Temperature H CI

\ y and Pressure I
C=C + H-Cl —— H—(IB—CI:—H

H H H H
Ethene Hydrogen 1-Chloroethane
Chloride
Room
Temperature
H H
H\ | and Pressure
/C:C—Cll—H + H-CI ——>
H H -
Propene Hydrogen

Chloride




Organic Chemistry

Reactions of the Alkenes — Addition

Alkenes (unsaturated hydrocarbons) react with hydrogen halides at room
temperature and pressure to form a halogenoalkane. This is an addition

reaction.
Room
Temperature
H\ /H and Pressure ITI C|;I
C=C + H-C —> H-C—-C—H
/ \ | |
H H H H
Ethene Hydrogen 1-Chloroethane
Chloride
Room
Y H H Temperature Cl H H Cl
L and Pressure B and / o
/C:C—?—H + H-CI —> H—I—(IE—Clz—H or H—I—Clz—CIZ—H
H H H H H H H H
Propene Hydrogen 1-Chloropropane 2-Chloropropane

Chiloride




Organic Chemistry

Reactions of the Alkenes — Addition — Enrichment

Note: Where an alkene could react to form more than one reaction
product, the most favourable reaction product can be predicted by
Markovnikov'’s rule.

Markovnikov’s rule states that, in a reaction where a hydrogen halide
(H-X, where X is C/, Br or I) adds across the C=C bond of an alkene,
the hydrogen atom of H-X will bond to the carbon of the alkene that
already has the most hydrogen atoms bonded to it. Hence, in the
example given below, 2-chloropropane will be the favoured product.

Room
Y H H Temperature Cl H H Cl
S and Pressure | and / 1
/C:C—?—H + H-CI ——— H- | —(IZ—(IZ—H or H—(ID—CIZ—CID—H
H H H H H H HH
Propene Hydrogen 1-Chloropropane 2-Chloropropane
Chioride (R

=1

-

N/
G



Organic Chemistry

Reactions of the Alkenes — Addition

H—CI

room
temperature
and pressure




Organic Chemistry

Reactions of the Alkenes — Addition

H (I

room
temperature
and pressure




Organic Chemistry

Reactions of the Alkenes — Addition

room
temperature
and pressure




Organic Chemistry

Reactions of the Alkenes — Addition

Alkenes (unsaturated hydrocarbons) react with water in the presence of an
acid catalyst to form an alcohol. This is an example of an addition reaction.

Conc.
H,SO4
H H
H\ /H o as Catalyst |
H/ \H Conc. | \H
H,PO, H H
Ethene Water  as Catalyst Ethanol
Conc.
H,SO,
H\ III ITI o as Catalyst
H/ Ill Conc.
H4PO, .

Propene Water as Catalyst




Organic Chemistry

Reactions of the Alkenes — Addition

Alkenes (unsaturated hydrocarbons) react with water in the presence of an
acid catalyst to form an alcohol. This is an example of an addition reaction.

Conc.
H,SO4
H H
I_I\ /I_| o as Catalyst |
H/ \H Conc. | \H
H,PO, H H
Ethene Water  as Catalyst Ethanol
Conc.
H>SO, H
H\ | o as Catalyst | ITI | and / H O H
C=C—C—H + Ny > O—C—C—C—H ]
H | Conc. ./ I 1 | or H—?—?—?—H
H H,PO, H HH H H H

Propene Water as Catalyst Propan-1-ol Propan-2-ol




Organic Chemistry

Reactions of the Alkenes — Addition

conc.
H,PO,
catalyst




Organic Chemistry

Reactions of the Alkenes — Addition

conc.
H,PO,
catalyst




Organic Chemistry

Reactions of the Alkenes — Addition

conc.
H,PO,
catalyst




Organic Chemistry

Compare the Reactions of Alkanes and Alkenes with Halogens

e Alkane and a halogen: Substitution reaction in the
presence of ultraviolet light.

H—C-H + Cl—CI ——> H-C—Cl + H-CI

I—O—I

e Alkene and a halogen: Addition reaction at room
temperature and pressure (no U.V. light required).
H H .
c=C + Cl-CI ——> H-C-C-H
H H H H




Organic Chemistry

e \Which one of the following is the best way of preparing
a sample of propan-2-ol?

a) Reacting propene with water in the presence of an
acid catalyst (addition reaction).

b) Reacting 2-bromopropane with aqueous sodium
hydroxide (substitution reaction).

Conc.

H H H 1550, H HH M
oL 0 as Catalyst L and / III (P ITI
fECGH oy > 006 eH T j—c—c-c—H
H H H H H H bbb
Propene Water Propan-1-ol Propan-2-ol

e Using propene will produce a mixture of two organic
reaction products (low yield of each isomer).




Organic Chemistry

e \Which one of the following is the best way of preparing
a sample of propan-2-ol?

a) Reacting propene with water in the presence of an
acid catalyst (addition reaction).

b) Reacting 2-bromopropane with aqueous sodium
hydroxide (substitution reaction).

H

H Br H Warm lTI CI) |T|
H— C C C H + NaOH ——> H— (l: C|3 (|: H + NaBr

HOH A H H H
2-Bromopropane Aqueous Propan-2-ol Aqueous
Sodium Sodium
Hydroxide Bromide

e Using 2-bromopropane is preferred because it will
produce only one organic reaction product (high yield).




Organic Chemistry

What are the
essential
reactions of the
alcohols?

e Preparation
e Combustion
e Substitution
e Dehydration
e Oxidation
e Sodium




Organic Chemistry

Reactions of the Alcohols — Preparation

Ethanol can be produced by the fermentation of glucose.

