
MODULE: 5 

1. Chlorine containing antibiotic, chloramphenicol, produced by soil microorganisms is very effective for the treatment of 

typhoid fever. 

2. Our body produces iodine containing hormone, thyroxine, the deficiency of which causes a disease called goiter. 

3. Synthetic halogen compounds, like, chloroquine is used for the treatment of malaria; halothane is used as an anaesthetic 

during surgery. 

4. Electrophilic substitution of arenes with iodine is reversible in nature and requires the presence of an oxidising agent 

(HNO3, HIO4) to oxidise the HI formed during iodination. 

5. In the laboratory, addition of bromine in CCl4 to an alkene resulting in discharge of reddish brown colour of bromine 

constitutes an important method for the detection of double bond in a molecule. 

6. The boiling points of chlorides, bromides and iodides are considerably higher than those of the hydrocarbons of 

comparable molecular mass. 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. 

7. The haloalkanes are only very slightly soluble in water. In order for a haloalkane to dissolve in water, energy is required to 

overcome the attractions between the haloalkane molecules and break the hydrogen bonds between water molecules. Less 

energy is released when new attractions are set up between the haloalkane and the water molecules as these are not as 

strong as the original hydrogen bonds in water. As a result, the solubility of haloalkanes in water is low.  

8. Haloalkanes tend to dissolve in organic solvents because the new intermolecular attractions between haloalkanes and 

solvent molecules have much the same strength as the ones being broken in the separate haloalkane and solvent molecules. 

9. Groups like cyanides and nitrites possess two nucleophilic centres and are called ambident nucleophiles. Actually cyanide 

group is a hybrid of two contributing structures and therefore can act as a nucleophile in two different ways                         

[
— 

C≡N↔:C=N 
—

], i.e., linking through carbon atom resulting in alkyl cyanides and through nitrogen atom leading to 

isocyanides.  

10. Haloalkanes react with KCN to form alkyl cyanides as main product while AgCN forms isocyanides as the chief product. 

KCN is predominantly ionic and provides cyanide ions in solution. Although both carbon and nitrogen atoms are in a 

position to donate electron pairs, the attack takes place mainly through carbon atom and not through nitrogen atom since C—

C bond is more stable than C—N bond. However, AgCN is mainly covalent in nature and nitrogen is free to donate electron 

pair forming isocyanide as the main product. 

11. The stereoisomers related to each other as non-superimposable mirror images are called enantiomers. Enantiomers 

possess identical physical properties namely, meltingpoint, boiling point, solubility, refractive index, etc. They only differ 

with respect to the rotation of plane polarised light. If one of the enantiomer is dextro rotatory, the other will be laevo 

rotatory. 

12. A mixture containing two enantiomers in equal proportions will have zero optical rotation, as the rotation due to one 

isomer will be cancelled by the rotation due to the other isomer. Such a mixture is known as racemic mixture or racemic 

modification. A racemic mixture is represented by prefixing dl or (±) before the name, for example (±) butan-2-ol. The 

process of conversion of enantiomer into a racemic mixture is known as racemisation. 

13. 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. 

14. Aryl halides are extremely less reactive towards nucleophilic substitution reactions. In haloarenes, the electron pairs on 

halogenatom are in conjugation withπ-electrons of the ring and thefollowing resonating structures are possible. 

 



C—Cl bond acquires a partial double bond character due to resonance. As a result, the bond cleavage in haloarene is difficult 

than haloalkane and therefore, they are less reactive towards nucleophilic substitution reaction. 

 

15. In haloarenes, halogen atom besides being slightly deactivating is o, p-directing; therefore, further substitution occurs at 

ortho- and para- positions with respect to the halogen atom. Due to resonance, the electron density increases more at ortho- 

and para- positions than at meta- positions. Further, the halogen atom because of its –I effect has some tendency to withdraw 

electrons from the benzene ring. As a result, the ring gets somewhat deactivated as compared to benzene and hence the 

electrophilic substitution reactions in haloarenes occur slowly and require more drastic conditions as compared to those in 

benzene. 

16. Chloroform is slowly oxidised by air in the presence of light to an extremely poisonous gas, carbonyl chloride, also 

known as phosgene. It is therefore stored in closed dark coloured bottles completely filled so that air is kept out. 

