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Alkanes and Alkenes
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Special cases:

CHO C OH

OO

2CO2 (g) + H2O (l)
conc. KMnO4 

H2SO4 (aq), heat
oxidation

CO2 (g) + H2O (l)HCOOH (methanoic acid) conc. KMnO4 

H2SO4 (aq), heat
oxidation

excess conc. H2SO4, 170oC

CO2 (g) + H2O (l)

C

HO
O

C O

Br2 (l) in CCl4  or  Br2 (g)
(CCl4 acts as a solvent)

Br2 (aq)

H2(g), Ni catalyst, 150oC

HBr (g)
[cannot use HBr (aq)]

cold, dil KMnO4 / NaOH (aq) 
or
cold, dil KMnO4 / H2SO4 (aq)

alcoholic KOH 

propene

methane

heat under reflux

CH3

CH3

CH3

CH3

CH3

or   Al2O3 cat, 400oC

electrophilic addition

electrophilic addition

Lab method:
conc. H2SO4, cold
followed by H2O(l), warm 

Industrial method:
H2O (g) , 60 atm , 
conc. H3PO4, 300oC   
electrophilic addition

addition / reduction

electrophilic addition

oxidation

conc. KMnO4 

H2SO4 (aq), heat
oxidation

conc. KMnO4 

H2SO4 (aq), heat
oxidation

conc. KMnO4 

H2SO4 (aq), heat
oxidation

elimination

elimination

free radical
 substitution

CH3

methyl benzene

CH3
Br

CH3

Br

CH3
NO2

CH3

NO2

NO2

benzene

NH2

Br

CH2Cl

COOH

CH2CH3 COOH

+ CO2 + 2H2O

Br2(l), 
anhydrous FeBr3

limited Cl2 (g)
uv or heat

KMnO4 / dil H2SO4, heat 

Br2 (l), anhydrous FeBr3

CH3Cl, anhydrous FeCl3

friedel crafts alkylation 

electrophilic substitution
     

Sn / conc. HCl, 
heat followed by 

phenylamine

conc. HNO3, conc. H2SO4, 55 - 60oC

NaOH is needed to convert C 6H5NH3
+Cl- to C6H5NH2

conc. HNO3,
conc. H2SO4, 30oC

(yellow oil)

NaOH (aq)

Arenes

2,4-directing
deactivating

2,4-directing
activating

3-directing
deactivating

-NH2-OCH3

-OH

-CH3-F

-Cl

-Br

-I

-CHO

-CO2H

-COR-CN

-SO2H-NO2
reactivity

-NHCOR-CH=CR2

+ HBr

Note: 
1. Acidified K2Cr2O7 is not 
strong enough to oxidise 
side chain of benzene ring.

2. Any length of alkyl chain 
can be oxidised to form 
benzoic acid. However, if 
the benzylic position is 
completely substituted, 
oxidation does not occur.

CH3−C−CH3

CH3

cannot be 
oxidised by hot, 
acidified KMnO4.

electrophilic substitution

electrophilic substitution

electrophilic 
substitution

electrophilic substitution

free radical substitution

reduction

KMnO4 / 
dil H2SO4

heat 

oxidation

oxidation
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Br2 (l), uv or heat

CH

CH3

Cl

H

HBr (g)

excess conc. NH3 in ethanol
heat in sealed tube

CH3CH2OH, Na

ethanolic NaOH, heat

LiAlH4 in dry ether

(if excess CH3CH2Br is used, 
quaternary ammonium salt 
can be formed.)

(CH3CH2)4N+Br-

   quaternary 
ammonium salt

or H2, Ni, heat

ethanolic
KCN, heat

Halogenoalkanes

PBr3 
or NaBr (s), conc. H2SO4, 

[equivalent to HBr (g)], heat 

H2SO4 (aq), heat

NaOH (aq), heat

electrophilic addition

free radical substitution

nucleophilic substitution

substitution

(to produce CH3CH2O− 

nucleophile)
nucleophilic substitution

nucleophilic substitution

elimination

reduction

acid hydrolysis

nucleophilic
substitution

PCl3 or PCl5  or SOCl2 room temp
or HCl(g) with anhydrous ZnCl2, heat

substitution

bromoethane

NaOH (aq), heat

alkaline hydrolysis
CH

CH3

COO-Na+

H +  NH3

C

H

CH3 Br C

H

CH3 OH

OHBr

NaOH (aq)

heat
C HCH3

O

germinal diol (unstable)

- H2O

Alcohols

C

H

H C H

X

H

H

red P + I2, heat (to produce PI3)

To produce R-Br

To produce R-I
(X: Cl, Br or I)

To produce R-Cl
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H

H H
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H C H
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H

H

C
O

R
OCH2CH3

C C
H

H H

H

K2Cr2O7 (aq), dil H2SO4

heat with immediate distillation

K2Cr2O7 (aq) or KMnO4 (aq)
dil H2SO4, heat under reflux

excess conc. H2SO4, 170oC

Na (s)

