IMPORTANCE

Useful sclvents
Starting materials for

arganic synthesis
= Antiseptics, disinfectants
= Polymers, perfumes,

medicines, dyes, etc.

"ALCOHOLS, PHENOL

AND ETHERS

GENERAL TREND IN
PHYSICAL PROPERTIES
With increase in molecular mass
{ for the same homologous series )
Boiling paint T
Solubility in water

ALCOHOLS (R—0OH)

PHENOL (Ar-OH)

ETHERS (R-0-R’)

—
CLASSIFICATION PREPARATION
{il 1° Alcohols : R-CH,-OH (i) From Haloarenes (Dow’s process)
(i) 2° Aleohols : R,CH-OH CoHlg—Ul1~_3a:NaoH, 823K 3o0'sm, CgHy~ONa
{iii) 3° Alcohals : R,C~OH CgHs—ONa + HCl —» CgH,—OH + NaCl
* (i) From Benzene Sulphonic Acid
- ™) WalH fus 6231 K
PREPARATION CyHy-50,H HoOH husion, 23K, ¢ 1. 0ONa
(3] meAlhenesLH;d:—T:;iun} CcH;=0ONa + HCl — CH.~0OH + NaCl
RCH = CH; ———— RCH,-CH,OH {ii}) From Cumene (Cumene process)
(il From Haloalkanes [Hydrolysis) i
R_X ag. KOH R-OH (CH5); o C (CH,};00H
B
fiii} From Carbonyl Compounds @
Mi
R-CHO ‘—H“’—“—’ ﬂ-"CH;OH {cumene) {cumane L CeHs—0OH +
r-co-r /M, p_chon-gr’ L hyceopmmadin) (CH;);C0
~ -
I g 1 )

. -~

s ~

PREPARATION
{7} Williamson Synthesis

R—CNa + R'—X — R—0-R' + NaX

(i) intermolocular Dehydration of Alcohols

conc. H,50,, 413 K)

2ROH ———=—=% _— =, R—0O-R+ H,0

«

PROPERTIES
+ Ethers are neutral compounds,
* Lower ethers are soluble in water.

» Boiling points are lower than isomeric alcohols
due to absence of H-bonding.

.

CHEMICAL PROPERTIES
(i1 With Active Metals
ZROH + 2Na —» ZROMa + H, T

CHEMICAL PROPERTIES

{i) Acidic Nature {weaker than carboxylic acids)

CeH,OH + NaOH —+ C H,ONa + H,O

CHEMICAL PROPERTIES
(i) Cleavage by Hydrogen Halides

{ii} With Hydrogen Halides

ROH + HX — RX + H,0

{lii) With Phaspharus Halldes
3ROH + Pl;j, =+ 3RCI + H,PO,
ROH + PCly — RCl + POCI, + HCI
{iv) Esterification
RCOOH + R'OH
(v) Dehydration

conc. H,50,

Intramolecular (conc. H,50,, 443 K)

R—CHy—CH,~OH — R—CH =CH, + H,0

Intermalecular (cone, H,50,, 412 K)
ZROH — R—O0-R + H,0O

conc. B304, RCOOR' + H,0

(Mo

(i) Electrophilic Substitution [activating; o, p-directing)
&. Bromination :
2,4,6-tribromophenol {white ppt.) + 3HBr

b. Nitration ;: CH.OH + HNOan —»

€. Sulphonation : CgHOH + H 50, 00nc) —*

(iif) With Neutral FeCl, Solutian
Gives violet colour (characteristic test)

reaction with NaJCOJ'_I

CiHyOH + 3Br, —»

o=-nitrophenol + p-nitraphencl + H,0

and p-hydroxybenzenesulphonic acids

R=0=R"+ HX = R=X + R'=0H fexcess HX)
(i} Cleavage by HI (heat)
R—O-R’ + Hl = R—| + R'—-CH
{ili) Peroxidation
R-O-R' 20 W0 L p o o-R
(Peroxides may be explosive)
L A

DIFFERENCE BETWEEN

USES

= As solvents

= Antiseptics {=.g., ethanol, 70%)
* In pharmaceuticals, perfumery
» As fuel (ethanol)

= Manufacture of esters, polymers, stc.
L

B

A

+« As antiseptic and disinfectant

= In the manufacture of phenolic resins (Bakelite)
= In dyes, drugs, pesticides, axploshes

= In preparation of salicylic acid, picric acid, ete.

