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capTER 18

ALCOHOLS, PHENOLS AND ETHERS

Introduction

The structure of alcohols, phenols ang ethers are much closer to water

O 6 i .o ‘e
H/"\H PN /9\ /9\
: R™"H CeHy  H
ater Alcohol Phenol Ether

o Alcohols and phenols both contain hydro
o In ether, both hydrogen atoms of water'a

—
. [r—

Xyl (—OH) group attached to alkyl and phenyl groups, respectively.

2
Ohs Qs

i C
sp® sp?
/'
R—H,C—H,{ —OH - R—HCc—C¢hH—o0H O

(alcohol) (alcohol) (alcohol) (phenol)

The aliphatic organic compounds containing hydroxyl group —OH, as functional group are called alcohols.
Alcohols containing one —OH group are called monohydric alcohols and those containing two or more hydroxyl groups
are known as polyhydric alcohol.
Classification ‘of.MonhohydriciAlcohols
Monohydric alcohols are classified into the following three families:

(i) Primary alcohols (ii) Secondary aleohols (iii) Tertiary alcohols

Examples:
H30\ Hsc\
CH,;— CH,—OH /CH—OH H3C—;3—OH
Ethyl alcohol H,C Iso-propyl alcohol H,C Ter-butyl alcohol
(Primary alcohol) (Secondary alcohol) (Tertiary alcohol)

Nomenclature

1. Common System of Naming | _
In common system alcohols are named by adding the word alcohol after the name of the alkyl group to which the
~OH group is attached.e.g. ~ CH:OH CsHsCH,OH
' Methyl alcohol ~ Benzyl alcohol

2. IUPAC System

According to this system .
(i)  The lon%c_gest chain of carbon atoms containing the hydroxyl group is selected as the parent hydrocarbon,
(i) The ending ‘e’ of the parent hydrocarbon is replaced by ‘o?’.‘ .
(iii) The carbon chain bearing —OH group is numbered, beginning from that end which would assign the lowest

possible number to carbon atom linked to the —OH group.
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(iv) The position of —OH group is indicated by placing the number of carbon to whic 15 attached bef("et},
name of alcohol. . . |
T ffixes —diol, —triol, etc. and : 9
(v)  The presence of more than one —OH groups 1S indicated by sulll ’rep-eatl“gth“f

t

_ . J
number of carbon atoms on which —OH groups are attached. e._g_ 5 !
’ CH,—CHy - CH;—CH —GH,
é)H OH OH OH OH
1,2-ethanediol or 1,2,3-propanetriol
Ethane-1,2-diol (glycerol)
(glycol)

(vi) In unsaturated alcohol, the hydroxyl group gets the lower number rather than unsamratllon, e.g.,
CHa—CH = CH—CHz—OH
2-Butene-1- ol

'

Physical Properties

"o Alcohols upto-butanol are generally colorless liquids with char:clcteristic sweet smell Aanc% burn;?g ta.ste.. . |
* They are readily soluble in water. The solubility of alcohols is due to hydrogen bonding which is significan;j,

lower alcohols but deceases :n higher alcohols. '

R R i 8 S e Sl Melting |- Bolli
L

O——H - O—Howrr O Hvr O—H CH,OH -978 65.0

Hydrogen bonding in alcohol CHCHOH | -1147 | 785

o e CHCH,CHOH —1265 | 974

/ \ﬁ+ 4 / CH,(CH,);,OH| —8g5 17.3

R H oo .C.>\ﬁ+ CH,(CH),OH [  -79.0 138

o ‘

Hydrogen bonding between water and alcohol

* Melting and boiling points of alcohols are higher than corresponding alkanes. This is due to hydrogen bonding
which is present in alcohols but absent in alkanes.

¢ The alcohol functional group consists of an O atom bonded to a C atom and a H atom via o-bonds.
* Both the C—0 and the O—H bonds are polar due to the high electronegativity of the O atom.
* Due to the high electronegativity of the O atoms, alcohols are slightly acidic.

* The anion derived by the deprotonation of an alcohol s the alkoxide. Alkoxides are important bases in organic
chemistry.

Alcohols react with Na (or K) like water to give the alkoxide:
2R-0=H+2Na —_, 2NaOR + H,
2H=0-H+2Na — 2NaOH + H,

1) Hydration of Alkenes

Hydration of alkenes is carried out in the following two steps:
(a) Preparation of alkyl hydrogen sulphate;
Alkenes are dissolved in concentrated H,SO, to fo

rm alkyl.hydrogen sulphate,

H H : |

\\ A " (“) = i
_ c=C + H—=0—S—Au — AR
Y S éﬁj OH —— H,C ~CH,~ O —SOH

’ Ethylr hydrogen sulphate
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@) Hydrolysis of Alkyl halides

(3)

Grgnas

) Hy drolysis of alkyl hydrggen sulphate:

On dilution with water fol lowed by heatine <Fod L. x
v: seeldniZ a2l mvds e T e Ty S Ty - ~T
Q1 MYCSVEST SUIphaaes L,'.’.“:}__;.'ZdLDZJICL._:.
f"- 'Y

I B N 23 =
C‘ L '2'-/:0::'1 - H - C..-: e m
— LNngLidun « ";5-3;

R-H.C—x H0 or OH
sy "_ 'y .
R-H.C-OH + HX
. Ah-"l 7]1d-5 can Dl- converied i Oc' U
ONOots using water or hydroxide as the nocleophile
o Mechanism is a simple nucleonhilic su sbstitution
Reactions of RLi or RMgX with Aldehydes and Ketones
P,zm_‘ V. ~.-o'xdar\ and tertizrnv alenhnle ~a i -
M= v lertiary alcohols can be prepared by the use of Grignard's reagefit (RM2X) The
§ reagen 5 10 2 carbonyl r—n, ecule and the resulting compounds forms alcohol on hydrolgss
‘e . 'P"’/‘"" el b d s -
(a) Primary alcohol: Formaldehyvde pives primary akobo Grigmard’s reagen
p - L AENal Y 210000 — S e
Br

H H
2 - N, E . N
b, A s e i#r C—LOH+Mg

CH~CH—Mg—Br+ "C=0 —=%, H—C— OMgar—2» H
Ethymagnesm tromice 4 ) 4 o
yimagnesum bromude 1y \/ CH—CH, CH—CH; OH
thana t-Progars (Prrary Fctol)
(b) Secondary Alcohols: Aldehyvdes other than formaldehyde give secondary alcohols e.2.
H — Br

’l:
" 8 PN 5 e N -4 HO by “
Ig—Br+ "C=0 ——» CH=C—0OMgBr_— CH;— C—OH+ Mg
), / \O""l .

CH;—CH—Mg—B8:t
a
v : ' CH,—CH,

Ethytmagnesium bromice ;
Ty > CH, CH,=CH,
Etnans 22z (Seconcary gcorol)
(c) Tertiary Alcohols: Ketones form tertiary glcohols with Grignard’s reagent under similar conditions ¢.g.
H, CH,
C ® , \' Br

CH.

b . e s A AN HO
CH:—CH;—P.’,g—BH/C:O - CH.;—/C—O /gBr — CH, —/C OH + ...g\
\/ CH—CH, CH—CH, OH

Cor Lowmmmerpe 1 . Y
Ethyimagnesium Tace
C'I I 3

2-Memy-2-paand (Tertary 2icchod)

(4) Reduction of Aldehydes and Ketones
etones and carboxylic acid (esters in the presence of Ni, Pd or Pt) gives al¢ohols e.g.

Reduction of aldehydes, k
O

R—C—R e R CHOH
Ketone R
(5) Real:cnons of RLL o RMdgx :Z:: f?‘:ren:ildch\des
sters react with Grignard rea H\ (I? OC2H5
CH, Mg Br + C‘—EF) — CH;—C- H+M9 N
Acstaidenyde

OCZH5 Br

Ethyl formate
d reacts with another molecule of Grignard’s reagent to give alcohol.

The aldehyde so forme
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228 Chapter-18 (Alcohols, Phenols and
: Ethgrs
H B
H H . r
e ) s, (PR ! AN = H,O -_\ _ /7
Efwyimagnesum sromide C/ “\/ CH—CH, CHJ_CHZ OH
Ethanal 2-Butanol (Secondary alcohol)

-Similariy other esters give secondary and tertiary alcohol

(6) Reduction of Carboxylic acids and Esters

s with Grignard’s Reagents.

LiALH: besides reducine aldehvdes and ketones. also reduces carboxylic acids and esters$ to give alcoholes.

o .
I
R'—C—OH + LiAtH,

o)

]
R'—C—OR"” + LIALH; —— R’

Elabhoration
e Carboxvlic acids and esters are less reactive 1o Nu than aldehydes or ketones.
e Asaresult they can only k. reduced by LiALH; and NOT by the less reactive NaBH,.
o  Each reaction requires that 2 hvdrides be added to the carbonyl carbon of acids or esters.
Reactivity,

Alcohols react with other reagents in two wayvs:

formed.
O+

Reaction in‘Which € —O boi

It a nucleophile attacks on an alcohol. 1t is the C—O
bond which breaks. As a result a carbocation is

nd breaks
T T A

i Reactionsf ©47_

5— Nucleophile +

CH,—CHOH ——————— CH,—CH, + OH

<

» R'—CH,—OH + H,0O

—CH,—OH + R"—OH

Réaction'in which O.— H bond breaks
. (ESReactions)

s i ARG n

e If an electophile attacks on an alcohol, it is the O—H
bond which breaks. |

8- &+  Electrphile - -
CH,—CH—O—H —=PT2 5 CH— CH,—0+H

—

Etnanol

1. C.H.OH+SOCI —Pni 5 €. H,Cl+ S0, + HCI

Thiom1 chloride L:thyl chlonide

2. C.HOM=HCl- 2% 5CH.Cl+H.C

Order of reactivity Order of reactivity
Tertiary > Secondar: > Primary CH.OH > Primary Secondary Tertiary
alcohol alcohol alcohol ‘ alcohol alcohol alcohol
Reactions Reactions

I. 2C,H,OH+2Na—>2C,H,ONa" +H,

Sodium ethoxide

H.SO,
———*» CH,COOCH, + HO

2. C.,HOH + CH, COOH

Ethyl acetate .