CgH,,04(aq) —» 2CH;CH,OH(aq) + 2CO,(g)

H
v
! i
H—C—H
i o E =66
— nzymes
H/I \O/H in Yeast H H H 0=C=0
I H | —_— +
C H C Temperature 0=C=0
o\O”" H/) 37 °C .
H” ' | . H—C—C—0O
cC———C Anaerobic | \
| | H H H
H 0 (no oxygen)
“H
Glucose Ethanol Carbon

Dioxide




Organic Chemistry

Reactions of the Alcohols — Preparation

e Enzymes in the yeast increase the
air lock rate of the reaction by lowering the

activation energy.
water

e The optimum temperature is 37°C.
At higher temperatures, the
enzymes in the yeast are denatured.

e The air lock allows CO, (g) to

¢ ———aqueous solution

) of fruit sugars escape while preventing O, (g) from
. . entering the container. O, (g) will
—1— suspension of o . .
yeast oxidise the ethanol to ethanoic acid
- J (vinegar).

e Ethanol is obtained by distillation
of the reaction mixture.



Organic Chemistry

Reactions of the Alcohols — Preparation

Remember, ethanol can be prepared by reacting ethene with water in the
presence of concentrated sulfuric acid as a catalyst. This is an
addition reaction.

C,H,(g) + H,0() — CH,CH,OH())

Conc.
H,SO,
H
H\ /H o as Catalyst |
C=C + ~ N — > H—C—C—-0O
/ \ H H Conc | \
H H ' H H H
H,PO,

Ethene Water  as Catalyst Ethanol




Organic Chemistry

Reactions of the Alcohols — Preparation

Remember, ethanol can be prepared by warming bromoethane with
aqueous sodium hydroxide. This is a substitution reaction.

CH,;CH,Br(/) + NaOH(aq) —» CH;CH,OH(/) + NaBr(aq)

H H H H
| Warm |
H—(IZ—(|3—Br + NaOH ——> H—(ID—CI)—O\ + NaBr
H H HH H
Bromoethane Agueous Ethanol Aqueous
Sodium Sodium

Hydroxide Bromide




Organic Chemistry

Reactions of the Alcohols — Combustion

e Alcohols undergo complete combustion to form
carbon dioxide and water as the reaction products.

e This exothermic reaction releases energy that can
be used to power certain automobiles.

ethanol + oxygen — carbon dioxide + water
C,H;OH(/) + 30,(g) — 2C0,(g) + 3H,0(9)

propanol + oxygen — carbon dioxide + water
2C3H,0H() + 90,(g) — 6CO0O,(g) + 8H,0(g)




Organic Chemistry

Reactions of the Alcohols — Substitution

e The hydroxyl group, —OH, of an alcohol can be
substituted by a halogen, e.g. —C/ or —Br.

e The reaction converts an alcohol into a

halogenoalkane.

e A sodium halide is treated with concentrated

sulfuric acid to produce a hydrogen
NaBr + H,SO, —» HBr + Na

e This mixture is then warmed with t

nalide, e.q.
S0,

he alcohol:

CH,CH,OH + HBr — CH,CH.Br + H,O




Organic Chemistry

Reactions of the Alcohols — Dehydration

The dehydration of an alcohol results in the formation of an alkene as the
main reaction product. This is an example of an elimination reaction.

conc.
H4PO,

| | Catalyst \ / 0
H-C-C-0 —> C=C + O,

| \ / \
H H H H H
Ethanol Ethene Water
conc.
HsPO,
Iﬁ |I_| lﬁ Catalyst
A Wl
H HH H 0
Propan-1-ol

Sulfuric acid can also be used as a catalyst, and the
reaction mixture is warmed to approximately 170 °C.




Organic Chemistry

Reactions of the Alcohols — Dehydration

The dehydration of an alcohol results in the formation of an alkene as the
main reaction product. This is an example of an elimination reaction.

conc.
. H4PO,

| | Catalyst H\ / 0
H-C-C-0 —> C=C + O,

| \ / \
H H H H H
Ethanol Ethene Water
conc.
H H H H5PO, HH H
o Catalyst Y, 0O
H—C—-C—C—-0O —> H—-C—-C=C + 4 H
I I | \
HHH H H H
Propan-1-ol Propene Water

Sulfuric acid can also be used as a catalyst, and the
reaction mixture is warmed to approximately 170 °C.




Organic Chemistry

Reactions of the Alcohols — Oxidation

Alcohols can be oxidised to carboxylic acids using i) acidified potassium
dichromate(VI) or ii) acidified potassium manganate(VII). This is an
important reaction in organic synthesis.

H o Green

H H
3 H—C:)—(:J—O\ + 2Cr2072' + 16H° — » 3 H—(:)—C/\/ + 4Crt 4 11H,0
HH H H O—H
Ethanol Acidified Dichromate(VI) Ethanoic Acid
||‘| ||‘| Purple . 'T' 0 Ie
5 H—Cli—(IZ—O\ + 4MnO4 + 12H —» 5 H—(|3—C\ + 4Mn"~" + 11H,0
H H H H O—H

Ethanol Acidified Manganate(VIl) Ethanoic Acid




Organic Chemistry

Reactions of the Alcohols — Oxidation

e Ethanol is the alcohol found
In alcoholic beverages such
as beer, wine and spirits.

e If a glass of wine is left
exposed to the air, oxygen in
the air can oxidise the ethanol
to ethanoic acid, making the

wine taste like vinegar.




Organic Chemistry

Reactions of the Alcohols — Sodium

e Ethanol reacts with sodium to form a salt and hydrogen.
ethanol + sodium — sodium ethoxide + hydrogen
2CH,CH,OH + 2Na — 2Na*CH,;CH,O~ + H,
Compare: 2H,0 + 2Na — 2Na* OH- + H,




Organic Chemistry

Reactions of the Alcohols — Sodium

e The density of sodium = 0.968 g cm~3
e The density of water = 1.00 g cm3
e The density of ethanol = 0.789 g cm—3




Organic Chemistry

Reactions of the Alcohols — Sodium

e Consequence: Sodium floats on water,
but sinks in ethanol.