17. Antiseptic properties of iodoform are due to the liberation of free iodine. Due to its objectionable smell, it has been 

replaced by other formulations containing iodine. 

18. The C—O—H bond angle in alcohols is slightly less than the tetrahedralangle (109°-28′). It is due to the repulsion 

between the unshared electron pairs of oxygen. 

19. 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 ethanol. 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. 

 

20. In ethers, the four electron pairs, i.e., the two bond pairs and two lone pairs of electrons on oxygen are arranged 

approximately in a tetrahedral arrangement. The bond angle is slightly greater than the tetrahedral angle due to the repulsive 

interaction between the two bulky (–R) groups. 

21. The boiling points of alcohols and phenols increase with increase in the number of carbon atoms (increase in van der 

Waals forces). 

22. In alcohols, the boiling points decrease with increase of branching in carbon chain (because of decrease in van der Waals 

forces with decrease in surface area). 

23. The high boiling points of alcohols are mainly due to the presence of intermolecular hydrogen bonding in them which is 

lacking in ethers and hydrocarbons. 

24. Solubility of alcohols and phenols in water is due to their ability to form hydrogen bonds with water molecules. The 

solubility decreases with increase in size of alkyl/aryl (hydrophobic) groups. 

25. The acidic character of alcohols is due to the polar nature of O–H bond. An electron-releasing group (–CH3, –C2H5) 

increases electron density on oxygen tending to decrease the polarity of O-H bond. This decreases the acid strength. For this 

reason, the acid strength of alcohols decreases in the following order: 10>20>30. 

26. Alcohols act as Bronsted bases. It is due to the presence of unshared electron pairs on oxygen, which makes them proton 

acceptors. 

27. Acidity of phenols: 

(i) Polarity of O–H bond: Due to the higher electronegativity of sp2 hybridised carbon of phenol to which –OH is attached, 

electron density decreases on oxygen. This increases the polarity of O–H bond and results in an increase in ionisation of 

phenols than that of alcohols. 

(ii) Stabilities of alkoxide and phenoxide ions: Consider, the ionisation of alcohol and phenol: 



 

In alkoxide ion, the negative charge is localised on oxygen while in phenoxide ion, the charge is delocalised. The 

delocalisation of negative charge (structures II-IV) makes phenoxide ion more stable and favours the ionisation of phenol. 

 

28. Although there is also charge delocalisation in phenol, its resonance structures have charge separation due to which the 

phenol molecule is less stable than phenoxide ion. 

29. In substituted phenols, the presence of electron withdrawing groups such as nitro group,enhances the acidic strength of 

phenol. This effect is more pronounced when such a group is present at ortho and para positions. It is due to the effective 

delocalisation of negative charge in phenoxide ion. On the other hand, electron releasing groups, such as alkyl groups, in 

general, do not favour the formation of phenoxide ion resulting in decrease in acid strength. Cresols, for example, are less 

acidic than phenol. 

30. The reaction of alcohol with carboxylic acid and acid anhydride is carried out in the presence of a small amount of 

concentrated sulphuric acid. The reaction is reversible, and therefore, water is removed as soon as it is formed. It shifts the 

equilibrium to the right hand side (Le Chatelier’s Principle).  

31. The reaction of alcohol with acid chloride is carried out in the presence of a base (pyridine) so as to neutralise HCl which 

is formed during the reaction. It shifts the equilibrium to the right hand side (Le Chatelier’s Principle).  

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

produces aspirin. 

33. 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. 

34. Strong oxidising agents such as acidified potassium permanganate are used for getting carboxylic acids from alcohols 

directly. CrO3 in anhydrous medium is used as the oxidising agent for the isolation of aldehydes. A better reagent for 

oxidation of primary alcohols to aldehydes in good yield is pyridiniumchlorochromate (PCC), a complex of chromium 

trioxide with pyridine and HCl. 

35. The ortho and paranitrophenols can be separated by steam distillation. o-Nitrophenol is steam volatile due to 

intramolecular hydrogen bonding while p-nitrophenol is less volatile due to intermolecular hydrogen bonding which causes 

the association of molecules. 

