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Chapter 10 : HALOALKANES AND HALOARENES CLASSIFICAT ION   
On the Basis of Number of Halogen Atoms 

  
Monohalocompounds may further be classified according to the hybridisation of the carbon atom to which the 
halogen is bonded.  

Compounds Containing sp3 C—X Bond (X= F,Cl, Br, I) :  
(a) Alkyl halides or haloalkanes (R—X) :  

 

(b) Allylic halides 

 

(c) Benzylic halides 

 
Compounds Containing sp2 C—X Bond: 

(a) Vinylic halides 

 

(b) Aryl halides  

 
Nomenclature :  

Nature of C-X Bond : 
The carbon atom bears a partial positive charge whereas the halogen atom 
bears a partial negative charge.   
 

 

Methods of Preparation : The hydroxyl group of an alcohol is replaced by halogen on reaction with 
concentrated halogen acids, phosphorus halides or thionyl chloride. Thionyl chloride is preferred because the 
other two products are escapable gases. Hence the reaction gives pure alkyl halides. 

 
The order of reactivity of alcohols with a given haloacid is 3° >2° >1°. 
From Hydrocarbons : 
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(a) By free radical halogenations : 

 
 
 
(b) By electrophilic substitution 

 
 
(c) Sandmeyer’s reaction : Mixing the solution of 
freshly prepared diazonium salt with cuprous chloride 
or cuprous bromide results in the replacement of the 
diazonium group by –Cl or –Br. 

 
Preperation of Iodo benzene 

 
(d) From alkenes 
(i) Addition of hydrogen halides: An alkene is 
converted to corresponding alkyl halide by reaction 
with hydrogen chloride, hydrogen bromide or 
hydrogen iodide. 

 
(ii) Addition of halogens: an important method for 
the detection of double bond in a molecule. Colourless 
vic-dibromide is the product. 

 
Halogen Exchange 
Finkelstein reaction :  

Physical Properties 
Due to greater polarity as well as higher molecular 
mass as compared to the parent hydrocarbon, the 
intermolecular forces of attraction (dipole-dipole and 
van der Waals) are stronger in the halogen derivatives. 
That is why the boiling points of chlorides, 
bromides and iodides are considerably higher than 
those of the hydrocarbons of comparable molecular 
mass. 
For the same alkyl group, the boiling points of alkyl 
halides decrease in the order: RI> RBr> RCl> RF . 
 
The boiling points of isomeric haloalkanes decrease 
with increase in branching. 

 
Boiling points of isomeric dihalobenzenes are very 
nearly the same. Whereas melting Point is of the 
order  Para > Ortho = meta .  

 
Chemical Reactions 

Reactions of Haloalkanes 
(i) Nucleophilic substitution 
(ii) Elimination reactions 
(iii) Reaction with metals. 
 
(i) Nucleophilic substitution reactions 

 
Nucleophile       Substrate                               Product     Leaving Nu-  
 
             --KOH�   ROH + KX 
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When alkyl chlorides/bromides are treated with NaI 
in dry acetone Alkyl iodides are prepared. This 
reaction is known as Finkelstein reaction. 

 
Swarts reaction. 
When an alkyl chloride/bromide in the presence of 
AgF or Hg2F2 or CoF2 or SbF3. Alkyl Fluorides are 
obtained.The reaction is termed as Swarts reaction. 

 

  
             -- H2O�    ROH + HX      

             --NaOR’�ROR’+NaX (Williamson’s synthesis) 
 

RX       --NaI �      RI + NaX (Finkelstein Reaction) 
 

             --NH3�      RNH2 + HX 
 

             --R’NH2�  RNHR’ +HX 
 
             --R2NH�    R3N  + HX 

 
                         --KCN�   RCN + KX 
                                         Alkane nitrile 
                         -- AgCN�    RNC + AgX   
                                           Alkyl isocyanide    

                         --AgNO2� R NO2 + AgX 
                                          Nitro alkane 
 

            RX        -- KNO2�      RONO + KX 
                                               Alkyl nitrites 
 

                         --R’COOAg�      R’COOR + AgX 
                                                         Ester 
 

                         --LIAlH4�  RH + AlX3 + LiX 
                         
 
                         --R’M�    RR’  + MX 
 

Mechanism:  
(a) Substitution nucleophilic bimolecular (SN2) 
i) The rate depends upon the concentration of both the 
reactants. Rate = k [RX] [Nu-] ; Order = 2 
ii) Inversion of Configuration takes place.  
iii) Order of Reactivity  
Primary Halide > Sec.Halide > Tertiary Halide 
 
(b) Substitution nucleophilic unimolecular (SN1) 
i) The rate of reaction depends upon the concentration 
of only one reactant, Rate = k [RX] ; Order = 1. 
ii) Carbocation Intermediate 
iii) Order of Reactivity  
Tertiary Halide > Sec.Halide > Primary Halide 
For a given alkyl group, the reactivity of the halide,  
R-X, follows the same order in both the 
mechanisms R–I> R–Br>R–Cl>>R–F. 

 2-bromopentane gives pent-2-ene as the major 
product. 
CH3CHBrCH 2CH2CH3 -----alc.KOH--� 
                                     CH3-CH=CH-CH 2-CH3 (major)  

3.Reaction with metals 
RX + Mg  ----dry ether -� RMgX 
Grignard reagents are highly reactive and react with any 
source of proton to give hydrocarbons. Even water, 
alcohols, amines are sufficiently acidic to convert them to 
corresponding hydrocarbons. 