2

R

Tl

9

il



Organic Chemistry

Enrichment — Primary, Secondary and Tertiary Alcohols




Organic Chemistry

Enrichment — Primary, Secondary and Tertiary Alcohols

A
H—?—?—O—H
H H

ethanol is
a primary (1°)
alcohol

e For primary alcohols, the carbon atom to which the
hydroxyl group (—OH) is bonded has only one other
carbon atom directly bonded to it.




Organic Chemistry

Enrichment — Primary, Secondary and Tertiary Alcohols

H
wh o
H=G@o—H H-C-@-Gh
H H H H H
ethanol is propan-2-ol is
a primary (1°) a secondary (2°)
alcohol alcohol

e For secondary alcohols, the carbon atom to which the
hydroxyl group (—OH) is bonded has two other carbon
atoms directly bonded to it.




Organic Chemistry

Enrichment — Primary, Secondary and Tertiary Alcohols

/H /H
H H H O H H O H
N ALl a0 Ll
AEVEL AR L S
3
H H H H H H C_H
H” | °H
ethanol is propan-2-ol is 2-methylpropan-2-ol
a primary (1°) a secondary (2°) is a tertiary (3°)
alcohol alcohol alcohol

e For tertiary alcohols, the carbon atom to which the
hydroxyl group (—OH) is bonded has three other carbon
atoms directly bonded to it.




Organic Chemistry

Enrichment — Primary, Secondary and Tertiary Alcohols

/H /H
L e e
AN SR S A SRR A S A
H H H H H H C_H
primary alcohol secondary alcohol H | H
(ethanol) (propan-2-ol) H

tertiary alcohol
(2-methylpropan-2-ol)

e \WWhen warmed with acidified potassium manganate(VII)
or acidified potassium dichromate(VI), a primary alcohol
will be oxidised to form an aldehyde. The aldehyde can

be oxidised further to form a carboxylic acid.

e Note: Acidified potassium manganate(VII) changes
from purple to and acidified potassium s
dichromate(VI) changes from to green. Lo



Organic Chemistry

Enrichment — Primary, Secondary and Tertiary Alcohols

/H /H
L e e
AN SR S A SRR A S A
H H H H H H C_H
primary alcohol secondary alcohol H | H
(ethanol) (propan-2-ol) H

tertiary alcohol
(2-methylpropan-2-ol)

e \When warmed with acidified potassium manganate(VII)
or acidified potassium dichromate(VI), a secondary
alcohol will be oxidised to form an ketone. The ketone
cannot be oxidised any further.

e Note: Acidified potassium manganate(VII) changes
from purple to and acidified potassium s
dichromate(VI) changes from to green. Lo



Organic Chemistry

Enrichment — Primary, Secondary and Tertiary Alcohols

/H /H
L e e
AN SR S A SRR A S A
H H H H H H C_H
primary alcohol secondary alcohol H | H
(ethanol) (propan-2-ol) H

tertiary alcohol
(2-methylpropan-2-ol)

e |t is not possible to oxidise tertiary alcohols by warming
them with acidified potassium manganate(VII) or
acidified potassium dichromate(VI). There will be no
observed reaction / change.



Organic Chemistry

Enrichment — Primary, Secondary and Tertiary Alcohols

/H /H
L e e
A O AL (v v LA S O A
H H H H H H C_H
primary alcohol secondary alcohol H” | “H
(ethanol) (propan-2-ol) H

tertiary alcohol
(2-methylpropan-2-ol)




Organic Chemistry

Enrichment — Primary, Secondary and Tertiary Alcohols

/H /H
mh Ten b
AR A A A A O
H H H HH H C_H
primary alcohol secondary alcohol H | H
(ethanol) (propan-2-ol) . H
H,SO, + H,S0O, + (2-%23@%535322-00
KMHO4 KMnO4 H.SO, +
W 5 i
4 :
H=C—C H-C—C—C—H e o

(no observed
H H H H reaction / change)

aldehyde (ethanal) ketone (propanone)




Organic Chemistry

Enrichment — Primary, Secondary and Tertiary Alcohols

H H
1 i 19
A L A L
H H H H H H C_H

primary alcohol secondary alcohol H | H
(ethanol) (propan-2-ol) H
tertiary alcohol
l Fll(ﬁoé*' l I;'(-’-Iaoé)*' (2-methylpropan-2-ol)
n n
H 4 H O H 4 lHZSO”
KMnO4
J //O | 1 I tertiary alcohols
H_?_C\ H_?_C_?_H are not oxidised
(no observed
H H H H reaction / change)
aldehyde (ethanal) ketone (propanone)
HZSO4+ H2804+
KMnO,4 KMnQ,
ketones are
III //O not oxidised
A~ (no observed
H=C—C reaction / change)
| \

carboxylic acid
(ethanoic acid)




Organic Chemistry

What are the
essential
reactions of the
carboxylic acids?

e Source of H*(aq)

e Esterification




Organic Chemistry

Properties of the Carboxylic Acids

e Remember, carboxylic acids are weak acids. This
means that they only partially ionize when dissolved
in water to produce hydrogen ions (H*) as the only
positive ion.

e The reactions of carboxylic acids tend to be slower
than the reactions of mineral acids of the same
concentration. Even though the acids are the same
concentration, the carboxylic acid contains a lower
concentration of hydrogen ions, which will result in a
lower frequency of effective collisions.