36. The usual halogenation of benzene takes place in the presence of a Lewis acid, such as FeBr3, which polarises the 

halogen molecule. In case of phenol, the polarisation of bromine molecule takes place even in the absence of Lewis acid. It 

is due to the highly activating effect of –OH group attached to the benzene ring. 

37. Phenoxide ion generated by treating phenol with sodium hydroxide is even more reactive than phenol towards 

electrophilic aromatic substitution. Hence, it undergoes electrophilic substitution with carbon dioxide, a weak electrophile. 

Ortho hydroxy benzoic acid is formed as the main reaction product. 

38. In the presence of air, phenols are slowly oxidised to dark coloured mixtures containing quinones. 

39. Williamson synthesis: In this method, an alkyl halide is allowed to react with sodium alkoxide. 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. It is because alkoxides are not only nucleophiles but strong bases as well. They 

react with alkyl halides leading to elimination reactions. 

40. The C-O bonds in ethers are polar and thus, ethers have a net dipolemoment. 

41. The large difference in boiling points of alcohols and ethers is due to the presence of hydrogen bonding in alcohols. 

42. Both ethoxyethane and butan-1-ol are miscible to almost the same extent while pentane is essentially immiscible with 

water. This is due to the fact that just like alcohols, oxygen of ether can also form hydrogen bonds with water molecule. 

43. Alkyl aryl ethers are cleaved at the alkyl-oxygen bond due to the more stable aryl-oxygen bond. 

44. The C–O bond in ethers can be cleaved by hydrogen halides. In the case of ethers with two different alkyl groups and 

when one of the alkyl groups is a tertiary group, the halide formed is a tertiary halide. It is because the departure of leaving 

group(HO–CH3) creates a more stable carbocation [(CH3)3C
+], and the reactionfollows SN

1mechanism. 

45. In case of anisole, methylphenyloxoniumion is formed by protonation of ether. The bond between O–CH3 is weaker than 

the bond between O–C6H5 because the carbon of phenyl group is sp2 hybridised and there is a partial double bond character. 

Therefore the attack by I– ion breaks O–CH3 bond to form CH3I. Phenols do not react further to give halides because the sp2 

hybridised carbon of phenol cannot undergo nucleophilic substitution reaction needed for conversion to the halide. 

46. Nitriles are selectively reduced by diisobutylaluminium hydride, (DIBAL-H) to imines followed by hydrolysis to 

aldehydes. 

47. Nitrogen orbitals in amines are, sp3 hybridised and the geometry of amines is pyramidal due to the presence of lone pair 

of electrons on nitrogen. Due to the presence of unshared pair of electrons, the angle C–N–E, (where E isC or H) is less than 

109.5o. 

48. Ammonolysis has the disadvantage of yielding a mixture of primary, secondary and tertiary amines and also a quaternary 

ammonium salt. 

49. Gabriel synthesis is used for the preparation of primary amines.  

50. Aromatic primary amines cannot be prepared by this method because aryl halides do not undergo nucleophilic 

substitution with the anion formed by phthalimide. 

51. Lower aliphatic amines are soluble in water because they can form hydrogen bonds with water molecules. However, 

solubility decreases with increase in molar mass of amines due to increase in size of the hydrophobic alkyl part. Higher 

amines are essentially insoluble in water. 

52. Alcohols are more polar than amines and form stronger intermolecular hydrogen bonds with water molecules than 

amines. 

53. The intermolecular association is more in primary amines than in secondary amines as there are two hydrogen atoms 

available for hydrogen bond formation in it. Tertiary amines do not have intermolecular association due to the absence of 

hydrogen atom available for hydrogen bond formation. Therefore, the order of boiling points of isomeric amines is as 

follows: 1o>2o>3o. 

54. Amines behave as nucleophiles due to the presence of unshared electron pair.  

55. Amines have an unshared pair of electrons on nitrogen atom due to which they behave as Lewis base. 

56. Larger the value of Kb or smaller the value of pKb, stronger is the base. 

57. Aliphatic amines are stronger bases than ammonia due to +I effect of alkyl groups leading to high electron density on the 

nitrogen atom. Aromatic amines are weaker bases than ammonia due to the electron withdrawing nature of the aryl group. 

58. The subtle interplay of the inductive effect, solvation effect and steric hindrance of the alkyl group decides the basic 

strength of alkyl amines in the aqueous state.  