 
It is therefore necessary to avoid even traces of moisture 
from a Grignard reagent. On the other hand, this could be 
considered as one of the methods for converting halides to 
hydrocarbons. 
                           Wurtz reaction 
Alkyl halides react with sodium in dry ether to give  
hydrocarbons containing double the number of carbon 
atoms present in the halide. This reaction is known as 
Wurtz reaction.  

 
REACTIONS OF HALOARENES  

1.Nucleophilic substitution 
Aryl halides are extremely less reactive towards 
nucleophilic substitution reactions due to the 
following reasons:  
(i) Resonance effect :  

 
(ii) Difference in hybridisation of carbon atom in 
C—X bond: 
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2.Elimination reactions 
When a haloalkane with β-hydrogen atom is heated 
with alcoholic solution of potassium hydroxide, there 
is elimination of  hydrogen atom from β-carbon and 
a halogen atom from the α-carbon atom.As a result, 
an alkene is formed as a product.  
CH3-CH2Br  -----alc.KOH--� CH2=CH2 +KBr + H2O 
Saytzeff Rule : “in dehydrohalogenation reactions, 
the preferred product is that alkene which has the 
greater number of alkyl groups attached to the doubly 
bonded carbon atoms.” 

Replacement by hydroxyl group 
DOW’S PROCESS 

 
The presence of an electron withdrawing group (-NO2) at 
ortho- and para-positions increases the reactivity of 
haloarenes. 

 

 

2. Electrophilic substitution reactions 
HALOGENATION  

 
Thus, C—Cl bond length in haloalkane is177pm while in 
haloarene is 169 pm. Since it is difficult to break a 
shorter bond than a longer bond, therefore, haloarenes 
are less reactive than haloalkanes towards nucleophilic 
substitution reaction. 
(iii) Instability of phenyl cation:   SN1 mechanism is ruled 
out. 
(iv)Because of the possible repulsion, it is less likely for 
the electron rich nucleophile to approach electron rich 
arenes. 

(iv) Friedel-Crafts reaction 

 
Fittig reaction 

Wurtz-Fittig reaction  

POLYHALOGEN COMPOUNDS  
Trichloro methane (Chloroform) 
The major use of chloroform today is in the production of 
the freon refrigerant R-22. It was once used as a general 
anaesthetic in surgery but has been replaced by less toxic, 
safer anaesthetics, such as ether. 
Chloroform is slowly oxidised by air in the presence of 
light to an extremely poisonous gas, carbonyl chloride, 
(Phosgene). It is therefore stored in closed dark coloured 
bottles completely filled so that air is kept out. 
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NITRATION  

 
SULPHONATION  

 
 
 

 
Triiodo methane (Iodoform) : It was used earlier as an 
antiseptic but the antiseptic properties are due to the 
liberation of free iodine and not due to iodoform itself.  
Freons : The chlorofluorocarbon compounds of methane 
and ethane are collectively known as freons.  
Freon 12 (CCl2F2) is one of the most common freons in 
industrial use. It is manufactured from tetrachloromethane 
by Swarts reaction. 
p,p’-Dichloro diphenyl trichloro ethane(DDT) 

 ========== 

Chapter 11:    ALCHOLS , PHENOLS & ETHERS 
Classification 
Mono, Di,Tri or Polyhydric Compounds 

 

 
Monohydric alcohols may be further classified according to the hybridisation of the carbon atom to 
which the hydroxyl group is attached. 

(i) Compounds containing   bond: 
Primary, secondary and tertiary alcohols: 

 
 

Allylic alcohols: 

 

Benzylic alcohols 

 
 
(i) Compounds containing   bond: 
 

 
 

 
Ethers 
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Ethers are classified as simple or symmetrical (C2H5OC2H5), if the alkyl or aryl groups attached to the 
oxygen atom are the same, and mixed or unsymmetrical, (C2H5OCH3 and C2H5OC6H5 ) .  
 
Structures of Functional Groups 

 
The bond angle in alcohols is slightly less than the 
tetrahedral angle. It is due to the repulsion between 
the unshared electron pairs of oxygen. In phenols, 
the –OH group is attached to sp2 hybridised carbon 
of an aromatic ring. 

The carbon– oxygen bond length (136 pm) in 
phenol is slightly less than that in methanol. This 
is due to (i) partial double bond character on 
account of the conjugation of unshared electron 
pair of oxygen with the aromatic ring and (ii) sp2  
hybridised state of carbon to which oxygen is 
attached. 
In ethers the bond angle is slightly greater than 
the 
tetrahedral angle due to the repulsive interaction 
between the two bulky (–R) groups. The C–O 
bond length (141 pm) is almost the same as in 
alcohols. 

Alcohols and Phenols 
Preparation of Alcohols 
1. From alkenes : (i) By acid catalysed hydration: Alkenes react with water in the presence of acid as 
catalyst to form alcohols. 