—— ]
Order of Stability of Carbocations is Order of Stability of Alkoxide ions is
Cg . CH, CH, CH,
Hzc-%? > He® » CH,—H.C® YCH, CH~C > CH,-HC-C > H\c—oe> HJc—c:;—d”
CH, CH. ch, CH,
tﬂ fagocion ¢ carbecation Pri carbocation IMetnyl carbocation Methoxide ion  Pri. Alkoxide ion Sec. Alkpude ion  Ter Alkaxide =7
— —

@Reactions .m :
L) Reaction withHX\io give Alk |.Halides

Due
» halogen acig

"

.

Sto form their respective alkyl halides.

R-O-H+H-Br ——— R—Br+H,0

to sCnee § ~t wi
the presence >f unshared electron pairs on the oxygen atom of alcohols, they act as bases and react # ith
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rhe C-0 bond in an alcohol is very slightly

r\\(\‘ih‘-c'
g & H—%—Br%—» R—Br+H,0
, In fact, the alcohol acting as a base first fg
polarized. This electrophile carbon is easily

polarized. Therefore the following reaction mechanism i not

rms an alkyl oxonium ion. Now the C—O bond becomes highly
attached by a nucleophile.

R_ . +3 -3
TOQTH H-g—Br———— R-O-n+mr
1
H
alkyloxonium ion

+ -

R'%‘?‘“ * B —— R-Br+H,0
H

The orders of reactivity of halogen acids and alcoho s are:

HI > HBr > HCL and ter-alcohol > sec-alcohol > prim-alcohol

HCLand primary alcohols are the least reactive amo: gst halogen acids and alcohols respectively. Therefore they
react only in the presence of a catalyst. A solution of ZnCL, i - concentrated HCL is used as a catalyst.

CH;OH + Hot 2nCL/HCL -p oL+ h,0

Lucas Test
The difference of chemical reactivity of alcohols with halogen is used for their identification. For this purpose
alcohol is treated with a solution of ZnCL, in concentrated HCL.

(i) Tertiary alcohol immediately forms an insoluble layerofa ter-alkyl chloride.

R R
| ZnClL, l
R-C—OH+HCL —> R-C-CL+H,0

| Immediately |
R R
(Tertiary alcohol) (Tertiary alkyl chloride)
(i) Secondary alcohol forms an insoluble sec-alkyl chloride in 5-10 minutes.
ZnC
Re CH—OH + HCL 2255 RECH-CL+ H0
5-10 min
| | ‘
R ,
R . - : H (Oxonium wcn)
J Secondary alkyl chloride) . - | )
(Secondary alcohol) ( L'C‘“ a e R—0-2ZnCt,—— R+ HO=2ZnCL.
(i) Primary alcohel forms an insoluble prim-alkyl chloride on |-l, A
heating.

R—O—H+2ZnCl, s R=0—2ZnCt

HO_ZnCl_* H —— K0+ ZnCL.

ZnCL
R—CH,—OH + HCL——I—I;:!-) R-CH,-CLl+ H,0

(Primary alcohol) (Primary alky! chloride)

2) Reaction with SOC!2, PXs to give Alkyl Halides

@) Thionyl chloride (SOCL2) .
Alcohols react with thionyl chloride to give alkyl chlorides.
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O (@]
+, 5 + 1 =
L e S R-0-$+Cl
|
H (':L = H Cl

m
RE—C:)—IISI + Ct — R—-CL+
H CtL

(ii) Phosphorus Tribromide and Triiodide (P
Alkyl bromides and iodides are best prepare
3ROH + PBry— 3RBr + H;POs

3ROH + Pl; —— 3Rl # H;PO;

3) Acid catalyzed dehydration
d condensation of alcohols

Synthesis of Ethers via acid-catalyze

Conc. H1504
2C,H0H M504 ¢ H.0C.H: + H:0 . H.SO,
258 woc c.Hon e tS0, ch. = CcH, + H,0
Diethyl ether 180°C

SO:.;-+ HCL.;\

T

Br; and PI;)
d by treating alcohols with PBr: and PL.

Ethanol

Elaboration

e Reagents typically H.SC. and heat.
In general, typically limited to svmmetrical ethers of primary alcohols.

e The method is not suitable for unsymmetrical ethers.
The substitution involves the ‘O nucleophile of one alcohol att

water molecule.

acking the electrophilic *C” in the other. displacinga

oxygen to make a better leaving group. This is very fast and

An acid/base reaction. Protonation of the alcoholic

reversible. The lone pairs on the oxygen makes it a Lew is base.
H

.-/_\ - ey
CH.CH,- OH + H === CH,CH.-O_
*H

The ‘O’ of the second alcohol molecule functions as the nucleophile and attacks to displace the good leaving
group, a neutral water molecule. by cleaving the C — O bond. This creates an oxonium ion intermediate.

Step 2:

vy H .. -
CH;CH:Q): +CH,CH,-OH —> CHECH:—IO—CH:CH! + H,0
H
H

Step 3: |
ule. ROH is anothet

Another acid / base reaction. The proton is removed by a suitable base (here a water molec
alternative) to give the ether product.
CH,CH, ZC?'CHzCHJ +H,0: = CH;CH:‘@‘CH‘.CHJ +H,0"

H
4) Preparation of Esters (Esterification
*  Alcohols react with organic as well as inorganic acid to form their respective esters.
CH;COOH + C;HsOH ———s CHyCOOC;H; + H;0

S!Ycen‘ne reacts with a mixture of concentrated HNO; and H,SO: to give an ester called
itroglecerine or Glyceryltrinitrate. ;
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puam— e ——
C
(I:H;OH oG
HOH + 3HNO, _H.s0, !
(llH . —, 'CH20N02 +3H,0
: .
glycerine CH,ONO,

nitroglycerine
with fine sand and moulded into sticks

Nitroglycerine is highly ex

called Dynamite.

o Esters are also formeg by trea
O :
Il

C _ _ -+
AH3 C=Cl+CH;ONa —, CHsCOOC,Hs + NaCt
cetyl chloride sodium ethoxide Ethyl acetate

Plosive liquid, -t IS mixed

e

ting acid chiorides with sodium alkoxides.

(5) Oxidation

Alcohols are easily oxidized by alkaline KMnOj or K;Cr,0,
(j Primary Alcohol: i

A

+ H,S0; solutions to give different products.

primary alcohol is first oxidized to an aldehyde, which is further oxidized to a carboxylic acid.
CH,—- CH,OH KC—'OSOCAC’_» CH,CHO + H,0

acetaldehyde

CH,CHO K& *Hi )y, ol COOH

50°C ic acid
acetic aci
(ii) Secondary Alcohol:

A secondary alcohol is oxidized under similar conditions to give a ketone.
CH—CHOH RLR0, T HS0 CH,—€=0

50°C
CH, CH,
(ili) Tertiary Alcohol:
* Atertiary alcohol is not oxidized by alkaline KMnOj,.

*  When tertiary alcohol is heated with a mixture of K,Cr,0; and H,SO,, it is first dehydrated to an alkene in the
presence of acid. '

CH3 ' CH']
: l H,SO, ]
CHy—CH=C=OH —=——* CH,~CH=C+H0
|
CH, CH,
* The alkene is then oxidized to a ketone and a carboxylic acid by K;CCrIz_lOy and H,SO,.
CW 3
- |
L KGR0 #HSO0 cpy _ COOH +C =0
CH,—CH=C" —gmg * Ch,—LOOR G
CH acetic acid CH,
? acetone

Each of the product contains lesser number of carbon atoms than the parent alcohol molecule,
M

Oxidative Cleavaqe of Diols

* 1,2 or vicinal diols are cleaved by periodic acid, HIO,, into two carbonyl compounds. o —
* The reactjon is selective for 1,2-diols. | O\| _0
o ¢n \ / DL
s b b HIO—> C=E+0E G HRI0HEHO o 0
The reaction occurl vialthe formation of a ____l’—-———CfVC“lcz_;;';‘ljgate ester. L\C = C/—
This can be used as a functional gr Oup}::tsittu:;té’on the ;iiol. I

The products are determined by the su —
Cyclic periodate ester

P
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he Sulfur Analogues (Thiols, RSH
Nomenclature -
alealies esponding alkanes. ¢.g.

Thiols are the sulfur analogues of
These are names by adding the suffix ~Thiol to the name of corr
HaC—SH - CH,—CH,—SH
Methane thiol
Physical Properties

e In these compounds (thiols), hydrogen bonding is much' we

Thiols have lower boiling points than similar alcohols.