USES OF PHENOL

— i
(]

{vi) Oxidation > b T <t ETHERS AND ALCOHOLS
PRI SRR S Gl s ar i DIFFERENCE BETWEEN T Property Ethers Alcohols
2% Alcohol — Kelone PHENOL AND ALCOHOL

L 3" Alcohol —» Mo nieﬂnn {uneler usunl conditions) P erty Phenal Alcohol Functional group R=0=R' R=0H

: heidic (forms salts | Neutral (no salt :
—¥. Acidic nature 2 i H-bonding No Yes
TESTS TO DISTINGUISH nith NaOH} st NSO
(i) 1°, 2°, 3° Alcohols : Lucas test Reaction with Mo raactian Mo reaction Bailing point Lower Higher
{Conc. HCI + anhyd. ZnClL,) MNa;CO5
(17 no turbldity; 2°: turbidity in 5-10 min; Bromination With Bry water, Cleavage by
3" immediate turbidity) n Qfmh‘;um' of No ppt. Hi Cleaved Nok cleaved
¥ maphenal

@) 1* Alcohols : lodofarm test et il Roscts 1o give

CH,—CH(OH)—R I  NaOH FeCly test Violet colour Mo eolour e makaly Mo reaction alkoxide + H,
CHI, {yellow ppt.) + RCOONa + H,0 lodoform test Negative Positive for
T CH,—CH(OH)-R l

USES OF ETHERS
As solvents (diethyl ether, THF, dioxane)
As anaesthetics (historically: diethy! ether)
In organic synthesis as intermediates
In perfumes and favouring agents

F 3

INTERRELATIONSHIP

» Alcohols on dehydration give ethers.
* Phenel can be converted to ethers (Williamsan synthesis) by forming pheneside ion.
= Al three classes contaln oxygen and show different reactivities due to difference in structure.
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QUESTION BANK
SECTION - A (1 MARK)

Q1.0ne mole/L of ethyl acetate on treatment with an excess of LiAlH4 in dry ether and subsequent
acidification produces
(a) 1M acetic acid + 1M ethyl alcohol (b) 1M ethyl alcohol + 1M methyl alcohol

(c) 2M ethyl alcohol (d) 1M of 2-butanol
Q2.Which of the following reagents can not be used to oxidise primary alcohols to aldehydes ?
(a) CrOs in anhydrous medium (b) KMnOg in acidic medium
(c) Pyridiniumchlorochromate (d) Heat in the presence of Cu at 573 K
Q3.IUPAC name of the following compound

CH,+—(|IH—OCH,.,

CH,

(a) 1-methoxy-1-methylethane (b) 2-methoxypropane
(c) 2-methoxy-2-methylethane (d) isopropylmethylethe
Q4.Which of the following is the proper method to prepare n-hexane from n-propyl alcohol ?
CH3CH,CH,0OH -ﬂ-? CH3CH,CH,Br _“&) CH3(CH2)4CH;3
(a) (X) = HBr, (Y) > HCN (b) (X) = HBr, (Y) = Na, ether
(c) (X) + Brz, (Y) > CHsCN (d) (X) = Bra, (Y) = KMnOg4

Q5.1-Propanol and 2-propanol can be best distinguished by

(a) Oxidation with KMnOQO4 followed by reaction with Fehling solution?

(b) Oxidation with acidic dichromate followed by reaction with Fehling solution.

(c) Oxidation by heating with copper followed by reaction with Fehling solution.

(d) Oxidation with cone. H2S04 followed by reaction with Fehling solution.

Q6. Denatured alcohol (ethanol) is prepared by addition with-

(a)Methanol,CuSO4 and Pyridine (b) Ethers, CuSO4 and Pyridine

(c) Acetone, CuSO4 and Pyridine (d)Benzene and Pyridine

Q7.Which alcohol known as ‘wood spirit’, was produced by destructive distillation of wood.
(a)Ethanol  (b)Propanol (c)Methanol (d)iso Propyl Alcohols

Q8. Arrange the following compounds in increasing order of boiling point. Propan-1-ol, butan-1-ol,

butan-2-ol, pentan-1-ol

(a) Propan-1-ol, butan-2-ol, butan-1-ol, pentan-1-ol

(b) Propan-1-ol, butan-1-ol, butan-2-ol, pentan-1-ol

(c) Pentan-1-ol, butan-2-ol, butan-1-ol, propan-1-ol

(d) Pentan-1-ol, butan-1-ol, butan-2-ol, propan-1-ol

Q9. Mark the correct order of decreasing acid strength of the following compounds.