Organic Chemistry

Reactions of the Carboxylic Acids
Carboxylic acids react with carbonates and hydrogen carbonates to form a
salt, water and carbon dioxide. This can be used as a qualitative test for a
carboxylic acid.

ethanoic acid
CH3COOH(aq)

calcium carbonate
CaCO3(S)




Organic Chemistry

Reactions of the Carboxylic Acids

Acid + Carbonate — Salt + Water + Carbon Dioxide
ethanoic acid + calcium carbonate — calcium ethanoate + water + carbon dioxide
2CH;COOH(aq) + CaCO4(s) —» Ca(CH;COO0),(aq) + H,0O(/) + CO,(9)

white
precipitate

effervescence

ethanoic acid
CH3COOH(aq)

lime water

calcium carbonate
Ca(OH (R
CaCO3(S) ( )2(aq) <n%_
M\a



Organic Chemistry

Reactions of the Carboxylic Acids

Acid + Metal —» Salt + Hydrogen
ethanoic acid + magnesium — magnesium ethanoate + hydrogen
2CH;COOH(aq) + Mg(s) —» Mg(CH;COO),(aq) + Hy(g)

Acid + Alkali/ Base — Salt + Water
ethanoic acid + sodium hydroxide — sodium ethanoate + water
CH;COOH(aq) + NaOH(aq) —» NaCH,;COO(aq) + H,O(/)




Organic Chemistry

Reactions of the Carboxylic Acids

e Esterification is the general name for a chemical reaction in
which a carboxylic acid and an alcohol react to form an ester and
water. Concentrated sulfuric acid is used as the catalyst.

CH,COOH + C,H.OH = CH,COOC,H; + H,O

e The reaction is known as a condensation reaction because
water is produced as one of the products.

e The reaction is reversible and the percentage yield of the ester
can be increased by using Le Chatelier’s Principle, e.g. use
excess alcohol and remove the ester from the reaction vessel.

e Esters often have a pleasant, fruity odor. This leads to their
extensive use in the fragrance and flavor industry. Ester bonds
are also found in many polymers. oy



Organic Chemistry

Reactions of the Carboxylic Acids — Esterification

Esters are have a sweet aroma and are used in the food and
perfume industry.

Conc.
H,SO, H @)

H /7
I //O I Catalyst H_CI)_C H o
H—C—C + O—-C—H — A T 4 H
I\ /] H O—C—H
H O-H H H |
H
Ethanoic Acid Methanol Methyl Ethanoate Water
Conc.
H,SO,
I lII /,O III | Catalyst
H—(IZ—(IZ—C + /O—?—C—H —>

\ |
HH O-H H HH

Propanoic Acid Ethanol




Organic Chemistry

Reactions of the Carboxylic Acids — Esterification

Esters are have a sweet aroma and are used in the food and
perfume industry.

Conc.
H
H o H H2S0, 9
R | Catalyst H—c—c H o
H—C—C + O—C—H —m— A T 4 H
| /| H O—C—H
H O—H H H |
H
Ethanoic Acid Methanol Methyl Ethanoate Water
Conc.
H H
H o HH o S0 T 0
1 | Catalyst H—c—c—c H H o
H—C—C—-C + O C—C—H — RN + 4 H
I N /] H H O-C—-C—H
H H O—H H H H |
H H
Propanoic Acid Ethanol

Ethyl Propanoate Water




Organic Chemistry

Reactions of the Carboxylic Acids — Esterification

propanoic acid + ethanol — ethyl propanoate + water

C,H-COOH (/) + C,H.OH (/) — C,H:COOC,Hs (/) + H,O (I)




Organic Chemistry

Reactions of the Carboxylic Acids — Esterification

propanoic acid + ethanol — ethyl propanoate + water

C,H-COOH (/) + C,H.OH (/) — C,H:COOC,Hs (/) + H,O (I)




Organic Chemistry

Reactions of the Carboxylic Acids — Esterification

propanoic acid + ethanol — ethyl propanoate + water

C,H-COOH (/) + C,H.OH (/) — C,H:COOC,Hs (/) + H,O (I)




Organic Chemistry

Reactions of the Carboxylic Acids — Esterification

propanoic acid + ethanol — ethyl propanoate + water

C,H-COOH (/) + C,H.OH (/) — C,H:COOC,Hs (/) + H,O (I)




Organic Chemistry

Reactions of the Carboxylic Acids — Esterification

+ + + +

T T T T

_ _ o~ _
ITIT—O—T I—0O—I _ T—O—I

_ _ I—O—I _
I—O—I O _ I—O—I

_ o”- O II—QO—I _

NS ITT—O—IT 0O=0 _

_ _ _ O

Hlp_le Hlp_ulH Hln_ulH o~ m_u
T T T T

T T T T

| | o~ _
II—O—I II—O—I _ II—0O—I

_ _ I—O—I _
I—O—T _OL | I—-O—T

_ o” O I—0O—I _

O _ | O.

T T T T

+ + + +

T T T T

_ o~ _ _
Oo. .O _ Oo. O I-O-I

O I—O—I &) _

_ _ _ (@)



Organic Chemistry

Reactions of the Carboxylic Acids — Esterification

e The carboxylic acid and

alcohol are heated under

reflux in the presence of a

catalyst (a few drops of
concentrated sulfuric acid).

) — water out

-«—— water in

e The condenser prevents
volatile organic chemicals
escaping from the reaction

|\\% flask.




Organic Chemistry

Reactions of the Carboxylic Acids — Esterification

e Esters occur
naturally in fruits
and are used in the
food industry and in
perfumery.

e Esters have a
pleasant, sweet,
fruity aroma.
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Reactions of the Carboxylic Acids — Esterification
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Organic Chemistry

Reactions of the Carboxylic Acids — Esterification

e Esters that have a low relative molecular mass tend to
be volatile liquids at room temperature and pressure. For
example, ethyl ethanoate (M. = 88.0) boils at 77.1 °C.

e Esters with a low relative molecular mass are
reasonably good solvents for non-polar compounds, and
are commonly employed as solvents in certain types of
paint, varnish, glue and nail polish.

e For example, once liquid nail polish has been applied,
the volatile ester used as the solvent (usually ethyl
ethanoate) readily evaporates, causing the nail polish to

dry and harden. /R
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Reactions of the Carboxylic Acids — Esterification

S— Polar hydrophilic regions
of ethyl ethanoate hydrogen
O+ O O+ bond to polar water molecules,