Ethane thiol

aker than that in alcohols.

‘o

Structure ’
Generally similar to alcohols, but bonds to ‘S’ are longer and weaker than those to ‘O’.
atom and a H atom via o=bonds,

group consists of an ‘S’ atom bonded to a C
— H) since *S’ is less electronegative than ‘O’

e The thiol functional
e The S—H bond is less polar than that in alcohols (O

SH (pKa = 10) versus ROH (pKa=16t0 19)

Reactivity
ut as nucleophilic as RO,

Thiols are much more acidic than similar alcohols, e.g. R
Thiols are also 1r-:ch mere nucleophilic than similar alcohols, in fact RSH is abo

Thiols are readily oxidized due to S—O systems rather than C = S systems.
—R, a biologically important reaction.

Thiols are commonly oxidized to disulfides, R—S—S

UICK
(E,)'UIZ

What are monohydric and polyhydric alcohols?

1
Ans. Monohydric Alcohols
They contain one hydroxyl group (-OH).

They are further classified into primary, secondary and tertiary alcohols.
In primary alcohols, ~OH functional group 1s attached with primary carbon atom, in secondary alcohols wi

L]
secondary carbon atom and in tertiary alcohols it is attached with a tertiary carbon atom.

CH, CH,
AN ™~
CH,—CH—OH CH—OH CH—C—OH
, Pl P
| CH, CH,
Primary alcohol Secondary alcohol Tertiary alcohol
Polyhydric Alcohols
¢ They contain more than two hydroxyl groups (-OH).
?Hz_(l:Hz (IJH;"' CH=CH,
|
OH OH OH OH OH.
Ethylene glycol Glycerol

12. Why some alcohols are readily soluble in water

Ans. Lower alcohols ar i ble in w, r alcohols c
e readily solp i B ili
t = y i }1 i] nl]n ater bl.ll SOll.Ibl]lly decreases in llighc alcohols. Th S()lul)ilily of | '
due to llydlogen bond ng which is ore prominent in lower alcohols but less promincnt in highcr ﬂlCOhOB'

4/
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H

Hydrogen bonding in alcohol

.5 o
/Q\M 5 /H
\g
. H
Hydrogen bonding between water and alcohol
Wwrite the structures of water and methyl alcohol.

(A
Ans. . i
4 9\ /.C?\
H H +CH; H
_ , Water ) -Methyl alcohol
4, Write the formulas of primary, secondary and tertiary alcohols.
i CH, CH,
AN N
CH,—CH,— OH CH—OH CH,—C—0OH
/ 7
CH, CH,
Primary alcohol Secondary alcohol Tertiary alcohol

i i i i Is. )
_ How Grignard’s reagent is used for the preparation of alcohols. , ' . . Sihe
ins. Alcohols (primary, secondary and tertiary) can be prepared from Grignard’s reagent by reacting W ith aldehydes

and ketones. ‘

5’/.:?6\‘5* & Ether r_AM- 3 H—C — OH +Mg
CH;~CH;—Mg—Br + /C=O — H /C OMgBr —=> 1> S
Ethylmagnesium bromide  H \/ CH;—CH, CH—CH, |

Methanal ‘ ‘ 1-Propanol l(_F{’nmary alcohol) o
e s ~ HO, GG —OH+ Mg

b- a+ _o- or o Ether — C—OMaBr i G- g
CH~CH—Mg—Br + | =0 —* CHi /C g C/H N
Ethylmagnesium bromide CH3\/ CH—CH, CH:—; Za o

Ethanal 2-Butanol ( ec?:nHry
CH3 3 Br

CHy . N y
" =% " " HO :
&mfw 6- Ether —C— OMgBr — CH,— C—OH + Mg
CH:=CF—Mg—Br + ~.c=0 — —* CH 9 7

| \OH
E!hylmagnésium bromide C/H \/ CH;—CHz CHS— CH 2 .
3

one 2-Methyl-2-butanol (Tertiary alcohol)
. Propan

T AT e OB ]

toduction [
First prepared by R‘Tge The word phenol (C.(,HS—OH)
Melting point of phenol 41°C ‘ is often confused with phenyl
. : 2°C (CeHs—).
Boili t of phenol 182°C
Si‘:;;:;if::;mplz of phenol _ Carbolic acid (C¢HsOH)

benzene ring,-are called phenols’.
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w carbolic ncid, 1o,

e It was first obtained from coal tar by Runge in 1834,
for benzene (phe

e The simplest example phenol is also kKnown

e Phenol is dernived from the old name
hyvdroxy! group (ol).
e Phenols can be obtained via substitution reactions,

important laboratory method.
e Phenols are acidic and are important inte

Nomenclature

Phenols are named just like othe

special names.
In IUPAC system, —OH group is represente
the molecule is used as a suffix. Some common namc

Structure

rmediates in the pre

r derivatives of benzene. An

d by name h

IUPAC Name

Col 1O

s. and their IUPAC names arc given below:

ne), to include the suflix that indicates w pg,
with the hydrolysis of dinzonium  salts being y,, .
paration of aryl ethers, CiHg—=OR

yhow, most of the members of this family haye

ydmxyl. It is used as a prefix, while the'benzene pypn of

Common Name

1.3-Dihydroxybenzene or

m=hydroxy phenol

o o
SN
O
I

OH
© Hydroxy phenol Phenol (carbolic acid)
A
OH
1
6 OH ].2-Dihydroxybenzenc or X
2 ; Catechol
o-hydroxy phenol
5 3 - .
4
OH

Resorcinol

I,4-Dihydroxybenzene or

p-hydroxy phenol

Hydroquimone

2-Methylphenol

o-cresol

4
OH
1
67 2
3-Methylphenol m-cresol
Sl 3
" CH,
OH
1
6 2
5 3 4-Methylphenol p-cresol
4
\ CH,
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) ——
24,6-1 rimitrophenol Picne acid
g alcohol functional ¢ TR P
o The alee ; ETOUp consists of an O atom bonded to an sp*-hybridized aromatic C atom and a H atom
via o bonds. : sp-hybridized aromatic C ¢

oth the C=0 and the O=H bonds are
" bonds are polar due 10 the high clectronegativity of the O atom.
ared electron
This results, as compared to simple alc

Conjugation exists between an unsh air L
pair on the oxygen and the aromatic ring.
ohols is:

(i) ashorter L‘(lrl\\\ll-(1x>'gc11 bond leneth

(i) a more basic hydroxyl oxvpen

A 65~ &
(iii)a more acidic hydroxyl proton (O — “‘)

physical Properties

tidic Behaviour of Phenol Acctic acid 373

Phenol 1s a colourless, crystalline, deliquescent solid.

It has characteristic phenolic odour.

It's melting point is 41°C and boiling point is 182°C

It is sparingly soluble in water forming pink solution at room temperature but completely soluble above 68.5°C.

It is poisonous and used as a disinfectant in hospitals and washrooms.

Acidic strength « 1/pKa

It causes blisters on the skin Acids pKa
T sulphurne aci 100

It has distinctive odour Sulphuric acud 10 ¢
Hydrochlone acd Q0

¢ Phenols are more acidic (pKa = 10) than alcohols (pKat = 16—20), but less acidic l\:l'"l :‘\'\:
than carboxylic acids (pKa = 5) I Mv' 159
liComparison of Acidity of Phenols and Alcohols
The stronger acidic nature of Phenals thin alcohols can be explained as:
(a) Phenol exists as afesonance vbrid of following structures:
e OH :éH :éH :éH

:OH
G 8
y o

| 1 [11 IV \Y,
Tt lue 1o resonance oxygen atom of the —OH group acquires a positive charge (as in structures 111 to
ws due 1o re ¢ o

ar . ll l l“l l"u(““g l‘) lhk I'L‘lL‘.’lM‘ \‘t h\'\h-l’kk“ .l‘l"" as n
a acls C‘l( I I anmr ' n » \ - I |

Phenoxide lon
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Carbon atom of the > COH group in phenol being SI]’ -hlyb“d'ZCd 15 Tor‘; eil'FCtion ;}T;lacting lh?q/

.y ; :0 phenols there are greater I-etfect which fy... %
the sp’-hybridized carbon atom In alcohols. Thus 1 p ] el IR facilipy,

§ ‘dic than alcohols. Since resonance is impossible in 4,
proton release. Thus phenols are more acl ; St Ohoy
(due to the absence of conjugation of the lone clectron pair ek L Vlvflh y tdouble bond), the hb'droz‘: |
atom is more firmly held to the oxygen atom. Hence alcohols arc ncutral in nature. >

» ca rogen atom is more resonance stabil;
(b) The negative Phenoxide ion fomfcd after the rclc.'lu§c qf h)(f)li‘ nf K v chargein e alkexide iol:lllcd thyy
phenol. Since there is no possibility for the delocalization g , the la‘%

is not stable. Hence alcohols have no tendency to form alkoxide and hydrogen 1on.

(ii) Comparison of Acidity of Phenols and carboxylic acid
Resonating structures of carboxylic acids are:
0 0

R—-l(!—é):H< )R—(lf=gH
I I1 (involves charge scparation)
Carboxylic acids ionize as:
R — COOH y RCOO™ +H’

(carbozylaie ion)
The carboxvlate anion so formed exhibits the following resonating structures:

i 7P

|

R-C-0"« y R—C =0
111 1A%

Now the resonating structures I and II of carboxylic acid arc non-equivalent and hence much less stable
than the cquivalent resonating structures 11T and 1V for the carboxylate ion. Thus carboxylic acids have a tendency
to undergo ionization to form more stable carboxylate ion and protons.