 
(ii) By hydroboration–oxidation:  Diborane (BH3)2 reacts with alkenes to give trialkyl boranes as 
addition product. This is oxidised to alcohol by hydrogen peroxide in the presence of aqueous sodium 
hydroxide. 
3CH3CH=CH2  -------B2H6 ---� (CH3CH2CH2)3B  -----H2O2 --�  3CH3CH2CH2OH 
     Propene   Tripropyl borane                                n-Propanol 
2. From carbonyl compounds 
(i) By reduction of aldehydes and ketones: 
Aldehydes yield primary alcohols whereas ketones give secondary alcohols. 

                        
(ii) By reduction of carboxylic acids and esters: 
Carboxylic acids are reduced to primary alcohols in excellent yields by lithium aluminium hydride, a 
strong reducing agent. 
RCOOH     ----LiAlH 4 / H2O -�    RCH2OH 
However, LiAlH4 is an expensive reagent, and therefore, used for preparing special chemicals only. 
Commercially, acids are reduced to alcohols by converting them to the esters followed by their 
reduction using hydrogen in the presence of catalyst .  
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3. From Grignard reagents 
Alcohols are produced by the reaction of Grignard reagents  with aldehydes and ketones. The first step 
of the reaction is the nucleophilic addition of Grignard reagent to the carbonyl group to form an 
adduct. Hydrolysis of the adduct yields an alcohol. 

 

The reaction produces a primary alcohol 
with methanal,  

 

Secondary alcohol with other aldehydes  

 
 

Tertiary alcohol with ketones. 

 
Preparation of Phenols 

1. From haloarenes 

 

2. From benzenesulphonic acid 

 
3. From diazonium salts 

 
 

4. From cumene 

 

Physical Properties  
The boiling points of alcohols and phenols are higher in comparison to other classes of compounds, 
namely hydrocarbons, ethers, haloalkanes and haloarenes of comparable molecular masses. It is due to 
intermolecular hydrogen bonding. 
Solubility : Solubility of alcohols and phenols in water is due to their ability to form hydrogen bonds 
with water molecules 
 
Chemical Reactions 
(a) Reactions involving cleavage of O–H bond 

1. Acidity of alcohols and phenols 
(i) Reaction with metals:  2ROH + 2Na ---� 2RONa + H2 

  
(ii) Acidity of alcohols: The acid strength of alcohols decreases in the following order: 
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(iii) Acidity of phenols: The reactions of phenol with metals and sodium hydroxide indicate its acidic nature. 

 

  This Phenoxide ion is resonance stabilized 

 
2.Esterification : Alcohols and phenols react with carboxylic acids, acid chlorides and acid anhydrides 
to form esters. 

 

The introduction of acetyl (CH3CO) group in 
alcohols or phenols is known as acetylation. 
Acetylation of salicylic acid produces aspirin. 

 
(b)Reactions involving cleavage of carbon–oxygen (C–O) bond in alcohols 
1.Reaction with hydrogen halides: Alcohols react with hydrogen halides to form alkyl halides.  

ROH + HX  →  R–X + H2O 
The difference in reactivity of three classes of alcohols with HCl distinguishes them from one another 
(Lucas test). Alcohols are soluble in Lucas reagent (conc. HCl and ZnCl2) while their halides are 
immiscible and produce turbidity in solution.  
In case of tertiary alcohols, turbidity is produced immediately as they form the halides easily. 
Primary alcohols do not produce turbidity at room temperature.  
2.Reaction with phosphorus trihalides: Alcohols are converted to alkyl bromides by reaction with 
phosphorus tribromide (Refer Unit 10, Class XII). 
3.Dehydration: Alcohols undergo dehydration (removal of a molecule of water) to form alkenes  on 
treating with a protic acid e.g., concentrated H2SO4 or H3PO4, or catalysts such as anhydrous ZnCl2 
or alumina  
 
Ethanol undergoes dehydration by heating it with 
concentrated H2SO4 at 443 K. 

 
 

Secondary and tertiary alcohols are dehydrated 
under milder conditions. For example 
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The relative ease of dehydration of alcohols follows the following order: 30 > 20 > 10 . 
4.Oxidation: Oxidation of alcohols involves the formation of a carbon-oxygen double bond with 
cleavage of an O-H and C-H bonds. 

 

Such a cleavage and formation of bonds occur in oxidation reactions. 
These are also known as dehydrogenation reactions as these 
involve  loss of dihydrogen from an alcohol molecule.   

Depending on the oxidising agent used, a primary alcohol is oxidised to an aldehyde which in turn is 
oxidised to a  carboxylic acid. 

 
Strong oxidising agents such as acidified potassium permanganate are used for getting carboxylic 
acids from alcohols directly. 
 CrO 3 in anhydrous medium is used as the 
oxidising agent for the isolation of aldehydes. 

 
 

Secondary alcohols are oxidised to ketones by 
chromic anhydride (CrO3). 

 
Tertiary alcohols do not undergo oxidation reaction. Under strong reaction conditions such as 
strong oxidising agents (KMnO4) and elevated temperatures, cleavage of various C-C bonds takes place 
and a mixture of carboxylic acids containing lesser number of carbon atoms is formed. 
When the vapours of a primary or 
a secondary alcohol are passed 
over heated copper at 573 K, 
dehydrogenation 
takes place and an aldehyde or a 
ketone is formed while tertiary 
alcohols undergo dehydration. 
  

 
(c)  Reactions of phenols 
1.Electrophilic aromatic substitution 
(i)Nitration: With dilute nitric acid at low 
temperature (298 K), phenol yields a mixture 
of ortho and para nitrophenols. 