H 7 T\ H causing ethyl ethanoate to
be slightly soluble in water.
]

Small, non-polar hydrophobic | /
regions of ethyl ethanoate /

causes slight disruption to the H — C — C o+ H H
hydrogen bonding between | \
/ H | I
|
i

polar water molecules.
Non-polar
hydrocarbon . H H \

region. H N _ H Non-polar

hydrocarbon
O+ O O+ region.

e The solubility of ethyl ethanoate in water at room
temperature is 8.70 g of ester per 100 g of water.
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Reactions of the Carboxylic Acids — Esterification

S— Polar hydrophilic regions
of ethyl propanoate hydrogen
O+ O O+ bond to polar water molecules,

H 7 T\ H causing ethyl propanoate to
be very slightly soluble in water.
]

Non-polar hydrophobic H H 5 C')

regions of ethyl propanoate
cause significant disruption | |

to the hydrogen bonding H C C C S+ H H
I

between polar water |
molecules, reducing the | |

solubility oIT_I evt{rgtleﬁropanoate H H 8_\ CI) (i: C H

Non-polar l
hyd roqarbon H | H H \
region. H
N _ Non-polar
hydrocarbon
O+ (8) O+ region.

e The solubility of ethyl propanoate in water at room
temperature is 7.70 g of ester per 100 g of water.




Organic Chemistry

Reactions of the Carboxylic Acids — Esterification

e Esters are polar molecules, but are unable to form
ester <> ester hydrogen bonds. Consequently, only
weak intermolecular forces of attraction — or
London dispersion forces — exist between ester
molecules, so their melting points and boiling points
are significantly lower than those of a carboxylic
acid composed of the same number of carbon
atoms and with a similar relative molecular mass.



Organic Chemistry

Reactions of the Carboxylic Acids — Esterification

e Although esters cannot hydrogen bond with each other,
they can hydrogen bond with water molecules.

e A hydrogen atom carrying a slight positive charge (6+)
In @ water molecule can form a hydrogen bond with an
oxygen atom carrying a slight negative charge (6-) in the
ester, 6+ H--- 0 6—.

e Because of this, esters with a low relative molecular
mass, and short hydrocarbon chains, are slightly miscible
/ soluble with water.



Organic Chemistry

Reactions of the Carboxylic Acids — Esterification

e The formation of hydrogen bonds between the ester
molecules and water molecules releases some of the
energy that is required to hydrate / solvate the ester.

e However, as the length of the non-polar hydrocarbon
chains increases, it causes greater disruption to the
relatively strong hydrogen bonds between the water

molecules, a process that is energetically unfavourable.

e As a consequence, as relative molecular mass
iIncreases, and hydrocarbon chain-length increases, the
solubility of an ester in water decreases.



Organic Chemistry

Reactions of the Carboxylic Acids — Ester Hydrolysis

e Esters can be hydrolysed (broken down by water) to form the
original carboxylic acid and alcohol. Warm with dilute acid or alkali.

i
/y
H—C—C— H

R

I
H H —C—h
H
Step 1: Break the C—-O bond that is attached to the
C=0 group.

Step 2: Draw the fragments that are produced after the
C—-0O bond has been broken.
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Reactions of the Carboxylic Acids — Ester Hydrolysis

e Esters can be hydrolysed (broken down by water) to form the
original carboxylic acid and alcohol. Warm with dilute acid or alkali.

H H
| | /y

H-C—-C— H
| | \ \ |
H H ~C—H

H
Step 3: Add water, H,O, to the fragments that are formed.

— O-H is bonded to the C=0 group. This completes the carboxylic
acid functional group, —COOH.

— H is bonded to the single O. This completes the alcohol functional

group, —OH. SR
e
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Reactions of the Carboxylic Acids — Ester Hydrolysis

e Esters can be hydrolysed (broken down by water) to form the
original carboxylic acid and alcohol. Warm with dilute acid or alkali.

ITI ITI /) Methanol
H-C—C—C H

H H O—H —C—H

Propanoic Acid |l|

Step 3: Add water, H,O, to the fragments that are formed.

— O-H is bonded to the C=0 group. This completes the carboxylic
acid functional group, —COOH.

— H is bonded to the single O. This completes the alcohol functional

group, —OH. SR
e



Organic Chemistry

How would you
synthesise the
ester ethyl
ethanoate from the
alkene ethene?




Organic Chemistry

Synthetic Pathway

The synthesis of useful organic compounds from relatively small and
simple starting materials is one of the main objectives of an organic
chemist. For example, how would you synthesise the sweet smelling ester,
ethyl ethanoate, from ethene?

H O
H H : v
\ / Synthesis H—-C-C H H
c=C — | \O (|: (|: H
H H H |
H H
Ethene Ethyl Ethanoate

G
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Synthetic Pathway

Ethene
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Synthetic Pathway

H,O /
H,SOy4 H H
H\ /H (catalyst) I
/CZC\ — H—C|3—C|3—O\
H H H H H

Ethene Ethanol




Ethene

Organic Chemistry

Synthetic Pathway

H,O /

H>SOy4

(catalyst) 'TI ITI Cr,0,% | H ITI 0

— H—(|3—(|3—O\ —> H—(E—C\
HH H H O—H

Ethanol Ethanoic Acid




Ethene

Organic Chemistry

Synthetic Pathway

H,O /
H>SOy4
(catalyst) 'TI ITI Cr,0,% | H ITI 0
—> H—C|3—C|3—O\ —> H—(|3—C\
H H H H O—H
Ethanol Ethanoic Acid
H-SOy4
\ (catalyst) /
Iﬁ O
H-c—¢  f H
H O—C—C—

Ethyl Ethanoate




Organic Chemistry

Could | please
have a summary of
the essential
reactions in
organic chemistry?