Now let us compare the acidic strengths of carboxylic acids and phenols. The resonating structures of
phenoxide ion are not equivalent as shown below:

o e, 0 0
S &=
D — T — 00—
’ N
I 11 [11 v \Y

The resonating structures III and IV of carboxylate anions are equivalent. Hence carboxylate anion is
relatively more resonance stabilized than the phenoxide ion. Thus a carboxylic acid is more acidic than a phenol.

(ili) Relative acidity of some common compounds follows the order:
RCOOH > H,CO; > C¢HsOH > HOH > R — OH
(iv) Effect of substituents on the acidity of Phenols

Electron attracting substituents tend to disperse the negative charge of the phenoxide ion, thus stabilize
the ion and increase the acidity of phenols. Electron releasing substituents tend to intensify the charge, destabilizz
the ion, diminish the resonance and decrease its acidity.

LTS Q.3(6) Give at least two methods for the pre

Preparations of Phenols

Industrial (Large scale) preparation of Phenol

(i) Reaction of Sodium salt of Benzene Sulfonic Acid with Sodium Hdroxide

Sodium benzene sulphonate i 3 v alkali li °C oi : i ich of
. v ph(;:m)lr'la ¢ on fusion with strong alkali like NaOH at 300°C give sodium phenoxide which

paration of phenol. =
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(Morobenrene & hvdrolvzed heatin

i ! 2 with o0 o e
RN whach on treating with N RIVES phen » NaOH ot O and ander high pressure 10 form sodium
] . .
“. I‘I"l1

e~ ‘-\ 1

{"'{ "1 L /"\\‘\\. oy

i J ] i > \ 4 [ / %

\‘\. i1 » l ! 1 - » s \

\/ N .

i) Acidic oxidation of cumene

it 6 recenth developed commercial sttt fo ob . -
v ) " WADOG Jor the pwe v ol phepo! Cagnene 1 oxidized by atmospheric
~AVEeR 1 rv(“.:"n\{ ('vf 131-'\’.'\‘ Cataivel o« et vt mwe s -

{ V4 pa— - -\-”
| \ |
ll‘\.\‘ i { A 4 s - ) : 9 r‘:’,
A‘ i ‘ i
\ ' - e Q=™

The hvdroperonde © converied into phonol through an 3 SO stah S rearrangrment

C OH
2 MO O ‘\__01

™~

|
A
.x’\ AN ke (
, \ .
(’ 4 F\ |0 /- \ | -

i | | ——— ! }1 é > O
Ll /) \_ /
\\") >~ nC

S
- i« o 3 2
\..';' s"".-i "‘-‘- »'Re’»l O e ~leione

boratory Preparation

Preparation of Phenols from Aryl Diazonium Salts
Eadoration
imtoy o —"]_".: usng !ilt(,f H '\‘J‘ heat

- sy 1Y <
*  And diazomum salis'@an Db cred Mo 55 )
of arvi ammes with aitrous acid, HNO,

" T nared by reathion
' And diazoniugl salifarc propance vl

- O-
N = /\Y/ g
/\/ 3 <
L PR o |
'\/! e 7
-
/\ NEN
. o
) 2P NH, <O WC . L
{ —— 1
f | (NaNO, = HCL) ~F
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roparation summary of phenol SO.Na

+

CT “heat |
Gl

NaOH + O heat OH "

Ly ©’ -
0)\ H,0
O: A,S0, 2 |

N; _
H,SO, | :
100°C

NaOH

H,0

+

Reactivity

Phenols are very reactive towards electrophilic aromatic substitution. This is because the hydroxyl group, ~OH,

is a strongly activating, ortho- / para- directing substituent.
Reactions of Phenols

i) Electrophilic Aromatic Substitution

Elaboration

Phenols are potentially very reactive towards electrophilic aromatic substitution. This is because the hydroxy
group, —OH, is a strongly activating, ortho and para- directing substituent.

Substitution typically occurs para to the hydroxyl group unless the para position is blocked; then orthy
substitution occurs. ‘

The strong activation often means that milder reaction conditions than those used for benzene itself can be used.
Phenols are so activated that polysubstitution can be a problem. ’

OH OH OH
E* .
— + +H
' ' E

-ortho-
' _ para-

Reaction Phenol' : Benzene
Nitration - dil. HNO; in H,0 or CH;CO,H HNO; / H,SO,
Sulphonation conc. H,SO, H,SO, or SO;/ H,S0,
Halogenation X, X, / Fe or FeX;
Alkylation ROH /H" or RCL/ ALCL, " RCL/ ALCL,
Acylation RCOCL/ ALCL, RCOCL/ ALCL,
Nitrosation aq. NaNOQ, / H'

ii)\Reaction with Sodium Metal |
Carboxylation of Phenols (Kolbe-Schmitt reaction

. Thereaction of sodium salt of phenol with

CO, is called Kolbe reaction. It is carbonation of phenol.

At low temperature sodium salicylate (sodium-o-hydroxy benzoate), whercas at higher temperature o-produd

isomerizes to p-isomer. :
Carbon of CO;, acts as electrophilic centre in this reaction |
Acidification of the salt gives corresponding hydroxy| acid . ;
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Preparation summary of phenol

SO,Na . . '
NaOH + CT —Eﬁat—- |
._CL
NeOH * Q Theat | OH
L, ©’
eatin
O = H,S0,
N;
o + () Hso, ]
100°C

Reactivity

Phenols are very reactive towards electrophilic aromatic substitution. This is because the hydroxyl group, -0l
is a strongly activating, ortho- / para- directing substituent.

Reactions of Phenols
i) Electrophilic Aromatic Substitution

Elaboration

*  Phenols are potentially very reactive towards electrophilic aromatic substitution. This is because the hydroxy
group, —OH, is a strongly activating. ortho and para- directing substituent.

e Substitution typically occurs para to the hydroxyl group unless the para position is blocked, then orthy
substitution occurs.

*  The strong activation often means that milder reaction conditions than those used for benzene itself can be used,
Phenols are so activated that polysubstitution can be a problem.

CH OH OH
-4 )
« | —= + +H

‘ E

-ortho-

’ ) para-
Nitration - dil. HNOs in H,0 or CH;CO,H HNO; / H,SO,
Sulphonation conc. H,SO, H,SO,4 or SO;/ H,S0,
Halogenation X, X,/ Fe or FeX;
Alkylation ROH/H™ or RCL/ ALCL, - RCL/ ALCYL,
Acylation RCOCL/ ALCL, RCOCL/ ALCL,
Nitrosation ag. NaNO, / H~

ii) Reaction with Sodium Metal

Carboxylation of Phenols (Kolbe-Schmitt reaction)
e The reaction of sodium salt of phenol with CO, is called Kolbe

* At low temperature sodium salicylate (sodium-o-hy
Isomerizes 10 p-isomer.

* Carbon of CO; acts as electrophilic centre in this reaction.
e Acidification of the salt gives corresponding hydroxyl acid.

reaction. It is carbonation of phenol. p
droxy benzoate), whercas at higher temperature O'P“’du |
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5
z

OH O-fsa OH
O + NaQH ———— O + CO 1%C COONa
Na-Phenoxide OH
240°C
COONa
il Oxidation of Phenols

l’hcnﬂh are very reactive towards oxidizing agents. The oxidation tnkes place through several steps eventually
ysoying ) the ring.

pifference hetween Alcohols and Phenol

The main difference between alcohols and phenols are as follow:

Alcohols RO 1 kst Phenols
o Inalcohols, hydroxyl group is attached to an alkyl | e In phenols, hydroxy!l group is attached to an aryl
group. ; group.
s Alcohols are hydroxy derivatives of alkanes. e  Phenols are hydroxy derivatives of benzene.

¢ In alcohols, one hydrogen of water is replaced by | »  In phenols, one hydrogen of water is replaced by
an alkyl group., an aryl group.

¢ The general formula of alcohols is R—OH. e The general formula of phenol is CHsOH. 1t is
also known as carbolic acid.

¢« Alcohols may be monohydric and polyhydric | Phenols are not monohydric or polyhydric.
depending on the number of ~OH groups '
attached,

o Lower alcohols are generally colorless liquids. e They are colorless, crystalline, deliquescent
solids.

+  Alcohols have a characteristic. sweet smell and |  They have characteristic phenolic odor. Melting
Bamoiiaste: point of carbolic acid (phenol) is 41°C.

* They are readily soluble in water but solubility | » Carbolic acid is sparingly soluble in water
decreases in higher alcohols. forming pink solution at room temperature but

completely soluble above 68.5°C.

s Alcohol reacts with other reagents in two ways, | ¢ Phenolate ions have resonance structures but
either in which C—=0 bond breaks or in which alcohols don not have such type <tructures.

O~ bond breaks.

—

s Alcohols are less acidic (pKa = 16-20) than.| ® Phenols are more acidic (pKa
| (pKa = 16=20).

dl"llnls (pKa = 10).

f / QUICH
L\" GUIZ

How neqgative charge of phenolate ion is stable?

' In phenolate ion, the negative charge on oxygen atom can become mvolvcd with the n-
Wenzene Fing The negative charge is thus delocalized in the ring and the phenoxide ion becoy

10) than alcohols

clectron cloud on the
nes relatively smble.
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Ans.

