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Compounds of Carbon Containing Oxygen

29.1INTRODUCTION .. .. - ...

iy

In previous lessons you have learnt about a farge number of organic compounds such as
(i) hydrocarbons eg., alkanes, alkenes, alkynes and arenes (it) halogen containing
compounds e.g. haloalkanes and haloarenes. In this lesson you will learn about another
 class”of ‘brganic conpounds knowrt 88" *Okygen” containing compounds ‘e.g. alcohols,
phenols, aldehydes, ketones and carbogylic aetdé '+~

Preserice of okygen along with hydrogen and carbon make their properties very different
' froim those compotinds whick do not-have oxygen at all.The following table will give you
an idea of names, general formulae and functional groups of a few oxygen containing
compounds : s

S. No.. Name. - General formula - Functional group

1. Alcohols - ROH —QH
A - o " (hydroxyl group)
2. "Phémols " AOH - —OH
I o {phenolic group)
© 3. . Ethers ROR™ .- - —0—
s o ‘ J {ethereal group)
4. Aldehydes RCHO —CHO
B o " (aldehydic group)
5. Ketones RCOR’ - —C=0
' . ‘ : (ketonic group)
6. - Carboxylic acids’ RCOOH " " —COOH
' (Carboxylic group)
7.  Esters RCOOR’ —CO0—
' {ester group)
8. Carbohydrates : contain
aldehydic or
ketonic and

alcoholic group.
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29.2 OBJECTIVES

eAfter reading this lesson, you will be able to:
® recognize general formulae and functional groups in oxygen containing compounds.

® reproduce structural formula and write IUPAC & common names of oxygen containing
compounds.

e describe different methods of preparation of Alcohols, phenols, aldehydes, ketones and
carboxylic acids.

e list physical properties of alcohols, phenols, aldehydes, ketones and carboxylic acids.
describe chemical properties of’
-(a) Alcoholsand phenols. . s oo enin
(b} aldehydes and ketones.
{c) carbox'ylic acids.

e differentiate between different types of compounds with the help of chemical tests.

29.3 ALCOHOLS AND PHENOES ~ © ¢ © -

In this section you will study the Chemistry of organic compounds containing hydroxyl
group (—OH).

Alcohols are ahphauc compounds, which contain at Ieast one —OH group.
The general formula is ROH.

In phenols —OH group is attached dlrectly to an aromatic.ring. Their gcneral formula is
ArOH. Being the functional group, —OH determyines the properties of alcohols and
phenols,

29.3.1 Classification of Alcohols:

Alcohols are classified according to number of hydroxyl groﬁp- gifesent in a molecule.

Alcohols with one hydroxy! group are known as monohydric, alcohols, with two-OH group
dihydric alcohols and when they contain three —OH group they are known as trihydric
alcohols. When alcohols contain four or more hydroxyl groups, they are called polyhydric
alcohols. Few examples are as follows: '

CH, —CH, CH, --CH CI—I2
. CH; —OH I I P

OH OH OH OH OH
Monohydric Dihydric Trihydric
alcohol alcohol atcohol

Monohydric alcohols further can be classified as (i) primary° (ii) secondary 2%nd (iii)
tertiary 3° alcohols according to the kind of carbon atom that bears the hydroxyl group.
Examples of primary, secondary and tertiary alcohols are as follows:-

CH,CH,CH,CH,0H CH,
Primary alcohol 1>CHC!H !
- CH,C—CH,
Secondary alcohol | )
OH
Tertiary alcohol




Compounds of Carbon Containing Oxygen :

89

Classification of phemols: Phenols are also classified as monohydric, dibydric and trihydric
depending upon whether they contain one, two or three hydroxyl group.

[8) O
OH
1 O
|
OH
Monohydnc a]cohol . Dihydric alcohol Trihydric alcohol

29.3 2 Nomenclatare of ‘Alcohols

There are twp ways to name a monohydric alcohol.
{i) Common system
(i) TUPAC system.