The  ortho and  para isomers can be separated by steam 
distillation. o-Nitrophenol is steam volatile due to 
intramolecular hydrogen bonding while   
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p-nitrophenol is less volatile due to intermolecular 
hydrogen bonding which causes the association of 
molecules. 

 
With concentrated nitric acid, phenol is converted to 2,4,6-trinitrophenol. The product is commonly 
known as picric acid. The yield of the reaction product is poor. 

 
(ii) Halogenation: 
(a)When the reaction is carried out in solvents of 
low polarity such as CHCl3 or CS2 and at low 
temperature, 
monobromophenols are formed. 

 

(b)When phenol is treated with bromine water, 
2,4,6-tribromophenol is formed as white 
precipitate. 

 

 
2.Kolbe’s reaction :  
Phenol + NaOH --� Sodium Phenoxide  
----CO2---� Salicylic Acid 

 

3.Reimer-Tiemann reaction 
On treating phenol with chloroform in the presence of 
sodium hydroxide, a –CHO group is introduced at 
ortho position of  benzene ring.  This reaction is 
known as Reimer - Tiemann reaction. 

 

4.Reaction of phenol with zinc dust 
Phenol is converted to benzene on heating 
with zinc dust. 

 

5.Oxidation : Oxidation of phenol with chromic acid 
produces benzoquinone.  

 
Some Commercially Important Alcohols 
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1.Methanol 
Methanol, CH3OH, also known as ‘wood spirit’ , was produced by destructive distillation of wood.  

 
Methanol is a colourless liquid and boils at 337 K.  It is highly poisonous in nature.  Ingestion of even 
small quantities of methanol can cause blindness and large quantities causes even death. Methanol is 
used as a solvent in paints, varnishes and chiefly for making formaldehyde. 
2.Ethanol 
Ethanol, C2H5OH, is obtained commercially by fermentation, the oldest method is from sugars.   
C12H22O11 + H2O   -----Invertase--� C6H12O6  +  C6H12O6 
Sugar in Molasses                                             glucose          fructose 
C6H12O6                          -----Zymase----� 2C2H5OH  +  2CO2 
Fermentation takes place in anaerobic conditions i.e. in absence of air. Carbon dioxide is released 
during fermentation.. 
The action of zymase is inhibited once the percentage of alcohol formed exceeds 14 percent. If air gets 
into fermentation mixture, the oxygen of air oxidises ethanol to ethanoic acid which in turn destroys the 
taste of alcoholic drinks. 
Ethanol is a colourless liquid with boiling point 351 K. It is used as a solvent in paint industry and in 
the preparation of a number of carbon compounds.  
The commercial alcohol is made unfit for drinking by mixing in it some copper sulphate (to give 
it a colour) and pyridine (a foul smelling liquid). It is known as denaturation of alcohol. 
Preparation of Ethers 
1.By dehydration of alcohols 
Alcohols undergo dehydration in the presence of protic acids (H2SO4, H3PO4).  
The formation of  the reaction product, alkene or ether depends on the reaction conditions.  

Dehydration of Ethanol at 443K produces 
Ethene 

CH3CH2OH  ----H2SO4/443K-� CH2=CH2 

Dehydration of Ethanol at 413K produces  
Ethoxy Ethane 
CH3CH2OH  ---H2SO4/413K-� CH3CH2O CH2CH3 

2.Williamson synthesis 
It is an important laboratory method for the preparation of symmetrical and unsymmetrical ethers.  In 
this method, an alkyl halide is allowed to react with sodium alkoxide.  
RX   +   RONa  ----�  ROR  (symmetrical ethers) +  NaX 
RX   +   R’ONa  ----�  ROR’ (unsymmetrical ethers) +  NaX 
 
Ethers containing  substituted alkyl groups 
(secondary or tertiary) may also be prepared by 
this method. The reaction involves SN2 attack of 
an alkoxide ion on primary alkyl halide. 

 
Better results are obtained if the alkyl halide is 
primary. 

In case of secondary and tertiary alkyl halides, 
elimination competes over substitution. If a 
tertiary alkyl halide is used, an alkene is the only 
reaction product and no ether is formed. For 
example, the reaction of CH3ONa with (CH3)3C–
Br gives exclusively 2-methylpropene. 
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Phenols are also converted to ethers by this method. 

 
 
Chemical Reactions 

1.Cleavage of C–O bond in ethers 

 
 

 

However, when one of the alkyl group is a 
tertiary group, the halide formed is a tertiary 
halide. 

 
 
 

It is because in step 2 of the reaction, the departure of leaving group (HO–CH3) creates a more 
stable carbocation (CH3)3C+ , and the reaction follows SN1 mechanism. 
 