6.

e

Ans.

Ans.

Ans.

Why phenol is more acidic than ethyl alcohol?

Ans. When phenol is dissolved in water, it ionizes to phenoxide ion. In

atom can become involved with the n- electron cloud on th

e benzene ring. The negat localized
in the ring and the phenoxide ion becomes relatively N Etie charge P
ethoxide ion of ethyl alcohol. This makes phenol more acidic than ethyl alcohol.

What happens when phenol is heated with zinc dust?
Ans. When phenol is heated with zinc dust, benzene is formed.

(O 0 _+ 0 o 0‘{1:—’
%Hégj« @ @

What is acidity order of phenols?
In phenols. electron withdrawing groups increase the acidity while electron donating groups decrease the

acidity. Substituents, particularly those located at ortho or para posmon to the —OH group, can dfamatlcau)

'fluence the acidity of the phenols. i
o-Chlorophenol > p-Chlorophenol > Carbolic acid > p- Methoxyphenol

Why phenols are very reactive towards electrophilic aromatic substitution?
Phenols are potentially very reactive towards electrophilic aromatic substitution. This is because the h)dTOXy

group, —OH, is a strongly activating, ortho and para- directing substituent.

Explain carbonation of phenols.

Carboxylation of Phenols (Kolbe-Schmitt reaction)
The reaction of sodium salt of phenol with CO; is called Kolbe reaction. It is carbonation of phenol

At low temperature sodium salicylate (sodium-o-hydroxy benzoate), whereas at higher temperature o-product

L]
isomerizes to p-isomer.

e  Carbon of CO; acts as e]ectrophlhc centre in this reaction.

e  Acidification of the salt gives corresponding hydroxy! acid.

-+ -+
OH ONa OH
COONa
. + NaOH —m + CO, —>
Na- Phenoxnde
240°C @
COONa

Alcohols and phenols both contain —~OH group. What is difference between them
Alcohols are the hydroxy derivatives of hydrocarbons. In alcohols the OH group is attached to sp’ hybnd:zed
carbon or sp’ hybridized carbon which is not the part of benzene ring.

Phenols are the hydroxy derivatives of benzene. In phenols the OH group is attached to sp® hybridized

carbon which is the part of benzene ring.
e —t4———1

) OH sp OH sp

/
R—HC—HE—OH R—HC= Cﬂ o O U

(alcohol) ~ (alcohol) (alcohol) (phenol)

phenoxide ion, the negative charge on oxygen

stable. This type of delocalization is not possible With
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' —_— 7 TON0IS, Fhenols ang

W
MCQ’s
(1) Reaction of alkyl halides with dry Ag,0 The product g
When alky! halides are heated with dry silver oxide. then ethers are produced when an alky) ha“'deeg
treated with mg; ¢
— \., ist A
T + Ag, 0—2 O +2AgX (a) Alcohol &0
R—|¥% R/ (b) Carboxylic aciq
AT 4 (c) Ether
Alky!l halide Ether (d) Alkane
CH,~CH,—| Ct CH,—CH;

+AQ,[O v, \O +2AgCL
CH,—CH,””
Ethyl chloride Diethyl ether \
(i) Two different primary alcohols give three different ethers when treated with H,SQ,,
CH3yCH,0H + CHyOH ———» CHy~0O=CHj + C2Hs—0O~C,Hs + CH3—0—-C,Hs
Ter-butvl and cthyl alcohol give one ether.
Physical Properties

CHy=CH, | Ct

*  Ethers arc colorless. low boiling and highly inflamimable compounds,

®  Their chemical inactivity and their ability to dissolve fats, oil, gum and many other organic compound make them
very pood solvent,

* Ethers are soluble in concentrated sulphuric acid.

a characteristic' of oxygen containing compounds, This
5 —_—

broperty is used as a test to distinguish between cthers and saturate hydrocarbons.

®  Lowerethers act as anacsthetics,

* Ethers are lighter than water.

of ethers.

Q.3(5) Give the feactivity

Chemical Reactivi

The image shows the electrostatic potential for dimethyl ether. The more d
and the more light area has low electron density.

ark an area has high electron density

The ethereal *O" atom is a region of high electron density (dark) duc to the lone pairs.

n e Lthers are 1ewis bases.

Like an alcohol —=OH group, the =OR group is

a poor leaving group and needs to be converted to a better leaving
group hefore substitution can oceur. ’ '

Fhe most important reactions of ethers is their cleavage by strong acids such as HI or HBr.

s
<o
st

¥

ﬁ_ﬁ

). How ethers shb\;v"rés'istér_wé'c-ta oXidaﬁon"hq— =

ns. Resistance to Oxidation:

Ethers arc resistant to attack by the usual che

i A : : jes and
mical oxidizing agents, Morcover, reagent like NH3, Na, alkalies 8
acids have no action on cthers,
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. How ethers react with H_pg,- ‘ |
f Reaction with H—Br: "":; ’ ]

n
The oxygen atom of an ether mole
oxonium ion. No further reaction t

cule possesses unshared ¢

lectron pair, which accepts : ‘H- orm
akes place, pair, which accepts a proton of H=Br 10 fc

/Q"'H—Br\_) /O+_H+Br-

R
How ethers react with H—|? R — S— -

Q
ARS.

Reaction with H—|:

The oxygen atom of an ether molecyle
oxonium ion, which further reacts with

Possesses unshared electron piar, which accepts a proton of H—1 1o form
I'to form R~OH and RJ,

. R_
JO+H= — 5 O —H T
Py
R™ R
R\
O —H+| —— ROH +RI
R

+ Diethyl ether reacts with HI to form C,H—OH and CyH,l.

wAQUICK
@ QUIZ

1. How is diethyl ether prepared in the laboratory?
Ans, Diethyl ether is prepared in the laboratory by the reaction of ethanol with conc. H,SO, at 140°C,

N0+ H=| —— CH,—OH + CyH, — |
CH.” . ’

Conc. H2S0O
2C,HsOH °1—4Ooé——“> C,HsOC,Hs + H,0
Ethanol Diethyl ether

* In laboratory dicthyl ether can also be prepared by Williamson’s synthesis.
2C,H;OH + 2Na — 2 C,HsO"Na* + H,
C,HsO"Na® + C;HsBr —> C,HsOC,Hs + NaBr
2. What are symmetrical and unsymmetrical ethers?
Ans, Simple or symmetrical ethers. (R - O - R) which contain two same alkyl or aryl or p_hcnyl groups e. g. dimethyl
ether (CHSdCl‘lg) and diethyl ether (CH:— CHz - O - CH;~- CHa).
Mixed or unsymmetrical ethers. (R = O —R") which contain different alky! or ary! or phenyl g oups. €.4.. ety
methyl ether (CH: — O — CH, — CHs) etc.
What is Williamson’s synthesis? .

Williamson’s synthesis ‘ ) .
When alkyl halides are heated with sodium or potassium alkoxide, then ethers are produced. This is the most

Important laboratory method. -
202H5OH + 2Na — 2 C2H5O Na® + H,

K CszO—Na* + CszBr——> CszOCsz + NaBr

Angs,
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Chapter-18 (Alcohols, Phenols and gy

lOrganometaliic compounds in medicines
1. Antiseptics and Disinfoctants

Antiseptics and disinfectants are an cveential part of infec
nosocomial infeetion.

tion control practices and aid in the
and other health care settings for a v
varicty of active chemical agents or biocides are found in the

Prevens,

a

They are extenan eIy ueed i hospitals
hard surface apphcations, A wide se products man, . |
have been used for hundred of years for antisepais, dismiection and preservation. In general, biocides have "
| spectrum of actnoy than antibiotics, | ¢ widespread use of antiseptic and disinfectant products_has Promete. ..
SPCCUL’lli(‘n on 1'\(.‘ l|L‘\l‘|(\Dll\L‘|ﬂ {\f mICH ol l_-\i\l.'mg\ " l‘."'-l(.ll'.’\r Cn\\\.rcgigmncc ) .'llllihi()li(:\. Anti micmhm\-‘,

of antiseptics and disinicetante can be influerced by manyv “actors c.g. formulation effects, presence of an orpan,. 4.1
temperature, dilution ¢rc. 1

| Antiseptics

-

ancty of 1oy

€ 2 by

erovhoand development of MIgro organisms. For Practy
PUrposes, antisepiics are thought of a< 1opical acents for applcaten to sk mucous membrane and nanimate - o
| They can be enther bacrericidal or hacte, static Their ases inelude cleansing of skin and‘wound, surfaces after i
i{nn:pnrnlmn of <Kin ~uriace PHOr 10 mjechion o surgeal procedure
i
[}

t

“ An antiseptic 14 a substance whely nhiby the
1

f

’

and_routine.disinfection of oral cavity a6 par of of
* ]

Eh_\ gienc,
: . Disinfectants

‘ Disinfectants were introduced I 1 181Cn Wi

mtraduced carbolic acid (phenol) as the first disinfectant T4
(drsinfectants are wideiv used in the health care

food and pharmaceutical sectors 1o prevent unwanted micro-orpasig
Hiom: cuisine disease. Disinfectants chemicals ansrupt significant cellalar
[ eliminate micro-organism,

f2. Ether — An effective Anaesthetic

; Before the advent of anacsthetics. MITRCN s Lavaee and primitive affair. [t was agony for the patient, §
surgeons were therefore only prepared 10 operate if it was absolutely essential, for example, the amputation of a damag
| limb that would otherwise become gangrenous amacstheties enable surgery 1o dey clop from crude carpentry to it prest
j ‘sophisticated forms

structures or processes in order 1o kil |

Three of the most important carbvanaestheues were nitrous oxide (dinitrogen oxide, N,0), ether (ethoxyctha