(i} Common System: In this system alcohols are named as aikyl alcohols. As we go
higher up in the series, it becomes necessary Lo indicate whether a particular alcohol

is primary, secondary or tertiary. The prefix secondary is abbreviated as sec- and preﬁx
tertiary is abbreviated as rert-, for example:

C,H;OH CH,CH,CHOHCH;
Ethyl alcohol Sec - Butyl alcohol

(i} IUPAC System:- According to this system alcohols are named as atkanois. ending -

— of the parent alkane’s name is replaced by -ol (one word name). The position of

carbon atomn carrying hydroxyl group is specnﬁed by a numbes. The number is uttached
to the name of longest carbon chain. e.g.

Alkane Formula . Alcohol ‘ Formula
Butane C,Hyg Butan-2-ol CH,CH,CHOHCH,

covers a few more examples to expain the different systems of nomenctamre
Table 29.1

Formula Common Name e {UPAC Name
CH,OH . * Methyl alcohol Methanol
C,H;OH ~ Ethyl alcohol Ethanol
CH,CHOHCH, Sec-Propyl! alcohol Propan-2-ol
CH;CH,CH,CH,0H " n-Butyl aicohol Butan-i-ol
CH, , )

' I _ Tert-Pentyl alcohol 2-Methylbutan-20t

CH, —COH —CH, —CH, '

Nomenclature of phenols:-Phendis are usually ‘named by. the common system or as a
derivative of the parent phenol, C;H,OH e.g.:

d o Fd ©

Phenol O-Cresol _ Catechol Resorcinol Qumol
(2-Methyiphenol)
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29.3.3 General Methods of Preparations of Alcohols

Some of the important methods of preparing alcohols are as follows: 7
(i) Hydrolysis of haloalkanes: Hydrolysis of an alkyl halide with hot aqueous alkaline
solution produces an alcohol. Hydrolysis can also be carried out with moist Ag,O
CH,CH,Cl + NaOBH(aq.) — CH,CH,OH + NaCl
Ag,0 + H,0 —— AgOH ethanol
CH,CH,Cl + AgOH —— CH,CH,0OH + AgCl
ethanol

(ii) Hydration of alkene: The term hydration means addition of water molecule across a
double bond. When an akene is heated with concentrated H,SO, , an addition product,
alkyl hydrogen sulphate is obtained. This addition product on acid hydrolysis gives alcohol.

‘ N |

CH, =CH, + H,80, —— CH,CH,HSO, -L CH,CH,0H + H,S0,
‘ Ethanol

Sulphuric acid is used as a catalySt. This is also an industrial preparation of ethanol

(iii} From aldehydes and ketones: An aldehyde or a ketone can be converted into an
alcohol by one of the following methods:

(2) Reduction: Reduction of aldehydes and ketones is carried out by: (i) H, gas in
presence of Ni, Pt or Pd as a catalyst, (ii) Lithiom aluminum hydride, LiAIH,.-

Reactions are as follows:

Hz(g)+NUPtorPd '
CH,CHO . - CH,CH,OH
LiAlH, Ethanol
’ | |
CH,COC,H, —2 lgg’:gA" IEH"I 4, CH,CHOHC,H,
4 Butanol-2

(b) From Grignard reagent: When a Grignard reagent, RMgX, reacts with aldehydes
or Ketones in the presence of dry ether as a solvent, an addition product is obtained. This
addition product on hydrolysis produces an alcohol. The reactions are as follows:

On reaction with methanal, a primary alcohol is produced.

' +
HCHO + CH;MgBr——CH, —CH, — OMgBr—2%__,CH,CH,0H + MgBrOH
Ethanol
reaction with any other aldehyde, secondary alcohol is obtained. -
+ .
CH,CHO+CH,MgBr——CH, — CH —~0MgBr-—-]-I-"9—-—>CH3——C|I-!——OH+MgBrOH
|
CH, CH,
Propan-2-01

With a ketone, a tertiary alcohol is obtained:
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CH, CH,
- 1
CH,COCH, +CH,MgBr —CH, - C — OMgBr—"°"_,CH, — C — OH +MgBioK
| |

CH, CH,
2 —Methylpropan — 2 - 01
Manufacture of ethyl alcohol: On large scale, ethyl alcoho! can be made by fermentation
process. In fact, it is the oldest chemical process for the prepation of ethyl alcohol. The
process of breaking down large molecules into simpler ones due to action of enzymes is
called Fermentation. Yeast is the source of enzyme. Large molecules in this case are
carbohydrates such as sugars and starchy material.