RCOOH, conc. H2SO4, heat
or RCOCl, room temp

C
O-Na+

O

H + CHI3

yellow ppt

I2 , NaOH (aq), warm

Laboratory method
conc. H2SO4, cold 
followed by H2O (l) , warm

Industrial method:
H2O (g) , 300oC, 
60 atm, conc. H3PO4 

NaOH (aq), heat

LiAlH4 in dry ether or
NaBH4 or
H2, Ni, heat 2o alcohol ketone

iodoform test

presence of 

OH

C

H

R
positive test: 
yellow ppt of 
CHI3 seen

CH3

K2Cr2O7 (aq) or KMnO4 (aq)
dil H2SO4, heat under reflux

C

H

H C H

OH

H

H
ethanol (1o alcohol)

CH3 CH3

CH3

CH3

(iodoform test)
oxidation

Note: Ethanol is the only primary alcohol 
that gives a positive iodoform test.

electrophilic addition

nucleophilic substitution

reduction

LiAlH4 in dry ether

reduction

oxidation

reduction

oxidation

oxidation

elimination

redox

condensation

PCl3 or PCl5  or SOCl2 room temp
or HCl(g) with anhydrous ZnCl2, heat

PBr3  or  NaBr(s), conc. H2SO4, 

[equivalent to HBr(g)], heat 

substitution

LiAlH4 in dry ether or
NaBH4 or
H2, Ni, heat 
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Phenol

OH

Br

OH

Br

OH

NO2

OH

NO2

OH

phenol

Br2 (l) in CCl4
room temp

dilute HNO3, room temp

OH

NO2

NO2

O2N

OH

BrBr

Br

O-Na+

Fe ( O )6[ [3_

violet complex

(no need to draw complex)

O
C

O

R

conc. HNO3

room temp

Br2 (aq), room temp

neutral FeCl3
(test for phenol)
complex formation

Na (s)  

NaOH (to form phenoxide ion)
followed by RCOCl (not RCOOH)

white ppt

Note: Phenol does not react with carboxylic acid to 
form phenate ester. Phenol is a weak nucleophile 
as the lone pair of electrons on O delocalises into 
the benzene ring, making it less available for 
donation. NaOH is added to convert phenol to 
phenoxide ion which is a stronger nucleophile.

+ HBr

+ HBr

Note: Even when using dilute HNO3, 
disubstitution of NO2 may still take place.

Note: Phenol and tertiary alcohol 
cannot be oxidised. Only primary and 
secondary alcohols can be oxidised.

phenate ester

acid-base

condensation

electrophilic substitution

electrophilic substitution

electrophilic substitution

electrophilic substitution

or NaOH (aq)

redox

H2 gas evolved if 
reacted with Na (s)

H2O produced 
if reacted with 
NaOH (aq)

Aldehydes

C
OH

O

CH3

C
H

O

CH3

CH

CH3

COOH

OH

+  NH4
+

C
O-

O

CH3
+     Cu2O

  reddish 
brown ppt

C
O-

O

CH3
+      Ag
silver mirror

C
O-Na+

O

H +    CHI3
yellow ppt

CH

CH3

OH

CN

CH

CH3

OH

CH2NH2

CH

CH3

OH

H

NO2

NO2

H

CH3
C NN

H

LiAlH4 in dry ether 
or H2, Ni, heat

Fehling's solution, warm

(test for aliphatic aldehyde)

Tollen's reagent

Ag(NH3)2
+ complex, warm

(test for aldehyde)

2,4-dinitrophenylhydrazine (2,4-DNPH), room temp
(test for carbonyl compounds)

orange ppt

dilute H2SO4, heat

K2Cr2O7 (aq) or KMnO4 (aq)

ketones do not  reduce Fehling’s solution.

Aromatic aldehydes 
  (benzaldehyde)

CHO and

Note:

- ethanal CH3CHO is the only aldehyde with positive iodoform test
- methanoic acid HCOOH has a positive test with Fehling's and 
  Tollen's but negative with 2,4-DNPH

HCN with trace KCN or NaOH, cold

H2SO4 (aq) , heat

LiAlH4 in dry ether or
NaBH4 or
H2, Ni, heat 

acid hydrolysis

reduction

oxidation

oxidation

oxidation

I2 , NaOH (aq), warm

(iodoform test)
oxidation

reduction

K2Cr2O7 (aq), dil H2SO4
heat with immediate distillation

oxidation

condensation

nucleophilic addition

Yellow ppt of 
CHI3 seen

presence of 
methyl ketone

Iodoform test:

RCCH3

O Positive test:

ethanal
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Ketones

CCH3

CH3

COOH

OH

+  NH4
+CCH3

CH3

OH

CH2NH2

CCH3

CH3

OH

H

2,4-dinitrophenylhydrazine (2,4-DNPH), room temp
     (test for carbonyl compounds)

C

CH3

O

CH3 C
O-Na+

O

CH3
+    CHI3
yellow ppt

C

CH3

OH

CNCH3

NO2

NO2
CH3

C NN

H
CH3

orange ppt

Note: Ketone cannot be oxidised 
by acidified K2Cr2O7 or KMnO4.