, CH:CH,OCH.CI' )y and chiloroform (trichloromethane, CHCL.)

| * Nitrous oxtde (N:0) is non-tex1c @nd non-fiamm- ble. but it only produces light anaesthesia.

e Chloreform (CHCL) produces@ecr anaesthesia and is non-flammable, but 1t is toxic and carries the risk of [
damage

* Alcobolsandphenols are hyadroxy ! derivatives of aliphati= and aromatic hydrocarbons,

o Gengrgdtomrula for alcohol 1« RO for Phenol PHOH. and for cther it is ROR.
o ARChtare usnally named by rerlacing ‘¢ from the \lkane with “ol’

e Priman a'-ohols can be ovidize!

o Sccondan alcohols can be oxidized 1o b e but no further,

e  Termary alcohols cannot be oxidized (no carbino! C =1 '
o The thiol funciional group consivis of an S atom hond o v a C atom and a H atom via o=bonds.

s . . - . o 9)
e Thiols arc much more acidic than similar aleohols, e RSH (pKa = 10) versus ROH (pKa = 16 to 19)

{
e  Phenols are more acidic (pKa 101 than aicohols (pKa » 16=20), but less acidic than carboxylic acids (P
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Epoxides are more reactive thap simple ethers
AC system. $ are nam :.
1n TUP \ ethers a named as alkoy derivatiy falk
X) ‘es of alkanes,
' unreactive,
Alcohols are soluble in water while phenols
S

General formula for alcoho jg R—OH while
Methyl alcohol has proved 1o be eyce

In contrast to alcohol. etherg are fairly

are sparingly soluble.
for phenol is Ar—OH.
llent fuel for racing car.

Ethyl alcohol is also named as wine, peer and whiskey. ' )
Fuel oil mainly consists of amy] alcohol (C;H,,0H) Y.
- IH

) vl 1s know .
95% ethyl alcohol is known as rectifieq Spirit or commercial alcohol
hvlene glveol is : , ’
Etl ) 1 g - 1s the major cOmponent in commercial coolants and anti-freeze.
Glycerol is a1 excellent moist ini
b ure retaning agent. It is useu in vanishi ‘ lotions. shaving foams and
tooth pastes. gag sed in vanishing creams, boay lotions. shaving s

Bakelite (plastic) is a polyme- formed from phenol and formaldehvde.

Phenol is used =s starting material for drugs such as salol. aspirin, phenolphthalein and several other dyes.

Diethyl ether has been used in surgery for anaesthesia.

Cyclic ethers are known as epoxides.

. .- . :EXERCISE

O
Ok
<
©  Drawing a picture can help.
<
&

()
(i)

(iv)

(vi)

(vii)

(viii)

. Multiple Choice Questions. Encircle the correct answer:

Read the question carefully.

Try to answer the question yourself before reading the answer choices.
Guess only if you can eliminate one or more answer choices.

Don't spend too much time on ahy ohe question.
In-depth calculations are not hecessary; approximate the answer by rounding.

Which compound shows hydrogen bonding?

(a) CyHq (b) C,HsCL (¢) CH:—O—-CHs (d) C,H.OH
Which compound is called a universal solvent?

(a) H,0 (b) CH:OH (c) C;H;OH (d) CHa—O—CHs
A ino to Lewis concept ethers behave as

(ajc;l(:;:: et (b) base (c) acid as well as base (d) none of them
Ethanol can be converted into cthanoic acid by o |

(a) hydrogenation (b) hydration (c) oxidation (d) fermentation
Ethanol ~— lenatured by adding;

(a) :1:31;0(10" (b) carbolic acid (c) acetone (d) propanol

acts with CH;COClI the product formed is;

‘ (b) alcohol (c) aldehyuc (d) ester
s of cthers is superior to aJcohols because it makes

) (b) asymmetrical ethers

(d) both symmetrical and asymmetrical Ethers.

When phenol re
(a) ether

Williamsons synthesi
(a) symmetrical ethers
(c) ether at room tempe1ature

; is also called
?a )n;eth;ll phenol is also (b) benzyl alcohol (<) alcohol (d) formaldehyde
reso
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(ix)
x)
{xi)

(xii)

(xiii)

(xiv)

(xv)

chnapler-10 (AICONLIS, FNenois and Ethﬂl")

i i up?
Which one of the following compounds does not contain carboxylic group

(a) acetic acid (b) formic acid (c) benzoic acid (d) picric acid
:“i:‘f"éﬂl‘ b&‘]“di“g ) mm(!;;;l:ﬂ::n'\l (c) ethyl alcohol (d) triethyl amine
a) diethyl ether . . e ,
Which of the foliowing compounds have no aftraction at all with water? .
(a)C H (b) Cz“qu (C) CH}CH)CH;OH (d) CH3—O_CH3
a) Lellg s ;
i *hi ot?
-« acidic than aicohols which statement 1s correc . |
f‘;e“;"s alrti::? :u’::l'?t::m ;:per red (b) alcohol liberates CO, with carbonate solution
a ‘eno ) ) - . . - g
(c) f)henoxide jon is stabilized due to resonance (d) alkoxide ion is stabilized due to resonance
Carbolic acid is treated with dilute nitric acid at 25 °C, the pljoduct is
(a) o-nitrophenol (b) p-nitrophenol (c) m-nitrophenol (d) both a and b

Oxonium ion is formed when
(a) ethano! reacts with Na metal
(c) ether is treated with HI

(b) phenol reacts with NaOH solution
(d) ethanol is treated with aq. NaOH and iodine

2,4,6-Trinitrophenol is commercially called as

(a) TNT (b) picric acid (c) carbolic acid (d) fumeric acid

SOQLYZD 2$25C1S

RV

2 3P i !
@ | (d)C:H;0H N C.Hs
/ \u wlf
C.H. H e Q\
5+
H
Hydrogen bonding in ethanol
(ii) (a) H,0 Water dissolves almost all compounds except some organic compounds so it
1s a universal solvent.
(iii) (b) base Ether'can give lone pair of electrons so they are Lewis base.
(iv) | (c) oxidation C.H.OH - [0]—:%2— cH,cHO—1% CcH,cooH
(Ethanol) (Ethanoicacid)
(v) (a) methanol Ethanol is denawred by addition of 10% methanol to avoid its use for
drinking purposes. Such alcohol is called methylated spirit. A small quantity
of pyridine or acetone may also be added for this purpose. -4
(vi) (d) ester Phenol reacts with acetyl chloride in the presence of a base to form ester.
0
Il
OH O —C —CH,
: O
/\‘ | NaOll
; O |+CH,— C—c1 =2, Q + HCI
\/
Phenyl acetate >
(vii) (d) both symmetrical and

asymmetrical Ethers

When alkyl halides are heated with sodium or potassium alkoxide, then ether®
are produced. This is the most important laboratory method.

2C,H:0H + 2Na — 2 C,HsO"Na* + H,
C:H:0"Na" + C;HsBr —» C,H,0C,Hs + NaBr
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\
4 [@ere!
G OH
1
2
3
4|
H, CH
0- 3
| — : cresol m- cresol -cresol
( (d) picric acid oL )
{i
NO, NO,
NO,
2,4,6-Trinitrophenol
(Picric acid)
c) ethyl alcohol o
 |(eth Q CH,
/ N\ o/
CZHS H ------

Q\ﬁ

Hydrogen bonding in ethanol

() |[(a) CeHe

in water.

Benzene is non-polar while H,0 is polar so C¢Hg (benzene) is insoluble

(i) |(c) phenoxide ion is
stabilized due to resonance

“@4@ p3-C

G

(xiil) | (d) both a and b OH

) + 2HONO, —»@ ©+2[{0

Phenol o-Nitrophenol
p- Nltrophenol
—~—— e
(xiv) (c) ether is treated with HI NG+ H— I /Q+ T
. R/.. R

W7 OH
) (b) picric acid

NO, NO;

NO,

2,4,6—Trinitrophenol
(Picric acid)

\;‘.
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Give brief answers for the following questions. - \

=

What are alcohols? How are they classified?