2.Electrophilic substitution 
The alkoxy group (-OR) is ortho, para directing and activates the aromatic ring towards 
electrophilic substitution in the same way as in phenol. 
(i) Halogenation: 

 

(ii) Nitration: 

 
(iii) Friedel-Crafts Alkylation: 

 
 

(iv) Friedel-Crafts Acylation: 
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Chapter 12 :  ALDEHYDES , KETONES AND CARBOXYLIC AC IDS 

Organic compounds containing carbon-oxygen 
double bond (>C=O) called carbonyl group, 
 ---OH   �  Carbonyl + Hydroxyl = Carboxylic Acid 

---NH2   � Amides ---OR   �Esters ---X   � Acid Chlorides ---O--- ---R   � Anhydride 
 
Nomenclature : ALDEHYDES => Alkanal ,  KETONES => Alkanone , Acids => Alkanoic Acid 
Amides => Alkanamide   ,  Esters => Alkylalkanoate ,  
Acid Chlorides = > Alkanoyl Chloride , Anhydride = >  (e.g) (CH3CO)2O => Acetic anhydride 
 
Structure of the Carbonyl Group 

 

The carbon-oxygen double bond is 
polarised due to higher electronegativity 
of oxygen relative to carbon.  

 
Preparation of Aldehydes and Ketones 
1.By oxidation of alcohols  : Ref Chapter 11 
2.By dehydrogenation of alcohols : Ref Chapter 11 
3.From hydrocarbons 
(i) By ozonolysis of alkenes: Ozonolysis of alkenes followed by reaction with zinc dust and water gives 
aldehydes, ketones or a mixture of both depending on the substitution pattern of the alkene (Unit 13, Class XI). 
>C=C<    ---O3--� Ozonide ------Zn/H2O--� Aldehyde (or) Ketone 
(ii) By hydration of alkynes: Addition of water to ethyne in the presence of  H2SO4 and HgSO4 gives 
acetaldehyde. All other alkynes give ketones in this reaction (Unit 13, Class XI). 
CH=CH + H2O ---- H2SO4 + HgSO4-�  CH2=CHOH  -tautomerism-� CH3CHO 
CH3C=CH + H2O ---- H2SO4 + HgSO4-�  CH3CHOH=CH 2  -tautomerism-� CH3COCH3 
 
Preparation of Aldehydes 
1.From acyl chloride (acid chloride) 
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Acyl chloride (acid chloride) is hydrogenated over catalyst, palladium on barium sulphate. This reaction is 
called Rosenmund reduction. 

 
2.From nitriles and esters 
Nitriles  are reduced to corresponding imine with stannous chloride in the presence of hydrochloric acid, 
which on hydrolysis give corresponding aldehyde. This reaction is called Stephen reaction. 

 
3.From hydrocarbons 
Aromatic aldehydes (benzaldehyde and its derivatives) are prepared from aromatic hydrocarbons by the 
following methods: 
(i)By oxidation of methylbenzene :  Strong oxidising agents oxidise toluene and its derivatives to benzoic 
acids. However, it is possible to stop the oxidation at the aldehyde stage with suitable reagents that 
convert the methyl group to an intermediate that is difficult to oxidise further.   
(a)Use of chromyl chloride (CrO2Cl2): Chromyl chloride oxidizes methyl group to a chromium complex, 
which on hydrolysis gives corresponding benzaldehyde. This reaction is called Etard reaction. 

 
(b)Use of chromic oxide (CrO3): Toluene or substituted toluene is converted to benzylidene diacetate on 
treating with chromic oxide in acetic anhydride. The benzylidene diacetate can be hydrolysed to 
corresponding benzaldehyde with aqueous acid. 

 
(ii)By side chain chlorination followed by hydrolysis : 
Side chain chlorination of toluene gives benzal chloride, 
which on hydrolysis gives benzaldehyde. This is a 
commercial method of manufacture of benzaldehyde. 

 
 
 

(iii)By Gatterman – Koch reaction 
When benzene or its derivative is treated with 
carbon monoxide and hydrogen chloride in 
the presence of anhy.AlCl3  or CuCl , it gives 
benzaldehyde or substituted benzaldehyde. 

 

Preparation of Ketones 
1.From acyl chlorides : Treatment of acyl chlorides with dialkylcadmium, gives ketones. 
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2.From nitriles :  Treating a nitrile with Grignard reagent followed by hydrolysis yields a ketone. 

 
3.From benzene or substituted benzenes : When benzene or substituted benzene is treated with acid chloride 
in the presence of anhy.AlCl3, it affords the corresponding ketone. This reaction is known as  Friedel-Crafts 
acylation reaction. 

 
Physical Properties : The boiling points of aldehydes and ketones are higher than hydrocarbons and 
ethers of comparable molecular masses. It is due to dipole-dipole interactions. Also, their boiling points are 
lower than those of alcohols of similar molecular masses due to absence of intermolecular hydrogen bonding.  
 
Chemical Reactions :  
1.Nucleophilic addition reactions 

  

(i)Mechanism of nucleophilic addition reactions 
The hybridisation of carbon changes from sp2 
 to sp3  in this process, and a tetrahedral alkoxide 
intermediate is produced. This intermediate captures a 
proton from the reaction medium to give the 
electrically neutral product. 
(ii) Reactivity : Aldehydes are generally more 
reactive than ketones in nucleophilic addition 
reactions due to steric and electronic reasons. 
Sterically, the presence of two relatively large 
substituents in ketones hinders the approach of 
nucleophile to carbonyl carbon than in aldehydes 
having only one such substituent. Electronically, 
aldehydes are more reactive than ketones because two 
alkyl groups reduce the electrophilicity of the carbonyl 
more effectively than in former. 

 
(a) Addition of hydrogen cyanide 
(HCN):  Aldehydes and ketones react with 
hydrogen cyanide (HCN) 
to yield cyanohydrins.    