Organic Chemistry

Summary: Reactions of Organic Compounds

Alkanes
ChH2n+2
Carboxylic Acids Alkenes
CnH2n02 CnH2n
Esters Halogenoalkanes
CnH2n02 CnHan+1Hal

Alcohols
Cn H2n+1 OH
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Summary: Reactions of Organic Compounds

Alkanes
CnHan+2
Carboxylic Acids Alkenes
Cn H2n02 Cn H2n
Esters Halogenoalkanes
CnH2n02 CnHan+1Hal

Alcohols
Cn H2n+1 OH




Organic Chemistry

Summary: Reactions of Organic Compounds

Alkanes
CnHan+2
. . F>C;c Bry)
Carboxylic Acids or o / U.V. light Alkenes
Cn H2n02 Cn H2n
Esters Halogenoalkanes
CnH2n02 CnH2n+1Hal

Alcohols
Cn H2n+1 OH
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Summary: Reactions of Organic Compounds

Alkanes
CnHan+2
. . F>C;c Bry)
Carboxylic Acids or o / U.V. light Alkenes
Cn H2n02 Cn H2n
Esters Halogenoalkanes
CnH2n02 CnH2n+1Hal

Alcohols
Cn H2n+1 OH
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Summary: Reactions of Organic Compounds

Al,O3 (catalyst)

Alkanes / high temperature
CnHan+2
" . Fa(g) Clagg), Brag
Carboxylic Acids or o / U.V. light Alkenes
CnH2n02 CnHZn
Esters Halogenoalkanes

CnH2n02 CnHan+1Hal

Alcohols

CnH2n+1OH
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Summary: Reactions of Organic Compounds

Al,O3 (catalyst)

Alkanes / high temperature
ChHan+2
" . Fa(g) Clagg), Brag
Carboxylic Acids or o / U.V. light Alkenes
CnH2n02 CnHZn
Esters Halogenoalkanes

CnH2n02 CnHan+1Hal

Alcohols

CnH2n+1OH
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Summary: Reactions of Organic Compounds

Al,O3 (catalyst)
Alkanes / hizgh temperature
ChHan+2
. 3 Fa(g) Clagg), Brag
Carboxylic Acids of Iy / U.V. light Alkenes
CnH2n02 Complete CnH2n
combustion
produces
COZ:@]]\ - Hdoll‘\
Esters Halogenoalkanes
CnH2n02 CnHan+1Hal
Alcohols

CnH2n+1OH
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Summary: Reactions of Organic Compounds

Al,O3 (catalyst)
Alkanes / hizgh temperature
ChHan+2
. 3 Fa(g) Clagg), Brag
Carboxylic Acids of Iy / U.V. light Alkenes
CnH2n02 Complete CnH2n
combustion
produces
COZ:@]]\ - Hdoll‘\
Esters Halogenoalkanes
CnH2n02 CnHan+1Hal
Alcohols

CnH2n+1OH
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Summary: Reactions of Organic Compounds

Al,O3 (catalyst)

Alkanes / high temperature
CnHan+2 v
sz‘q: /
Ni, (catalyst)
" . Fa(g) Clagg), Brag
Carboxylic Acids of Iy / U.V. light Alkenes
CnH2n02 Complete CnH2n
combustion
produces
COZ:@]]\ - Hdoll‘\
Esters Halogenoalkanes
CnH2n02 CnHan+1Hal
Alcohols

CnH2n+1OH
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Summary: Reactions of Organic Compounds

Al,O3 (catalyst)

Alkanes / high temperature
ChHan+2 v
sz‘q: /
Ni, (catalyst) Tey
5 . Fa(g) Clagg), Brag
Carboxylic Acids of Iy / U.V. light Alkenes
CnH2n02 Complete CnHzn
combustion
produces
COZ:@]]\ . Hdoll‘\
Esters Halogenoalkanes

CnH2nO2 CnHon+1Hal

Alcohols

CnH2n+10H
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Summary: Reactions of Organic Compounds

Al,O3 (catalyst)

Alkanes / high temperature
CnH2n+2
\ Test for an alkene:
Hag) / Orange Bry,q is
Ni, (catalyst) Tey decolourised
" ’ Fag) Clagg): Brag)
Carboxylic Acids of Iy / U.V. light Alkenes
CnHZnOZ Complete CnHzn
combustion
produces
Cozzgj\ . HZOJI‘\
Esters Halogenoalkanes
CnH2n02 CnH2n+1Hal
Alcohols

CnH2n+10H




Organic Chemistry

Summary: Reactions of Organic Compounds

Al,O3 (catalyst)

Alkanes / high temperature
CnHan+2
\ Test for an alkene:
Haq) / Orange Bry,q is
Ni, (catalyst) Tey decolourised
" ’ Fag) Clagg): Brag)
Carboxylic Acids of Iy / U.V. light Alkenes
CnHZnOZ Complete CnHzn
combustion
produces
Cozzgj\ . HZOJI‘\
Y
Esters Halogenoalkanes
CnH2n02 CnH2n+1Hal
Alcohols

CnH2n+10H
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Summary: Reactions of Organic Compounds

Al,O3 (catalyst)

Alkanes / high temperature
CnH2n+2
\ Test for an alkene:
Haq) / Orange Bry,q is
Ni, (catalyst) Tey decolourised
. g FZ{g:v Clz-:gw Br;’rllj-
Carboxylic Acids of Iy / U.V. light Alkenes
CnHZnOZ Complete CnHzn
combustion
produces
COngj\ + HZO‘IU
HF y, HCl), HBr g, or Hlg)
/ room temperature
and pressure
Y
Esters Halogenoalkanes
CnH2n02 CnH2n+1Hal
Alcohols

CnH2n+10H
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Summary: Reactions of Organic Compounds

Al,O3 (catalyst)