Ans. Alcohols: ‘ ; at Frsotinmal eroun oo oalad bk o
The organic compounds containing hydroxy] group =OH, as functionzl group zre called g,
Classification of alcohols: LI 2 5 7
AICO}’OIS (;Omaining one —0OH group are (_;;”(!j lﬂ(;li!;h:,"(j!i’; ’A;(Ju,'!yl:; ,:n'j VOSE COt /:,,’,,',',;{ 1% ey gy
" hydroxyl greups are known as polvhydric alcohol.
(i) How are monohydric alcohols classified? *
1
Ans. Monohydric Alcohols
» They contain one hydroxyl group (-OH).
e They are further classified into primary, secondary and tertiary alcohols.
e In primary alcohols, ~OH functional group is attached with primary carbon zem, in secondary zlesheds v
secondary carbon atom and in tertiary alcohols it is attached with a4 tertiary carbon atom,
' CH, CH;
\‘\ \\
CH,—CH—OH CH—OH CHa=0—OH
s »
CH, CH,
Primary alcohol Secondary alcohol Tertiary zlcohol
(iii) Compare the acidity of primary, secondary and tertiary alcohols.
Ans.  When an alcohol is dissolved in water, it loses proton (H ) and alkoxide jon is formed. The acidity of zlsid
p ) 3
depends upon the stability of alkoxide ion which is-
CH, ?H
CH;O(3> CH,—H;C—-OG> HE -5 yHC-C-&
/ l
: CH, CH,
Methoxide 1on 211, Alkoxide on Sec. Rvonde ion Ter, £legrde ion
Therefore. the order of acidity of alcohols is:
. Primary alcohol > secondary alcohol > tertiary alcohol 1
(iv) 2-Butene is the major product when n-butyl alcohol is heated with conc, H;SO,. Explain. 2
Ans. SOHC- H,80;, is.a strong dehydrating agent. When it is heated with n-buty! alcohol, dehydration takes plzct?
2-Butene is produced. During this reaction C~0 and C— bond break.
Oy Conc. H,50, '
CH;—CH, CH,~CH,0H —@s’c > CH:—CH = CH—CH, + H,0
n-butyl alcohol 2-Butene —
(v) Give the mechanism of dehydration of alcohols. -
Ans. Mecchanism of dehydration of alcohols ‘
Step 1:
An acid/base reaction. Proton ;s ¥
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Step 2: '
The ‘O’ of the second alcohol molecij
. : Ciile Ctions as . : \
Jeaving group, a neutral waic; niviecule b) Cl ¢ Tunctions as the nUClﬁ'Opl“le and. attacks o dlsplﬂce it

ili'i;;g l.a

C-01 OTh : * . . .
-2 «-0 yond. This creates an oxonium ion intermediate.

H
CH,CH Q) + CH,CH,- O
2) S \H 3 H: QH —> CH3CH7_9—CH20H3

Step 3: H

Another acid / base react; )
. tion. The . . .
another alternative) to give the ether producimlOn ® le,mo""d by a suitable base (here a water molecule, ROH is

CH,CH, -0 - .
3 2 C? CH;CH», +H:O. E CHJCHZ—Q—CH:CHJ-.- Hao'
H
‘(vi) How will you obtain benzene from pheno!?

ans.  When phenol is heated with zinc dust, benzene is formed

OH
' @*Znﬂ»@—ZnO

Phenol Benzene '
(viij Alcohols and phenols both have OH group but phenols are more acidic than alcohols.

Ans. When phenols are dissolved in water, they ionize io phenoxide ions. In phenoxide ion, the negative charge on
oxygen atom can become involved with the - eiectron cloud on the benzene ring. The negative charge is thus
delocalized in the ring and the phenoxide ion becones reiatively stable. This type of.delocalization is not possibie
with alkoxide ions of alcohols. This makes phenols more acidic than alcohols.

(viii) How will you differentiate between alcohol aid phenol?

Ans,

¥ S s P
A By

" Alcohol . . . L ATl ,
It gives positive iodoform test i.e. on treating with cone. | An aqueous solution of phenol reacts with bromine

HCL in the presence of anhydrous ZnCAL,, an alcohols water to give white ppt. of 2, 4, 6-Tribromophenol.
forms oily layer.
g oH OH
R-CH,- OH + HCL—225— R — CH,- CL+HO ! .
| ' b Br
L‘O +3Br,— Q + 3HBr
~ :
Br
2,4, 6 - Tribromophenol
\L
o Wr C system
(Ix)\wﬁte the nomenclature of ether by IUPAC sy .
Aus, JUPAC system:

Nomenclature of ether by

In IUPAC system the large alkyl (R) group i3 taken as parent molecule and given the last name (suffix)
n sy

while th ller alkvl group along with oxygen is used as prc:jﬁ?fan;i given the name alkoxy (e.g. methoxy,
e smaller alk} | : !
on as they are dilficu
ethoxy, propoxy, etc). IUPAC names are not co.mm il :
iI)\/li)r:ed )ether are named as alkyl derivatives of llyd.(cic}:-zlirbons, e.g.
CH,—-O—-C.H CH,— CH,—CH—CH;
3 2t 75 |
O —CH,

Methoxyethane
’ 2-Methoxybutane
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(x) Why is phenol more soluble in water than toluene? '
phenol it is more soluble in water than toluene which has mcm?

)

Ans. Due to presence of —OH group in

group. ..@(@o.

Q.3 iieans the following questions:

|
a

i are alcohols on industrial scale?
Q.3(1) How will you prep —

Methanol (CH,0H) o N
by distillation of wood. That is why it is also called as wood spirit.

o Formerly methanol was prepared
e Now-a-days methanol is prepared from carbon monoxide and hydrogen or water gas as follows:
(Z2n0O + Cr,0,)

+ 2H, » CH,OH
o *  450°C: 200 atm ’
Unreacted COand H, °
Zn0O Recirculation
* @ PUP
cro.| 3 |
(450°C) § " Unreacted
X = COand H
CO + HZ Gas " E E o 2
¥ Purifier ‘
: 3 Methanol
- Compressor Catalyst : _¢
Tower
Methanol

Flow sheet diagram for the manufacturing of methanol

Procedure
* First of all a mixture of carbon monoxide and hydrogen is purified.
¢ Itiscompressed under a pressure of 200 atmospheres and taken into a reaction chamber by means of coiled pipes-.
* Here the catalyst is heated upto 450-500 °C.
* Gases react to form methanol vapours which are passed through a condenser to get methanol.
* Unreacted gases are recycled through compressor to reaction chamber.

Ethanol is prepared on industrial scale world over, by the process of fermentation.
Fermentation

It is a bi i : . ) . .
. biochemical process which occurs in the presence of certain enzymes secreted by microorganisms such &

Necessary conditions: ' « Required temperature
. B . (¢]
(i) Optimum temperature for fermentation is 25-35°C EE7ie

E ¢ Fermentation

(ii)  Proper aeration dars
(iii) Dilution of solution completes in three
e It is an exothermic

. p c

In Pakistan ethanol is prepared by the fermentation of molasses, starch grains or fruit juices.

e s i i
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V e
{From Molasse

The_residue obtained

ing afi T 3 1
s _Q,-_IEL_IILC_QIY_SI?\'JI_/_@Q]],_ of sugar_from concentrated sugarcane juice is called
_’__,_—-——]"‘

It undergoes fermentation j
5 ntation in the presence of enzymes present in yeast to give ethanol.

Cl:Hz:’.Oll + I.IZO ___lr_l_vc;:;_'-\;sc_._) Clelou "’ C(,I‘lizou

Molasses
S Glucose Fructose

CH,0, —3m, 50 H,0H + 2CO,

Glucose

m . No enzyme = No fermentation

2(CH,0;), + nH,0 P, ,c 4,0,

Ye.
Starch Maltose
Malrase 1
CIZHZIO” + IIZO —Tmr') 2C6'[|206
) Glucose
& Zymase
C,H,0, —Zm<, 9HCHOH + 2CO,
Glucose

Q.3(2) Distinguish ethanol from methanol and ethano! from phenol.

Ans.

' = Ethanol

Ethanol gives iodoform test

Methanol' =
Methanol does not give iodoform test
CH;-OH+I,+NaOH —— No yellow ppt

In jocoform test, cthanol reacts with iodine in the presence of
NaOH and gives yellow coloured crystals of iodoform.

CH=CH,-OH+4,+6NaOH —— CHI;+HCOONa+5Nal+5H,0

‘Phenoll Tosa] 0. .Ethanol ' .
An aqueous solutionofhenol reacts with bromine An oily layer is formed when ethanol is treated with
| water to give white ppt. of 2.,4,6-Tribromophenol. anhydrous ZnCl; in conc. HC{ (Lucas reagent).
; OH zncl,- '
OH GHy=CH,—OH + HCL-—— % CHy—CH,~CL + H,0 -
Br Br
+ SHBr |

+ 3Br,*—\

Br
2. 4, 6 - Tribromophenol

S ——
Q‘3(3) How will you distinguish be
~€actions.

A .
™. Lucas Test XU tarv and tertiary .
Lucas test is used distinguish between primary, sccom ary and tertiary alcohols. For this purpose

alcohol s treated with a solution of ZnClz in concentrated HCE. . id
(i) Teniary'alcohol immediately forms an insoluble iayer of a ter-alkyl chloride.

tween primiary. sacondary and tertiary alcohols? Explain with
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" '
| .
R—C—OH + HCL i, R—C—-CL+H,0

l Immediately |

R R
(Tertiary alcohol) (Tertiary alkyl chloride)

(ii) Secondary alcohol forms an insoluble sec-alkyl chloride in 5-10 minutes.

R— CH—OH + HCL 2%, R—CH-CL+ H,0

| 5-10 min l
R ' R -
(Secondary alcohol) (Secondary alkyl chloride)
(iii) Primary alcohol forms an insoluble prim-alkyl chloride on heating.

R—CH,—OH + HCL——» m' R—CH,—CL + H,0

(Primary alcohol) + (Primary alkyl chloride)

Al —

Q.3(4) Give IUPAC names and structures of the following compounds.
(i) Sec.butyl alcohol  (ii) Lactic acid  (iii) ter-butyl alcohol (iv) Tartaric acid

Ans.