59. pKb value of aniline is quite high. It is because in aniline or other arylamines, the -NH2 group is attached directly to the 

benzene ring. It results in the unshared electron pair on nitrogen atom to be in conjugation with the benzene ring and thus 

making it less available for protonation. 

60. Strong oxidising agents oxidise toluene and its derivatives to benzoic acids. However, it is possible to stop the oxidation 

atthe aldehyde stage with suitable reagents that convert the methylgroup to an intermediate that is difficult to oxidise further. 

For example: Chromyl chloride oxidises methyl group to a chromium complex, which on hydrolysisgives corresponding 

benzaldehyde and, toluene or substituted toluene is converted to benzylidenediacetate on treating with chromicoxide in 

acetic anhydride. The benzylidenediacetate can behydrolysed to corresponding benzaldehyde with aqueous acid. 

61. The boiling points of aldehydes and ketones are higher than hydrocarbons and ethers of comparable molecular masses. It 

is due toweak molecular association in aldehydes and ketones arising out of thedipole-dipole interactions. 

62. The boiling points of aldehydes and ketones are lower than those of alcohols of similar molecular masses due to absence 

of intermolecularhydrogen bonding. 

63. The lower members of aldehydes and ketones such as methanal, ethanal and propanone are miscible with water in all 

proportions,because they form hydrogen bond with water. However, the solubility of aldehydes and ketones decreases 

rapidly on increasing the length of alkyl chain. 

64. Since aldehydes and ketones both possess the carbonyl functional group, they undergo similar chemical reactions. 

65. Aldehydes are generally more reactive than ketones in nucleophilicaddition reactions due to steric and electronic reasons. 

Sterically,the presence of two relatively large substituents in ketones hindersthe approach of nucleophile to carbonyl carbon 

than in aldehydeshaving only one such substituent. Electronically, aldehydes aremore reactive than ketones because two 

alkyl groups reduce theelectrophilicity of the carbonyl more effectively than in former. 

66. Aldehydes and ketones react with hydrogen cyanide (HCN)to yield cyanohydrins. This reaction occurs veryslowly with 

pure HCN. Therefore, it is catalysedby a base and the generated cyanide ion (CN—)being a stronger nucleophile readily adds 

tocarbonyl compounds to yield correspondingcyanohydrin. 

67. Sodium hydrogensulphite adds to aldehydes andketones to form the addition products. The hydrogensulphite addition 

compound is water soluble and can be converted back to theoriginal carbonyl compound by treating it with dilute 

mineralacid or alkali. Therefore, this method is useful for separation andpurification of aldehydes. 

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

produces CH3CO groupon oxidation. 

69. The aldehydes and ketones undergo a number of reactions due to the acidic natureof α-hydrogen. The acidity of α-

hydrogen atoms of carbonyl compounds is dueto thestrong electron withdrawing effect of the carbonyl group andresonance 

stabilisation of the conjugate base. 

70. Formaldehyde is well known as formalin (40%) solution used to preserve biological specimens and to prepare bakelite (a 

phenol-formaldehyderesin), urea-formaldehyde glues and other polymeric products. 

71. Higher members of aliphatic carboxylicacids containing 12 to 18 carbon atoms are known as fatty acids, occur in natural 

fats as esters ofglycerol. 

72. Carboxylic acids are higher boiling liquids than aldehydes, ketones and even alcohols ofcomparable molecular masses. 

This is due to more extensiveassociation of carboxylic acid molecules throughintermolecular hydrogen bonding.  

Note: The hydrogen bonds arenot broken completely even in the vapour phase. In fact,most carboxylic acids exist as dimer 

in the vapour phaseor in the aprotic solvents. 

73. Simple aliphatic carboxylic acids having upto four carbon atoms are miscible in water due to the formationof hydrogen 

bonds with water. The solubility decreaseswith increasing number of carbon atoms. Highercarboxylic acids are practically 

insoluble in water due tothe increased hydrophobic interaction of hydrocarbonpart.  

74. Smaller the pKa, the stronger the acid (the better it is as a protondonor). Strong acids have pKavalues < 1, the acids with 

pKavaluesbetween 1 and 5 are considered to be moderately strong acids, weakacids have pKavalues between 5 and 15, and 

extremely weak acidshave pKavalues >15. 



