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Organic Chemistry Il - Reactions |

To succeed with this topic you need to

Be able to name and draw organic molecules (Factsheet 15)
have revisited Factsheet 5 (‘Bonding’) and Factsheet 06
(‘Structure of elements and compounds’) so you understand the
bonding and shapes of organic molecules.

After working through this Factsheet you will

Know the reactions of the families alkanes, alkenes and
halogenoalkanes.

Know the conditions and reagents for the reactions

Understand how the bonding in the compounds influences their
reactions

Know some of the terms used in reaction mechanisms.

Reaction Mechanisms
When compounds or elements react then bonds are broken and bond
formed in the chemical reaction.

The reaction mechanism is the method used to show the bond making
breaking processes by explaining what happens to the electrons invol
in bonding.

Exam Hint - Unfamiliar compounds are used in questions but the
secret is to leam how the family of compounds reacts. You identify the
family the unfamiliar compound belongs to, remember how the family
reacts and then apply this to the compound. Again, being able to name
organic compounds is essential.

Reactions in organic chemistry

=

Substitution — When an atom or ‘group’ in a molecule is replaceq by
another atom or ‘group’

Addition —When two molecules react to form a single product.

s Blighination —When a simple molecule e.g. HCI, HBy(Hlis remove
from a molecule and not replaced.

4
ve

drolysis - When water reacts with a molecule and the molecUje is
it into two parts.

N.B. A2 Units require a much more detailed use of reaction mechanisrﬁag!(aneS

@ Definition of Terms

Term Definition Example
Free A species with Cl,- Cl+CI
Radical a singleunpaired the. on the Cl

electron represents the unpairgf
electron
Nucleophile A donator of alone pair
. L . <) ®
(literally 'liking | of electrons (which so Homlc—
the nucleus/ forms a new covalent l |
positive charge?) bond) HO— lC—
|
Electrophile An acceptorof |
(literally 'liking | alone pair of The Cli—
electrons/ electrons (so in th le ab
negative chargel) forming a new in the example above
covalent bond)
Homolytic When a bond breaks A X B
Fission andoneelectron goes
to eachatom (forming l
free radicals) Ax + B
Heterolytic When a bond breaks A X B
Fisson andboth electrons go
to one atomforming o l ®
ions) A4 B

First let us revise what we covered in Factsheet number 15 about alkanes
Alkanes are hydrocarbons (made of carbon and hydrogen only).

In anhomologous seriegdiffer from one another by only —CH
Alkanes have general formulaof C H, ...

Alkanes are saturated compounds (Contain only single carbon bonds
i.e. C-C).

Reactions

Alkanes are relatively unreactive because of the strength of the C — C and
C — H bonds they contain. The two reactiallsalkanes undergo are :

1. Burning inexcess oxygeto formcarbon dioxide andwater

e.g. CH, + 3%Q - 2CO,+ 3H,0

Or 2CH,+ 70, - 4CQ, + 6HO)

Reaction type : combustion

React with Clor Br, in the presence of UV light/sunlight to form a
complex mix of halogenoalkanes and hydrocarbons.

UV Light

Cl + CH, — CH.Cl, CH,Cl,, CH.Cl, etc + HCI

Reaction type:substitution
Mechanism: free radical

Alkenes
Unsaturated hydrocarbons (i.e. C=C) with a general formulatyf C
The C=C bond is

C Cc

The double bond containgebond and a-bond. Theo— bond is strong

(the bond pair is in the plane between the two carbon nuclei) Bat the
bond is weaker (the bond pair of electrons lies outside the plane of the
nuclei). Therebond will break so other atoms / groapisl on to the C—C link.

—9—
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Reactions

1. Burning inexcess oxygeto formcarbon dioxide andwater. Markovnikov's Rule

‘When a hydrogen halide is added to a double bond, the hydipgen
always goes to the C atom with the most H atoms on it already’

H
Reaction type: combustion |

e.g. CH,+30, - 2CO, + 2HO

H—C —C= C H + HBr
2. Alkenes and hydrogen react when mixed deated nickel catalyst J' ||_|
H H H _ H H H / \
L1 Ni Ll
H=G—C=C—H + Hhear = H—(—C—C—H H Br HoH
I I
H H H H H—C—C—C—H H— c—c C—H
alkene alkane I 1]
. . H H H H H H
Reaction type: Addition correct wron
Condition: Heat + Ni 9
Mechanism: Electrophile

Exam Hint - This is very commonly tested in examinations I

3. Alkenes react witforomine / chlorine (halogens)

P Ty
H—C=C—H + Br,

Halogenoalkanes (haloalkanes)

|
oo

Br Br The general formulais &, . X, where X = Cl, Bror I.
alkene halogenalkane This means théunctional group is ahalogen atom
Reaction type: Addition All halogenoalkanes react in tkame waywith thesame reagentsbut
Mechanism: Electrophile the different halogens do affect tla¢es of reaction The difference in the

rate is explained by th@ond energiesshown below:

== A solution of bromine in hexane (or trichloromethene) withput c—Cl 338 kJ molt
heating, decolourises when added to a compound containing a GfC or C-Br 276 kJ mott
triple bonds. This is an important test used for dectecting unsaturgtion. C—l 238 kJ mott

NB. if bromine water (solution of bromine and water) is used, ghe
solution is also decolourised, but a different product is formed.