Alkanes / high temperature
CnH2n+2
\ Test for an alkene:
Haq) / Orange Bry,q is
Ni, (catalyst) Tey decolourised
. g FZ{g:v Clz-:gw Br;’rllj-
Carboxylic Acids of Iy / U.V. light Alkenes
CnHZnOZ Complete CnHzn
combustion
produces
COngj\ + HZO‘IU
HF y, HCl), HBr g, or Hlg)
/ room temperature
and pressure
Y
Esters Halogenoalkanes
CnH2n02 CnH2n+1Hal
Alcohols

CnH2n+10H
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Summary: Reactions of Organic Compounds

Al,O3 (catalyst)

Alkanes / high temperature
ChH2n+2
\ Test for an alkene:
T Hag)/ Orange Bryyq is
Ni, (catalyst) Tey decolourised
. . Fa(g) Clagg), Brag
Carboxylic Acids of Iy / U.V. light Alkenes
CnHZnOZ Complete CnHZn
combustion
produces
COngj\ + HZO‘IU
HF y, HCl), HBr g, or Hlg)
/ room temperature
and pressure
H,O / conc
H,S04) (catalyst) v
Esters Halogenoalkanes
CnH2n02 CnH2n+1Hal
Alcohols

CnH2n+10H
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Summary: Reactions of Organic Compounds

Al,O3 (catalyst)

Alkanes / high temperature
CnHan+2
\ Test for an alkene:
T Hag)/ Orange Bryyq is
Ni, (catalyst) Tey decolourised
. . Fa(g) Clagg), Brag
Carboxylic Acids of Iy / U.V. light Alkenes
CnHZnOZ Complete CnHZn
combustion
produces
COngj\ + HZO‘IU
HF y, HCl), HBr g, or Hlg)
/ room temperature
and pressure
H,O / conc
H,S04) (catalyst) v
Esters Halogenoalkanes
CnH2n02 CnH2n+1Hal

Alcohols
CnH2n+10H
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Summary: Reactions of Organic Compounds

Al,Og3 (catalyst)
Alkanes / high temperature
ChH2n+2
\ Test for an alkene:
T Hag)/ Orange Bry,) is
Ni¢, (catalyst) Tey decolourised
: " Fa(g), Clag), Brag
Carboxylic Acids or I / U.V. light Alkenes
CnH2nO2 Complete CnH2n
combustion
produces
COyg) + H2O0y,
HF y, HCl), HBr g, or Hlg)
Conp / room temperature
H3PO4(aq) and pressure
(catalyst)
/ reflux
H,0, / conc
V4
H2S04.q) (catalyst) v
Esters Halogenoalkanes
CnH2n02 CnHan+1Hal

Alcohols
Cn H2n+1 OH




Organic Chemistry

Summary: Reactions of Organic Compounds

Al,O3 (catalyst)
Alkanes / high temperature
Cn|'|2n+2
\ Test for an alkene:
_ Hag) / Orange Bry, is
Ni¢) (catalyst) Tey decolourised
. . Fag) Clagg) Brag)
Carboxylic Acids or Iy / U.V. light Alkenes
CnH2n02 Complete CnHan
combustion
produces
COZI‘Q]\ ;.3 HZO{IA
HFy, HClg), HBr g, or Hl g,
Conp / room temperature
H3PO4(aq) and pressure
(catalyst)
/ reflux
H,0, / conc
V4
H2S04.q) (catalyst) v
Esters Halogenoalkanes
CnH2n02 CnHan+1Hal

Alcohols /

CnH2n+1OH
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Summary: Reactions of Organic Compounds

Al,Og3 (catalyst)
/ high temperature

Alkanes
Cn H2n+2

\ HZL(}: /
Ni, (catalyst)

Faig): Clagg), Brag)

Test for an alkene:
Orange Bry,) is

Tey decolourised

Carboxylic Acids or Iy / U.V. light Alkenes
CnH2nO2 Complete CnH2n
combustion
produces
COyg) + H2O0y,
HF y, HCl), HBr g, or Hlg)
Conp / room temperature
H;)_Ppm_‘aqv, and pressure
(catalyst)
/ reflux
H,O, / conc
H,S04) (catalyst) v
Esters Halogenoalkanes
CnH2n02 CnHan+1Hal

NaOHr‘.e‘:m
/ reflux

Alcohols
Cn H2n+1 OH
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Summary: Reactions of Organic Compounds

Al,O3 (catalyst)
/ high temperature

Alkanes
Cn H2n+2

\ Test for an alkene:
H:;’qu /
Ni, (catalyst)

Test decolourised
Fa(g) Clagg), Brag

of Iy / U.V. light Alkenes

Carboxylic Acids
Cn H2n02

Complete

combustion
produces
COngj\ . HZO‘IU
HF y, HCl), HBr g, or Hlg)

Conp / room temperature
H:»Pp/hjaqy and pressure
(catalyst)

/ reflux

H,O / conc
H,S04) (catalyst) v
Esters Halogenoalkanes
CnH2n02 CnHan+1Hal

NaOHie‘:m
/ reflux

Alcohols
Cn H2n+1 OH
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Summary: Reactions of Organic Compounds

Al,Og3 (catalyst)
/ high temperature

Alkanes
Cn H2n+2

\ HZL(}: /
Ni, (catalyst)

Faig): Clagg), Brag)

Test for an alkene:
Orange Bry,) is

Tey decolourised

Carboxylic Acids or Iy / U.V. light Alkenes
CnH2nO2 Complete CnH2n
combustion
produces
COyg) + H2O0y,
HF y, HCl), HBr g, or Hlg)
Conp / room temperature
H3PO4(aq) and pressure
Acidified (catalyst)
K/,,\CrZO?,q “ / reflux
T reflux H2O:1J,/ conc
H2S04.q) (catalyst) v
Esters Halogenoalkanes

CnH2n02 CnHan+1Hal

NaOHr‘.e‘:m
/ reflux

Alcohols
Cn H2n+1 OH
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Summary: Reactions of Organic Compounds