75. Carboxylic acids are more acidic than phenols. The conjugate base of carboxylic acid, a carboxylate ion, is stabilised by 

two equivalentresonance structures in which the negative charge is at the moreelectronegative oxygen atom. The conjugate 

base of phenol, a phenoxideion, has non-equivalent resonance structures in which the negative chargeis at the less 

electronegative carbon atom. Therefore, resonance inphenoxide ion is not as important as it is in carboxylate ion. Further, 

thenegative charge is delocalised over two electronegative oxygen atoms incarboxylate ion whereas it is less effectively 

delocalised over one oxygenatom and less electronegative carbon atoms in phenoxide ion.Thus, the carboxylate ion is more 

stabilised than phenoxideion, so carboxylic acids are more acidic than phenols. 

76. Electron withdrawing group (EWG) stabilises the carboxylate anion through delocalisation of the negative charge by 

inductive and/or resonance effectsand strengthens the acid. Electron donating group (EDG) destabilises the carboxylateanion 

and weakens the acid. 

77. Direct attachment of groups such as phenyl or vinyl to the carboxylic acid, increases the acidity of corresponding 

carboxylic acid, contrary tothe decrease expected due to resonance effect. This is because of greater electronegativity of 

sp2hybridised carbonto which carboxyl carbon is attached. 

78. The acylation reaction of amines is carried out in the presence of a base stronger than the amine, like pyridine, which 

removes HCl soformed and shifts the equilibrium to the right hand side. 

79. Aliphatic and aromatic primary amines on heating with chloroform and ethanolic potassium hydroxide form isocyanides 

or carbylamineswhich are foul smelling substances. Secondary and tertiary aminesdo not show this reaction. This reaction is 

known as carbylamines reaction or isocyanide test and is used as a test for primary amines. 

80. Benzenesulphonyl chloride (C6H5SO2Cl), which is also known asHinsberg’s reagent, reacts with primary and secondary 

amines toform sulphonamides.Tertiary amines do not react with benzenesulphonyl chloride. 

The reaction of benzenesulphonyl chloride with primary amineyields N-ethylbenzenesulphonyl amide.N-

ethylbenzenesulphonyl amide is soluble in alkali. 

In the reaction with secondary amine, N, N-diethyl-benzenesulphonamide is formed.N, N-diethyl-benzenesulphonamide is 

insoluble in alkali. 

 

This property of amines reacting with benzenesulphonyl chloridein a different manner is used for the distinction of 

primary,secondary and tertiary amines and also for the separation of amixture of amines.  

 

81. Aniline reacts with bromine water at room temperature to give a white precipitate of 2, 4, 6-tribromoaniline. —

NH2group is orthoand para directing and a powerful activating group. If we have to prepare monosubstituted aniline 

derivative, the activating effect of –NH2group should be controlled. This can be done by protecting the -NH2group by 

acetylation with aceticanhydride, then carrying out the desired substitution followedby hydrolysis of the substituted amide to 

the substituted amine. The lone pair of electrons on nitrogen of acetanilide interacts with oxygen atom due to resonance. 

Hence, the lone pair of electrons on nitrogen is less available for donation to benzene ring by resonance. Therefore, 

activatingeffect of –NHCOCH3group is less than that of amino group. 

82. In the strongly acidic medium, aniline is protonated to form theanilinium ion. The — NH3
+ group in anilinium ion is 

meta directing. That is why besides theortho and para derivatives, significant amount of meta derivativeis also formed. 

83. Direct nitration of aniline yields tarry oxidation products in addition to the nitro derivatives. The nitration can be 

controlled by protecting the –NH2group by acetylation reactionwith acetic anhydride. 

84. Aniline does not undergo Friedel-Crafts reaction (alkylation and acetylation) due to salt formation with aluminium 

chloride, theLewis acid, which is used as a catalyst. Due to this, nitrogen ofaniline acquires positive charge and hence acts 

as a strongdeactivating group for further reaction. 

85. The stability of arenediazonium ion is explained on the basis of resonance. 

86. Due to its instability, the diazonium salt is not generally stored and is used immediately after its preparation. 

 