OH OFL OH O OH
N, OCEL,
(a) () (<) (<1} (=)
(a)e>d>b>a>c (b)b>d>a>c>e
(c)d>e>c>b>a (dJe>d>c>b>a

Q10.Tert-butyl methyl ether on heating with 1mol HI gives.
(a) CHsl + (CH3)3sCOH (b) CH30H + (CHs)sl (c) CHsl + (CHs3)3sOH (d) None of these
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In these questions (Q11-Q15), a statement of assertion followed by a statement of reason is given.
Choose the correct answer out of the following choices.

(a) Assertion and reason both are correct statements and reason is correct explanation for
assertion.

(b) Assertion and reason both are correct statements but reason is not correct explanation for
assertion.

(c) Assertion is correct statement but reason is wrong statement.

(d) Assertion is wrong statement but reason is correct statement.

Q11. Assertion : Among n-butane, ethoxyethane,1-propanol and 2-propanol, the increasing order of
boiling points is,1-butanol < 1-propanol <ethoxyethane< n-butane.

Reason: Boiling point increases with increase in molecular mass.

Q12. Assertion : Williamson's synthesis method cannot be used for preparing diphenyl ether.
Reason : Aryl halides do not undergo nucleophilic substitution easily.

Q13. Assertion: Bromination of phenol does not require the presence of Lewis acid.

Reason: -OH group attached to benzene ring has highly activating effect

Q.14. Assertion (A); The boiling point of ethanol is higher than that of dimethyl ether.

Reason (R): Ethanol molecules are associated through hydrogen bonding whereas in dimethyl ether, it
is not possible.

Q15. Assertion: Phenol is more reactive than benzene towards electrophilic substitution reaction.
Reason: In the case of phenol, the intermediate carbocation is more resonance stabilized.

Answer key-

Question | 1 2 |3 |4 |5 |6 |7 |8 |9 |10 |11 |12 |13 |14 |15
no.
Answer | (c) (b) | (b) [ (b) | (c) |(a) |(c) |(a) |(b) |(b) |(d) |(a) |(a) |(a) |(a)

VERY SHORT ANSWER TYPE QUESTIONS (2 MARKS)
Q1.Arrange each set of compounds in the decreasing order of property indicated

a) Ethanol, isopropanol, tertiary butyl alcohol (reactivity towards Lucas reagent)

Hint- reactivity order -Tertiary > secondary > primary

b) Propan-1-ol, 2,4,6-trinitrophenol, 3-nitrophenol, 3,5-dinitrophenol, phenol, 4-Methyl phenol
(acidic strength)

Hint-electron releasing and electron withdrawing groups.

Q2 Give the structures and IUPAC names of the products expected from the following reaction

H

<] H
/'l-a,.h KaCrOs 2Cr {]' HalH i co O}m 0} ICH, 00
' - e wra,
o propInG
a)” propanda| b)

Hint-a) oxidation reaction  b) formation of Asprin .

Q3 a) In the process of wine making, ripened grapes are crushed so that sugar and enzyme should
come in contact with each other and fermentation should start. What will happen if anaerobic
conditions are not maintained during this process?

Hint -oxidation of alcohol.

b) 2,4,6-trinitrophenol gives sodium bicarbonate test. why?

Hint-presence of three nitro group showing electron withdrawing effect.
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Q4 Give one chemical test each to distinguish between the following pairs of compounds:

(i) Phenol and Benzoic acid (ii) Methanol and ethanol.

i)Neutral FeCls Test —Phenol produces violet colour with neutral FeCls only but not Benzoic acid
ii) lodoform Test-Ethanol Produces yellow colour with lodine and KOH but not Methanol.

Q5 Alcohol reacts with sodium metal whereas ether do not.

Hint-presence of active hydrogen.

b) Write the equations involved in the following reaction- Reimer - Tiemann reaction.
Hint-refer chemical reactions of phenol (name reaction)

SHORT ANSWER TYPE QUESTIONS (3 MARKS)

Q1- Predict the products of the following reactions:
G CH, CH, -CH, -0 CH, + HBr —

OC,H,
(ii) ©/ + HBr ——
O
{iii} C%Hs Conec. HLS0,
Cone. HNG,
Hint- Products are-;

Ol OC,H, OC,H,
+
() CH,CH,CH,0H + CH,Br i O + CHpr (i) @( /©/
NO,

NO,

Q2.Account for the following: -
(a) PCls reacts with ethanol to form chloroethane. However, with phenol, it does not give

chlorobenzene but gives triphenyl phosphate. Explain.
Hint- Sn2 mechanism and,partial double bond character of the O-H bond.