Al,Og3 (catalyst)
/ high temperature

Alkanes
Cn H2n+2

\ HZL(}: /
Ni, (catalyst)

Faig): Clagg), Brag)

Test for an alkene:
Orange Bry,) is

Tey decolourised

Carboxylic Acids or Iy / U.V. light Alkenes
CnH2nO2 Complete CnH2n
combustion
produces
COyg) + H2O0y,
HF y, HCl), HBr g, or Hlg)
Conp / room temperature
H3PO4(aq) and pressure
Acidified (catalyst)
K/,,\CrZO?,q “ / reflux
T reflux H2O:1J,/ conc
H2S04.q) (catalyst) v
Esters Halogenoalkanes

CnH2n02 CnHan+1Hal

NaOHr‘.e‘:m
/ reflux

\ Alcohols

CnH2n+1OH
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Summary: Reactions of Organic Compounds

Al,Og3 (catalyst)
Alkanes / high temperature
ChH2n+2
\ Test for an alkene:
T Hag)/ Orange Bry,) is
Ni¢) (catalyst) Tey decolourised
: " Fa(g), Clag), Brag \
Carboxylic Acids or I / U.V. light Alkenes
CnH2nO2 Complete CnH2n
combustion
produces
COng) * HZOHJ
HF y, HCl), HBr g, or Hlg)
Conp. / room temperature
H3PO4(aq) and pressure
Acidified (catalyst)
K.Cr0- / reflux
2w 12V7(aq)
/ reflux H,0y) / conc
H,S04) (catalyst) v
Esters Halogenoalkanes
CnH2n02 CnHan+1Hal

Carboxylic acid / conc.
H2S04(aq) (catalyst)
/ reflux

Alcohols

NaOHr‘.e‘:m
/ reflux

CnH2n+1OH
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Summary: Reactions of Organic Compounds

Al,Og3 (catalyst)
/ high temperature

Alkanes
Cn H2n+2

\\ Hagy/
Ni) (cataly&

Faig): Clagg), Brag)

Tey decolourised

Test for an alkene:
Orange Bry,) is

Carboxylic Acids or Iy / U.V. light Alkenes
CnH2nO2 Complete CnH2n
combustion
produces
COyg) + H2O0y,
HF y, HCl), HBr g, or Hlg)
Conp. / room temperature
H3PO4(aq) and pressure
Acidified (catalyst)
K,Cra07ac: / reflux
T reflux H2O:1J,/ conc
v H2S04.q) (catalyst) v
Esters Halogenoalkanes

CnH2n02 CnHan+1Hal

Carboxylic acid / conc.
H2S04(aq) (catalyst)
/ reflux

Alcohols
Cn H2n+1 OH

NaOHr‘.e‘:m
/ reflux
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Summary: Reactions of Organic Compounds

Al,O3 (catalyst)
/ high temperature

Alkanes

CnH2n+2

\ HQ\Q% /
Ni, (catalyst)

Faig): Clagg), Brag)

Test for an alkene:

Orange Bry,) is

decolourised.

Carboxylic Acids or Iy / U.V. light Alkenes
CnH2nO2 Complete CnH2n
combustion
produces
COng) * HZOHJ
Alcohol / conc. HF ), HCl ), HBrg, or Hlg,
H,S04aq) (Catalyst) Conc. / room temperature
/ reflux H3PO4aq) and pressure
Acidified (catalyst)
K,}er)o?’ﬂ‘ / reflux
I reflux Hzo:h’/ conc
v H2S04.q) (catalyst) v
Esters Halogenoalkanes
CnH2n02 ChHon+1Hal

Carboxylic acid / conc.
H2S04(aq) (catalyst)
/ reflux

/ reflux

Alcohols
Cn H2n+1 OH

NaOHr‘.a‘:Q
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Summary: Reactions of Organic Compounds

Al,O3 (catalyst)
/ high temperature

Alkanes

W

CnH2n+2

\ HQ\Q% /
Ni, (catalyst)

Faig): Clagg), Brag)

Test for an alkene:

Orange Bry,) is

decolourised.

Carboxylic Acids or Iy / U.V. light Alkenes
CnH2nO2 Complete CnH2n
combustion
produces
COng) * HZOHJ
Alcohol / conc. HF ), HCl ), HBrg, or Hlg,
H,S04aq) (Catalyst) Conc. / room temperature
/ reflux H3PO4aq) and pressure
Acidified (catalyst)
K,}er)o?’ﬂ‘ / reflux
I reflux Hzo:h’/ conc
v H2S04.q) (catalyst) v
Esters Halogenoalkanes
CnH2n02 ChHon+1Hal

Carboxylic acid / conc.
H2S04(aq) (catalyst)
/ reflux

/ reflux

Alcohols
Cn H2n+1 OH

NaOHr‘.a‘:Q
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Summary: Reactions of Organic Compounds

Test for a carboxylic acid:
Effervescence observed with

Al O (catalyst)
Na,CO; or NaHCOs. Alkanes / high témperature
Gas produces white precipitate CnH2n+2
with lime water. \ Test for an alkene:
Hag) / Orange Bry,q) is
w Ni) (catalyst) Tey’ decolourised.
. . Fag), Clag), Brag) \
Carboxylic Acids or Iy / U.V. light Alkenes
CnhH2nO2 Complete ChHan

combustion
produces

Alcohol / conc.
H2S04(q) (catalyst)

COyq) + H20y, / /

HF“}1 HCl[g], HBF.:Q:, Qor Hl.:g:,

{ reflux
Acidified
KZCGO?[aq]
{ reflux
A4
Esters
CnHZnOZ

Carboxylic acid / conc.
H,S0,44q) (catalyst)
/ reflux

Conc / room temperature
H3POy(aq) and pressure
(catalyst)

/ reflux

H,Oy, / conc.
H,S04q (catalyst) v
Halogenoalkanes
Cn H2n+1 Hal
Alcohols

CnH2n+1OH
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