(b) Addition of sodium hydrogensulphite: Sodium 
hydrogensulphite adds to aldehydes and ketones to form the 
addition products. 
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(c) Addition of Grignard reagents:   (refer Unit 11, Class XII). 
(d) Addition of alcohols:  Aldehydes react with one equivalent of monohydric alcohol in the presence of dry 
hydrogen chloride to yield alkoxyalcohol intermediate, known as hemiacetals, which further react with one 
more molecule of alcohol to give  a gem-dialkoxy compound known as acetal . 

 
Ketones react with ethylene glycol under similar conditions to form cyclic products known as ethylene glycol 
ketals.  

 
(e) Addition of ammonia and its derivatives: 

  
Z = Alkyl, aryl, OH, NH 2, C6H5NH, NHCONH2, etc. 
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* 2,4-DNP-derivatives are yellow, orange or red solids, useful for characterisation of aldehydes and 
ketones. (2,4-DiNitroPhenyl Hydrazine = Borsche’s Reagent) 
 
2.Reduction 
(i)Reduction to alcohols:  (Unit 11, Class XII). 
(ii) Reduction to hydrocarbons:   
Clemmensen reduction : The carbonyl 
group of aldehydes and ketones is reduced 
to CH2 group on treatment with zinc-
amalgam and concentrated hydrochloric 
acid  

 

Wolff -Kishner reduction  : The carbonyl group of aldehydes and 
ketones is reduced to CH2 group on treatment with hydrazine 
followed by heating with sodium or  potassium hydroxide in high 
boiling solvent such as ethylene glycol . 

 

3.Oxidation 
i)  CH3CHO  ----[O]---� CH3COOH 
Aldehydes are easily oxidised to carboxylic acids on 
treatment with common oxidising agents like HNO3, 
KMnO4, K2Cr2O7, etc. Even mild oxidising agents, 
mainly Tollens’ reagent and Fehlings’ reagent also 
oxidise aldehydes. 

ii) CH 3COCH3----[O]---�  CH3COOH  +  HCOOH 
Ketones are generally oxidised under vigorous 
conditions, i.e.,strong oxidising agents and at elevated 
temperatures. Their oxidation involves carbon-carbon 
bond cleavage to afford a mixture of carboxylic 
acids having lesser number of carbon atoms than the 
parent ketone. 

 
(i)Tollens’ test:  On warming an aldehyde with freshly prepared ammoniacal silver nitrate solution (Tollens’ 
reagent), a bright silver mirror is produced due to the formation of silver metal. 
The aldehydes are oxidised to corresponding carboxylate anion. The reaction occurs in alkaline medium. 
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(ii)Fehling’s test:  
Fehling reagent = Fehling solution A (aqueous CuSO4)  + Fehling solution B (sodium potassium tartarate 
(Rochelle salt) On heating an aldehyde with Fehling’s reagent, a reddish brown precipitate is obtained. 
Aldehydes are oxidised to corresponding carboxylate anion. Aromatic aldehydes do not respond to this test. 

 
(iii) Oxidation of methyl ketones by haloform reaction: 
Aldehydes and ketones having at least one methyl group linked to the carbonyl carbon atom (methyl ketones) 
are oxidised by sodium hypohalite to sodium salts of corresponding carboxylic acids having one carbon 
atom less than that of carbonyl compound. The methyl group is converted to haloform. 

 
Iodoform reaction with sodium hypoiodite is also used for detection of CH3CO group or CH3CH(OH)  group 
which produces CH3CO group on oxidation. 
 

4.Reactions due to α -hydrogen 
Acidity of α -hydrogens of aldehydes and ketones: The aldehydes and ketones undergo a number of reactions 
due to the acidic nature of α-hydrogen. 
(i)Aldol condensation:  Aldehydes and ketones having at least one α-hydrogen undergo a reaction in the 
presence of dilute alkali  as catalyst to form  β-hydroxy aldehydes (aldol) or  β-hydroxy ketones (ketol), 
respectively. This is known as Aldol reaction. 
The aldol and ketol readily lose water to give α,β-unsaturated carbonyl compounds which are aldol 
condensation products and the reaction is called Aldol condensation. 

  
(ii) Cross aldol condensation:  When aldol condensation is carried out between two different aldehydes and / 
or ketones, it is called cross aldol condensation. If both of them contain α-hydrogen atoms, it gives a mixture of 
four products.  
5.Other reactions 
(i) Cannizzaro reaction: Aldehydes which do not have an α-hydrogen atom, undergo self oxidation and 
reduction (disproportionation) reaction on treatment with concentrated alkali. In this reaction, one molecule 
of the aldehyde is reduced to alcohol while another is oxidised to carboxylic acid salt. 
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(ii) Electrophilic substitution reaction:  Aromatic aldehydes and ketones undergo electrophilic substitution at 
the ring in which the carbonyl group acts as a deactivating and meta-directing group. 

 
Uses of Aldehydes and Ketones : Formaldehyde is well known as formalin (40%)  solution used to preserve 
biological specimens and to prepare bakelite (a phenol-formaldehyde resin), urea-formaldehyde glues and other 
polymeric products. 