(b) While separating a mixture of ortho and paranitrophenols by steam distillation, name the isomer
which will be steam volatile. Give reason.

Hint- inter and Intra molecular hydrogen bonding

(c) Why in the Reimer-Tiemann reaction the major product is ortho-substituted?

Hint- intermolecular hydrogen bonding

Q3 A compound A (CsH100) is optically active, on mild oxidation it gives compound B but on vigorous
oxidation it gives compound ¢ The compound 'C' along with 'D' are also formed from 'B' by reacting
with iodine in the presence of alkali. Deduce the structures of 'A','B','C' and 'D'.

Hint-A-alcohol ,B-ketone, C-carboxylic acid ,D-refer iodoform reaction .

Q4 [X] and [Y] are functional isomers of each other with molecular formula C3HsO.

(i) Draw the isomers.

(i) Which compound will have a lower boiling point and why?

Hint- i) alcohol and ether. i) hydrogen bonding

Q5 a) Show how the following alcohols are prepared by reaction with a suitable Grignard reagent on
methanal .

i) 2-methylpropan-1-ol i) CH3CH,0H.

Hint-method of preparation of alcohol using Grignard reagent .

b) You are given a benzene, cone. H,SO4 and NaOH. Write the equations for the preparation of phenol
using these reagents

Hint-preparation of phenol.

CASE STUDY BASED QUESTIONS (4 MARKS)
Read the passage carefully and answer the questions.
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Q1.Dehydration of alcohols can lead to the formation of either alkenes or ethers. This dehydration can
be carried out either with protonic acids such as cone. H,SO4, H3PO4 or catalysts such as anhydrous
ZnCl; or Al,O3.When primary alcohols are heated with cone. H;SO4 at 433-443 K, they undergo
intramolecular dehydration to form alkenes. Secondary and tertiary alcohols undergo dehydration
under milder conditions. The ease of dehydration of alcohols follows the order: 3° > 2° > 1°. The
dehydration of alcohols always
occurs in accordance with the Saytzeffs rule. Primary alcohols when heated with protic acid at 413 K,
gives dialkyl ether.
i) The dehydration of alcohol belongs to which category of reactions?
(a) Substitution reaction (b) Elimination reaction (c) Addition reaction (d) Both (a) and (b)
Ans — (b) Elimination reaction
ii) Why is tertiary alcohol dehydration the easiest way to dehydrate?
Hint — tertiary carbocations are more stable
iii) During the dehydration of alcohols to alkenes by heating with concentrated H,SQa, the initiation
stepis:
(a) Formation of carbocation (b) Protonation of alcohol
(c) Formation of carbanion (d) Elimination of water.
Ans- (b) Protonation of alcohol
iv) Why do more substituted alkenes are more stable? (Hint- Refer Saytzeffs rule.)

SECTION —-E (5 MARKS)

Q1 Give reasons for the following: -

(a) The usual halogenation of benzene takes place in the presence of a Lewis acid, but In case of
phenol, the reaction takes place even in the absence of Lewis acid.

Hint- activating effect of - OH group.

(b) Pure phenol is a colorless solid but why it is converted into pink after some time?
Hint-oxidation of phenol.

(c) why does ethers possess a dipole moment even if the alkyl radicals in the molecules are identical
Hint -bond polarity and bond angle in ethers .

(d) boiling point of glycol is higher than the alcohol of same molecular mass

Hint- hydrogen bonding

(e) The K, for p- nitro hydroxybenzene is 6.9 x10® whereas o-nitro hydroxybenzene is 6.0 x108
Hint-hydrogen bonding between the -OH group and the nitro group.

Q2 How would you obtain

i) (a) phenol from benzene (b) acetophenone from phenol (c) ethane-1,2-diol from Ethanol

Hint -a) preparation of phenol; b) Friedel-Crafts acylation reaction.; c) dehydration reaction followed
by addition of Baeyer's reagent
ii) Show how would you synthesize the following alcohols from appropriate alkenes?

a) CH; b)

Cﬁwll \/\l(\/

Hint- acid catalyzed hydration of appropriate alkene
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