Compound | . IUPACName = | = Structure

CH;—CH, — CH —OH
(i) Sec.butyl alcohol | 2-Butanol l

CH;
OH
(ii) Lactic acid 2-Hydroxypropanoie acid 3 2 1
CH,—CH— COOH
y CH,
(iii) ter-butyl alcohol | 2-Methyl-2-propanol CH;—>C—OH
CH,
HO —CH— COOH
(iv) Tartaric acid 2,3-Dihydroxybutane-1,4-dioic acid I
HO —CH — COOH
Q.3(7) How does phenol react with;
(i) HNO, (ii) H.SO, (iii) H./Pt (iv) NaOH (v) Ag,O —

Ans. Reaction of phenol with:
(i) HNO,
OH

2 +2HONO,

. OH

Phenol o-Nitrophenol

p-Nitropi;enol
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Q.3(8) What is oxonium ion? Describe the chemical reactivity of ether. s

Ans. Oxonium ion o~

An oxonium ion is any oxygen cation with three bonds. The simplest oxonium ion is the hydr.
H;O". Another class of oxonium ions is the oxocarbenium ions, obtained by protonation or a]
a carbonyl groupe.g. R-C=0"—-R".

. RII /Rl’
A, Kk

R R’ R R’
Chemical reactivity of ether

Ethers are comparatively inert substances. The reagents like ammonia, alkalies, dilute acids and metalji
sodium, have no action on ethers in cold state. Moreover, they are not oxidized or reduced easily.

l\Onium ion
"
Ylation o

Q.3(9) Explain following terms using ethyl alcohol as an example; '
(i) Oxidation (ii) Dehydration (iii) Esterification (iv) Ether formation
Ans. (i) Oxidation )
Ethyl alcohol oxidizes to acetaldehyde.
CH,- CH,OH + [O] %CHJ -CHO + H,0
g : Ethanal (acetaldehyde)
(ii) Dehydration
Ethyl alcohol reacts with con. H,SO, and give different products at different temperatures.
C()nc. II:SO.; 1
C2”50H —W*) C”j =l ]_» + ”3()
Ethanol Ethene
Conc. H,SO; 2 p
2C2H5OH W) C;”&OC]] lg g ”30
Ethanol Diethyl ether
(iii) Esterification
‘ H,SO,
C,H,OH + CH, COOH —2 CH,COOCH, + H,0
Ethyl acetate
(iv) Ether formation
Conc. H,SO
2C,HOH =0 CHOCH + 11,0
Ethanol Diethyl ether J—
Q.3(10) How does ethyl alcohol react with the following reagents?
(i) Conc.H,S0O, (i) Na (iii) PC(4 (iv) CH;COOH - (v) SOCI(, =

Ans. - Reactions of ethyl alcohol with:

(i) Conc.H,S0O,
Cone, 1,80, o i
C,HsOH ——lmh—,‘——) CH, =CH, + H,0
Ethanol Ethene
Conc. H,SO '
2C,H;OH "’;;[Tc-h C,H;OC,H + H,0
Ethanol Diethyl ether
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\ Ardost]
(i) Na

(iii) PCLs

CszOH + PQC]

L SHC s pocy, g

2 3 COOI I N\z — Cl IZCOOC/ -! O

Ethyl acetate

(v) SOC{,;
C_'H Pyndine
o G150, 0
0’3(”11) How will you distinguish between? o ‘ .
() analcohol and a phenol (i)  analcohol and an ether
(i) Methanol and ethano, (iv) A tertiary alcoholand a primary alcohol
(v 1-Propanol and 2-Propanol s
Ans.

an alcohol and a phenol

T ——

e —

Ve e e

: g 2Ey .+ .+ Phenol
An oily layer is formed when an alcohol is treated | An aqueous solution of phenol reacts with bromine water
with anhydrous ZnC{, in conc. HCL (Lucas | to give white ppt. of 2.4.6-Tribromophenol.

' Ol
reagent).

Ol
ZnCL, 2
R—CH,—~OH + HCL -~ — R—CH,—C{ + H,0 Bi -
== +3Br.——» +3HBr
: , Br -

2,4, 6 - Tribromophenol

LA NP T

an alcohol and an ether

- _ -
Sy R YAy 4 iy . o AL
. Alcohol el .,E_ther Lo
i i d when an alcohol is treated with Ether does not form oily layer with cone, HCL{ and
Anhoély layjr (1:st0.1 - 1c. HC L (Lucas reagent). anhydrous ZnC{, . Tt means 1t does not give iodoform
anhydrous ZnC4,; in conc. F ucas

test.
ZnCL, _ —Cl+H,0 ) 'L,
R—CH,=OH + HCL ——5 R—CH, 2 R-0-R + HCt 224y N Reaction

(iv) Methanol and ethanol
" Methanol

Methanol does not give iodoform test

CH;-OH+l.4NaOH —> No yellow ppt

Ethanol gives iodoform test

In iodoform test, ethanol reacts with jodine in the presence of
NaOH and gives yellow coloured crystals of iodoform.

CH:-CHy-OH+41,+6NaOH —— CH[,+1COONa+5Nal+5H,0
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(iv) A tertiary alcohol and a primary alcohol

* Tertiary alcohol

Tertiary alcohols when react with conc. HCL in the
presence of anhydrous ZnCly, it gives oily layer
immediately )

LNAdpler=10 (AILODINTVIS, FTHICHNVIS 46l EthErs) ™|

Primary alcohol

Prin;ary alcohol when reacts with conc. HCY{ i, th
presence of anhydrous ZnC{,, it gives oily layer 0;
heating

ZnCh _, (R),CCL+ Ho0 R—CH,—OH + HCL =% R—CH,—~CL + H g
(R)COH + HCL 1y (RREETT T2 Fhameh oot 12 2
— 1
(v) 1-Propanol and 2-Propanol
| . 1-Propanol* - 2-Propanol

I-Propanol (primary alcohol) gives oily layer when it
reacts with Conc. HCU in the presence of anhydrous
ZnCL; only on heating.

ZnCL
CH4CH,CH,OH + HCtTnti) CHaCH,CH,CL + H,0
ea

Q.3(12) Give reason for the followings:

2-Propanol (secondary alcohol) gives oily layer withip
5-10 minutes. When it reacts with Conc. HCY in the
presence of anhydrous ZnCl,

CHa ' CHs
CHa— O OH's Fiot 27, Chy— CH—CL+
3 510min H0

#_

(i)

Ans,

(ii)

Ans.

Ethyl alcohol is a liquid while ethyl chloride is a gas.

Ethyl alcohol — a Liquid:

In C,1150H (ethyl alcohol), strong hydrogen bonding is present due to which it

The physical state of a substance depends upon the strength of intermolecular forces. In
liquid state attractive forces are stronger than in gaseous state. :

o
£ N
C.H, H

CH,
E/

\i

Hydrogen bonding in ethanol

exists as liquid. Moreover, it has high polarizability due to which it has strong van der Waal’s forces.

Methyl chloride — a Gas:

Less polarizability and weaker attractive forces (dipole-dipole forces)
are the main reasons for gaseous state of methyl chloride (CH;CY).

34

Dipole Dipole Forces in CH,CI

Ethanol has higher boiling point than diethyl ether.

Boiling point of a compound depends upon the strength of intermolecular forces present in it. The intermolecular

forces in ethanol are strong hydrogen bonding due to which ethanol has higher boiling point (78.5°C).

On the other hand, diethyl ether has weak London dispersion forces due to which its boiling point is lower

(34.6°C) than that of ethanol.

(iii) Absolute alcohol cannot be prepared by fermentation process.

Ans. Alcohol obtained by fermentation is only upto 12% and never exceeds 14% because beyond this limit enzyﬂ.‘lfs
become inactive. This alcohol is distilled again and again to obtain 95% alcohol which is called rectified spir'
Absolute alcohol can also be obtained by re-distillation of rectified spirit in the presence of CaO which absorbs I

moisture,

(iv) Ethanol gives different products with conc. H,SO,4 under different conditions.

Ans. Aleohols react with con. H,SO, and give different products at different temperatures.

Conc. H,80,

C,HOF
2HOH —r

» CH, = CH, + H,0

Ethanol Ethene
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) | ( ‘(»)nc.ml'l,»S( L
26HON =3 CH0C 1, 4 14,6
[thanol l)iclhyl cther

(v) Water has higher boiling Point tha

4
o N ethano,
iling point of a liquid depeng
, Boiling pomt ol Pends upon streng “inte ! ' :
“ is the boiling point and vice veyg, eth of mtermolecular forees. Stronger the intermolecular forces higher
A
0
h// \ N "f//o\"
H H. M H
N
’ // LY N
H \r J .
’ - 1\."\ / \” . /
o - CH, Howe )
'."// \ N ."v/'()\\l. \“
H H H H

Hydrogen bonding in ethanol

Hydrogen bonding in w
Since water

ater
can form two hydrogen bonds per molecule while ethanol can form only one hydrogen bond
per molecule, therefore the extent of H-bonding 1

! ‘ ) v water is more than-in aleohol, That's why H,0O has higher
boiling point (100°C) than boiling point of ethanol (78.5°C),

The two complex salts of Potassium-F

errocyanate and Potassium-Ferricyanate are soluble in water, how
~ Wwill you distinguish between them by their colour?
=

00 PPPO®PE®o -

—
e
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