CARBOXYLIC ACIDS 

Structure of Carboxyl Group  
Methods of Preparation of Carboxylic Acids 
1.From primary alcohols and aldehydes 

 
 
2.From alkylbenzenes : Aromatic carboxylic acids can be prepared by vigorous oxidation of alkyl benzenes 
with chromic acid or acidic or alkaline potassium permanganate. The entire side chain is oxidised to the 
carboxyl group irrespective of length of the side chain.  

 
3.From nitriles and amides 

  

 
4.From Grignard reagents 
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5.From acyl halides and anhydrides 

 
 

6.From esters 

 
 
Physical Properties  
Carboxylic acids are higher boiling liquids than aldehydes, ketones and even alcohols of comparable molecular 
masses. This is due to more extensive association of carboxylic acid molecules through intermolecular 
hydrogen bonding.  
 

CHEMICAL REACTIONS  
Reactions Involving Cleavage of O–H Bond 
Acidity 
Reactions with metals and alkalies 
2RCOOH  + 2Na   -----� 2RCOONa   +  H2 
RCOOH  + NaOH   -----� RCOONa   +  H2O 
RCOOH  + NaHCO3  -----� RCOONa   +  H2O +  CO2 
The carboxylate ion is more stabilised than phenoxide ion,  so carboxylic acids are more acidic than phenols. 

Effect of substituents on the acidity of carboxylic acids: 

Reactions Involving Cleavage of C–OH Bond 
1.Formation of anhydride 
Carboxylic acids on heating with mineral acids such as H2SO4 or with P2O5  give corresponding anhydride. 
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2.Esterification : Carboxylic acids are esterified with alcohols or phenols in the presence of a mineral acid such 
as concentrated H2SO4 or HCl gas as a catalyst. 
RCOOH   +   R'OH        ---- H+-----�         RCOOR'   +   H2O  
 
3.Reactions with PCl5, PCl3 and SOCl2 
RCOOH  ------ PCl5 / PCl3 / SOCl2---�  RCOCl +  corresponding byproducts  
4.Reaction with ammonia :  Carboxylic acids react with ammonia to give ammonium salt which on further 
heating at high temperature give amides.  

 
Reactions Involving  –COOH Group 
1.Reduction 

 

2.Decarboxylation 

 

 
Substitution Reactions in the Hydrocarbon Part 
1.Halogenation 
Carboxylic acids having an  α-hydrogen are halogenated at the α-position on treatment with chlorine or 
bromine in the presence of small amount of red phosphorus to give α-halocarboxylic acids. The reaction is 
known as Hell-Volhard-Zelinsky reaction. 

 
2.Ring substitution 
Aromatic carboxylic acids undergo electrophilic substitution reactions in which the carboxyl group acts as a 
deactivating and meta-directing group. They however, do not undergo Friedel-Crafts reaction (because the 
carboxyl group is deactivating and the catalyst aluminium chloride (Lewis acid) gets bonded to the 
carboxyl group. 
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Uses of Carboxylic Acids 

Methanoic acid is used in rubber, textile, dyeing, leather and electroplating industries.  
Ethanoic acid is used as solvent and as vinegar in food industry. Hexanedioic acid is used in the 
manufacture of nylon-6, 6. Esters of benzoic acid are used in perfumery. Sodium benzoate is used as a food 
preservative. Higher fatty acids are used for the manufacture of soaps and detergents. 
 

 

 

 

 

 

Chapter 13:    AMINES 
Amines can be considered as derivatives of ammonia, 
obtained by replacement of one, two or all the three hydrogen 
atoms by alkyl and/or aryl groups. 

Nomenclature :  

R-NH2      ==� Alaknamine :     
CH3NH2        =   Methanamine 
R-NH- R  ==� N-alkyl –Alaknamine  :    
(CH3)2NH     =   N-methylmethanamine 
R3-N        ==� N,N-dialkyl –Alaknamine:    
(CH3)3N        =   N,N-dimethylmethanamine 

 
PREPERATION OF AMINES  

1.REDUCTION OF NITRO COMPOUNDS 

 

 

 

 

6. Hoffmann bromamide degradation reaction 
Treating an amide with bromine in an aqueous or 
ethanolic solution of sodium hydroxide. 
(The amine so formed contains one carbon less than 
that present in the amide.) 
RCONH2 + Br2 +4NaOH  ---� RNH2+Na2CO3+ 2NaBr +2H2O 

 

Physical Properties 

The order of boiling points of isomeric amines is as 
follows:     Primary > Secondary > Tertiary  
 (In tertiary amines – no intermolecular Hydrogen 
bonding) 
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2. AMMONOLYSIS OF ALKYL HALIDES  
(Hoffmann’s Ammonolysis method.) 
R-X     +  NH3       �  RNH2  +  HX 
RNH2  +  RX        �  R2NH  +  HX 
R2NH  +  RX        �  R3N  +  HX 
R3N     +  RX        �  R4N

+X--  +  HX 
Ammonolysis has the disadvantage of yielding a mixture of 
primary,secondary and tertiary amines and also a quaternary 
ammonium salt.         However, primary amine is obtained 
as a major product by taking large excess of ammonia. 
 
3. REDUCTION OF NITRILES 
RCN   ------[H]---�    R-CH2-NH2 
Reducing agents can be LiAlH4 or H2/Pd. 
This reaction is used for ascent of amine series. 
 