H H

Cl is a moreelectronegativeatom that bromine which in turn is more
electronegative than iodine, so creating dipoles,

o & o & o &
€ Br —€ |

| | H H
H—C=C—H + Br/HO - H_C_(l;_H + HBr

Br OH The C—Cl bond is stronger than C-Br, which means more energy is needec

2-bromoethanol

4. Alkenes addhydrogen halides(e.g. HCI, HBr, etc)

Py P
H—C—C=C—C—H + HCI - H—C—|C—C|:—C—H
H H H H CI H

alkene halogenoalkane
Reaction type: Addition
Mechanism: Electrophile

5. Oxidation by alkalinepotassium manganate(VIl) solution

(KMnO (aq))

P P
H—(|3—C=C—H+[O] + HO - H—?—C—C—H
H alkene R OH OH

alcohol (diol)
Reaction type:  Addition
Condition: Alkaline
Mechanism: Electrophile

to break it so chloroalkanes will react slower than bromoalkanes,
i.e. rates of reactions, C—I > C-Br > C-ClI

Reactions
In the following examples ‘X’ is used for the halogen because ClI, Br and
I will all react in the same way.

1. Reaction wittaqueous sodium (or potassium) hydroxidt form aralcohol

CH,CH,X + NaOH - CH,CH,0H + NaX

haloalkane alcohol
Reaction type:  Substitution
Conditions: Aqueous + boil under reflux
Mechanism: Nucleophilic

2. Reaction withpotassium cyanideto form anitrile (or cyanide).

CHX + KCN - CHCN + KX
haloalkane cyanide (nitrile)
Reaction type:  Substitution
Conditions: KCN in water/ethanol + boil under reflux
Mechanism: Nucleophilic

‘-_‘* The decolourisation of an alkaline potassium manganatgVIl)
solution is another test for C=C bonds/unsaturation.
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3. Reaction withammonia to formamines

{ 1
CH;-CH—CH, +2NH, ~ CH;CH—CH, + NHX
haloalkane amine
Reaction type:  Substitution
Conditions: NH, in ethanol + heat
Mechanism: Nucleophilic

4. Reaction withethanolic potassium hydroxideto form alkenes
H H H H

| |
H—C—C—H + KOH -~ H—C=C—H + KX +HO

H X
Reaction type: Elimination
Conditions: KOH in ethanol + boil under reflux

Tests for functional groups

Group/Family Test Result

Alkene C=C Colour of bromine
solution goes from brow

to colourless

Shake with bromine
water, Br(aq)

Chloroalkane | 1. Warm with NaOH(aq)White precipitate -

5. 2-bromopropene will react with each of the following:
(i) KCN
(i) KOH (aq)
(iyNH
For each reaction give the
(a) balanced chemical equation
(b) reagents and conditions

6. Give the name and structural formula of the organic product in each

reaction.
(8) CH,CHICH,

NaOH(aqz A

th li
(b) CH-CHBr =225 B
KOH
(©) CH-CH=CH, /2 5 ¢
@) cH=cH, =5 D

Answers

1. (a) UV Light/Sunlight
(b) HBr, CH. Br, CHBr, CH.Br, etc
(c) Substitution

2. (a) GH, +4%Q - 3CQ, + 3H,0 (or ‘doubled’)
(b) CH,, + 12%Q - 8CQ, + 9H,0 (or ‘doubled’)

() GH.. +6%Q - 4CO, + 5HO (or ‘doubled’)

10

C-Cl soluble in dil.NH(aq) 3. (a)alkane (b)alkene (c)alkene (d) alkane
Bromoalkane | 5 add dilute HN Cream precipitate - 4. () CH3C_H_2CI_-|=CH2 + Hl - CHCH,CHCH,
C-Br until just acidicq soluble in conc. Ni{aq) Condition: goes at room teperature

(i) CH,CH,CH=CH, + Br, »~ CH,CH,CHICH,
lodoalkane 3. Add AgNQ(aq) Yellow precipitate - Condition: Bgin hexane at room temperature
Cl insoluble in conc. Niaq)

(i) CH ,CH,CH=CH,+ [O] + HO - CH,CH,CHBr-CH,Br
Condition: KMnQ, in alkaline soultion

(iv) CH,CH,CH=CH, + H, -~ CH,CH,CH,CH,
Condition: Heat + Nickel catalyst
I|3r ICN
5. () CH,-CH-CH, + KCN - CH,-CH-CH, + KBr
Condition: boil KCN dissolved in mixture of water and ethanol
Br (I)H
(i) CHS-d:H-CH3 + NaOH - CH,-CH-CH, + NaBr
Condition: boil under reflux with NaOH(aq)
Br NH,
(iii)CHS-&H-CH3 +2NH, - CH3-32H-CI—|3 + NH,Br
Condition: heat concentrated solution of Nk ethanol

Exam Hint - Candidates will be expected to know the tests for functional
/family groups.Thorough knowlege of the reactions outlined in this
Factsheet may be expected.

Practice Questions
1. Propane will react with bromine under the correct conditions.
(@) What are the conditions used?
(b) Give the formula ofour compounds likely to be formed by the
reactions.
(c) What type of reaction is this?

2. Write the balanced chemical equations for the reaction of the foIIowigg

compounds with oxygen. A = CHCHOHCH, Propan-2-ol

(a) Propane (b) Octane (c) Butane B = CH=CH, Ethene
3. Which family do the following hydrocarbons belong to?

(@ GH, (b)GH,, ()CGH, () GH, C = CHCHBrCH, 2-bromopropane
4. But—1-ene reacts with each of the following: D = CH.CH, Ethane

@i HI (i) Br, (i) KMnO, (iv) H,
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For each reaction give the
(a) Balanced chemical equation
(b) reactions and conditions