LiAlH4 in dry ether 
or H2, Ni, heat

reduction

LiAlH4 in dry ether 
or NaBH4 
or H2, Ni, heat 

reduction

K2Cr2O7 (aq) or KMnO4 (aq)
dilute H2SO4, heat

oxidation

condensation

H2SO4 (aq) , heat

acid hydrolysis

HCN with trace KCN or NaOH, cold
nucleophilic addition

I2 , NaOH (aq), warm

(iodoform test)
oxidation

Yellow ppt of 
CHI3 seen

presence of 
methyl ketone

Iodoform test:

RCCH3

O Positive test:

propanone

Carboxylic acids
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O
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O-Na+

O
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CH3
CH3

C
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+

O

CH3

C
O- CH3NH3

+

O

CH3

C
OH

O

CH3

ethanoic acid

CH

CH3

OH

H

LiAlH4 in dry ether

Na (s) 

or NaOH (aq) or Na2CO3 (s)

CH3OH, conc. H2SO4, heat

NH3 (aq)

CH3NH2 (aq)

H2O (l)

ester

amide

Note: Carboxylic acid cannot 
react with phenol to form ester.

Note: Carboxylic acid cannot 
be reduced by NaBH4 or H2/Ni. 

K2Cr2O7 (aq) or KMnO4 (aq)
dilute H2SO4, heat

oxidation

K2Cr2O7 (aq) or KMnO4 (aq)
dilute H2SO4, heat

oxidation

conc. KMnO4
dilute H2SO4, heat

oxidation

H2SO4 (aq) , heat

acid hydrolysis

hydrolysis

H2SO4 (aq) , heat

acid hydrolysis

H2SO4 (aq) , heat

acid hydrolysis

acid base

acid base

condensation

redox

acid base

PCl3 or PCl5  or SOCl2 ,  
room temp 

substitution

reduction

ester



                    2026©Twig Learning Center Pte Ltd • http://twig.sg • We’ve got Chemistry! 5

Acid chlorides
C

OH

O

+  HCl (g)
 white 
fumes

CH3

C
NH2

O

CH3

C
O-Na+

O

CH3

C
O

O

CH3
CH3

C
Cl

O

CH3

ethanoyl chloride

NaOH (aq)

NH3 (g)

H2O (l)

amide

CH3COOH + CH3OH

CH3COO-Na+ + CH3OH

C
N

O

CH3
CH3

H

OH in NaOH

C
O

O

CH3

C
OH

O

CH3

PCl3 or PCl5  or SOCl2 ,  
room temp 

CH3OH, room temp

CH3NH2, room temp

CH3COOH + CH3NH3
+

CH3COO-Na+ + CH3NH2 ester

+   HCl (g)
 white fumes

NH3 (aq)
C

O− NH4
+

O

CH3

hydrolysis

alkaline hydrolysis

condensation

condensation

hydrolysis (to form CH3COOH)
followed by acid-base reaction

condensation

acid hydrolysis

alkaline hydrolysis

substitution

condensation

acid hydrolysis

alkaline hydrolysis

NaOH (aq), heat

H2SO4 (aq) , heat

NaOH (aq), heat

H2SO4 (aq) , heat

CH

CH3

NH2

H

CH

CH3

Br

H

Nitrogen compounds

CH3COOH

HCl (aq)

CH

CH3

H

N CH3

H

limited CH3Br, heat

CH

CH3

NH3
+

H

CH3CO

O
_

H

CH

CH3

NH3
+Cl

_

C

H

H C≡N

H

C
NH2

O

CH3

CH3COOH + NH4
+ CH3COCl, room temp

CH

CH3

N

H

CH3C

O

H

NO2 NH2

3Br2 (aq) +  3HBr

NH2
BrBr

Br

ethylamine

white ppt

H+ (aq)

Note: Phenylamine and 
phenol both decolourise
aqueous Br2  and form 
white ppt.

excess conc. NH3 in ethanol
heat in sealed tube

nucleophilic substitution

LiAlH4 in dry ether 
or H2, Ni, heat

reduction

LiAlH4 in dry ether 
or H2, Ni, heat

reduction

NaOH (aq), heat

acid hydrolysis

alkaline hydrolysis

acid-base

Sn / conc. HCl, heat 
followed by NaOH (aq)

reduction

nucleophilic substitution

acid-base reaction

condensation

amide
+  HCl

electrophilic
substitution

amide

H2SO4 (aq) , heat

CH3COO-Na+ + NH3 (g)