4. REDUCTION OF AMIDES 
RCONH2   ----- LiAlH4 ---�    R-CH2-NH2 
 
5. Gabriel phthalimide synthesis 
Potassium phthalimide  on heating with alkyl halide 
followed by alkaline hydrolysis produces the 
corresponding  primary amine. 
Aromatic primary amines cannot be prepared by this 
method because aryl halides do not undergo 
nucleophilic substitution with the anion formed by 
phthalimide. 

 
Chemical Reactions : 

1. BASIC CHARACER OF AMINES  
Larger the value of Kb or smaller the value of pKb, 
stronger is the base. 
Order of the Basic Charcter in aqueous state. 
Secondary  > Primary > Tertiary > Ammonia 
The order of basic strength is as follows 
(C2H5)2NH > (C2H5)3N > C2H5NH2 > NH3 
(CH3)2NH > CH3NH2 > (CH3)3N > NH3 
Aniline is resonance stabilized , therefore basic 
character is even lesser than ammonia. 

 
If +I groups are substituted : Basic strength increases. 
If --I groups are substituted : Basic strength decreases. 
 
2. ALKYLATION 
RNH2  +  RX        �  R2NH  +  HX 
R2NH  +  RX        �  R3N  +  HX 
 

 

3.ACYLATION  
RNH2   +   RCOCl  ----�  RCONHR   +  HCl 
                                           N-alkyl substituted amide 
 

4. CARBYLAMINE REACTION  
Aliphatic and aromatic primary amines on heating with 
chloroform and ethanolic KOH  form isocyanides (or 
carbylamines) which are foul smelling substances. This 
reaction is known as carbylamine reaction or isocyanide 
test and is used as a test for primary amines.  Secondary 
and tertiary amines do not show this reaction.  
R-NH2 + CHCl3 + 3KOH --∆--� R-NC + 3KCl +  3H2O 
 

5. REACTION WITH NITROUS ACID  
i) Primary aliphatic amines react with nitrous acid to 
form alcohols. 
RNH2  +  HNO2  ------�  ROH + N2  +  H2O 
 
ii) Aromatic amines react with nitrous acid at low 
temperatures (273-278 K) to form diazonium salts, 

(b) Nitration:  

Direct nitration of aniline yields tarry oxidation products 
in addition to the nitro derivatives. 
Moreover, in the strongly acidic medium, aniline is 
protonated to form the anilinium ion  which is meta 
directing. That is why besides the ortho and para 
derivatives, significant amount of meta derivative is 
also formed. 
 
CONTROLLED BROMINATION & NITRATION  
     This can be done by protecting the -NH2 group by 
acetylation with acetic anhydride, then carrying out 
the desired substitution followed by hydrolysis of 
the substituted amide to the substituted amine. 

CONTROLLED BROMINATION 
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6. HINSBERG TEST  

(Test to distinguish i, ii and iii amines ) 
( Hinsberg Reagent : Benzene Sulphonyl Chloride ) 
(a) The reaction of benzenesulphonyl chloride with 
primary amine yields N-alkylbenzenesulphonamide 
which is soluble in alkali. 
C6H5SO2Cl  +  R-NH2  --� C6H5SO2NHR + HCl 
                                          N-alkylbenzenesulphonamide 
 

(b) In the reaction with secondary amine,  
N,N-dialkylbenzenesulphonamide is formed. Which is 
insoluble in alkali. 
C6H5SO2Cl  +  R2-NH2  --� C6H5SO2NR2 + HCl 
                                   N,N-dialkylbenzenesulphonamide 
 

(c) Tertiary amines do not react with Hinsberg Reagent. 
 

7.ELECTROPHILLIC SUBSTITUTION  
–NH2 group is ortho and para directing and a powerful 
activating group. 
(a) Bromination: 

 
 

 
CONTROLLED  NITRATION 

 
c) SULPHONATION 

 
 
 
* Aniline does not undergo Friedel-Crafts reaction 
(alkylation and acetylation) due to salt formation 
with aluminium chloride, the Lewis acid, which is 
used as a catalyst. 
 

Method of Preparation of Diazonium Salts 
The conversion of primary aromatic amines into diazonium salts is known as  diazotisation. 

 
Chemical Reactions 
A. Reactions involving displacement of nitrogen 
1. Replacement by halide or cyanide ion: The Cl–, Br– and CN– nucleophiles can easily be introduced in the 
benzene ring in the presence of Cu(I) ion. This reaction is called Sandmeyer reaction. 
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Alternatively, chlorine or bromine can also be introduced in the benzene ring by treating the diazonium salt 
solution with corresponding halogen acid in the presence of copper powder. This is referred as Gatterman 
reaction. 

 

2. Replacement by iodide ion:  

3. Replacement by fluoride ion:  
4. Replacement by H:  

  
5. Replacement by hydroxyl group: 

  
6. Replacement by –NO2 group:   

 
B. Reactions involving retention of diazo group coupling reactions 
COUPLING REACTION :  
Benzene Diazonium Chloride + Phenol or Aniline (or their derivatives) ----� AZO DYE  

 
Importance of Diazonium Salts in Synthesis of Aromatic Compounds 
The replacement of diazo group by other groups is helpful in preparing those substituted aromatic compounds 
which cannot be prepared by direct substitution in benzene or substituted benzene. Ref : E.g and Intext Qn 
 