(i} Fermentation of starch:

2(CeH,O5) +nH,0— 2B, 0 H,0, —MIse | oy o, Zymase |

Starch maltose
(i) Fermentation of sugars:

2C,H,0H + 2CO,

C,Hu0p + Hz()__h."m) CH,;04 + C;H,,0,

Sucrose Glucose Fructose

2C,HOH + 2C0,
Ethanol

General methods of preparation of phenol: Phenols are generally obtained by one of
the following two methods,

(i) From aryl halides: When chlorobenzene is heated with concentrated NaOH at 300°C
and 250 atm pressure, sodium phenoxide is obtained which, on hydrolysis with dil HCI
produces phenol. This process is known as Dow’s Process.

+ NaOH—3%¢_, _sHOL,
250 atm —NaC]

Phenol *
(i) From Hydrolysis of Diazonium Salt: When an aromatic diazonium salt is warmed
with water, phenol is given out. It is an easy method to prepare phenol.

OH
*NCI™ +H,0— @ +N, +HCI
|

_ Phenol
Details of diazonium salt are given in next lesson.

29.3.4 Physical Properties of Alcohols and Phenols
Physical properties of alcohols and phenols can be studied under the following headings.

Cl

State and smell: At room temperature the lower alcohols are liquids with characteristic
smell but higher members are colurless waxy solids. On the other hand, phenol is a
colourless crystalline solid, but on exposure to air and light, phenol undergoes aerial
oxidation to acquire pink colour.
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Solubility in water: Lower alcohols (upto 4-carbon atoms) are soluble in water, as they
are able to make hydrogen bonding with water molecules. But in higher alcohols, as the
size of the non polar alkyl group becomes bulkier, its affinity for the polar water molecules

- decreases, as a result the solubility decreases. Due to presence of bulkier non-polar aryl

group, phenol is only slightly scluble in water.

Boiling points: (i) Comparision of boiling paints of alcohol, alkyl halide and an alkane:
Boiling point of an alcohol is much higher than alkanes and alkyl halide with same number
of carbon atoms as shown in table 29.2

Table 29:2
compound CH, CH,CI CH,OH
b.p/K i1 249 . 3315

In alcohols, hydrogen is attached to highly electronegative oxygen atom, in turn this group
is able to make hydrogen bonds. Since more energy is needed to break mtcnnolecular
hydrogen bonding, the boiling point of an alcohol is much higher.

(it) Comparision of b.p. of isemeric alcohols:- In case of isomeric alcohols the boiling
point has the following order :

1°>2°53°

This can also be seen in the table 29.3

Table 29.3
Compounds  Butanol-1 - Butanol2  2-Methylpropanol
b.p/K 391 373 356

This can be explained as follows. As the branching increases from primary to tertiary
alcohols, the packing of molecules becomes ~ - compact. Hence the tendency to make
intermolecular hydrogen bonding decreases as a result the energy needed to break these
Jforces decreases.

29.3.5 Chemical Properties of Alcohols and Phenols .

Most of the chemical properties of alcohols and phenols are determined by the functional
group, —OH. However up to certain extent the nature of alkyl or aryl group does effect
the chemical properties. On the basis of structure, chemical properties can be divided into
following categories.

(1)  Reactions due to cleavage of oxygen-hydrogen bond (C — 0 — H)bond

. I
(i) Reactions due to cleavage of carbon-oxygen bond [_C -%- 00— H)

(iii) Reactions of alcohol molecule as whole

"~ {iv) Phenols do ubt undergo carbon-oxygen bond cleavage but instead readily undétg’o

electrophillic substitution reactions of benzene ring.
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(i) Reactions due to Cleavage of Oxygen — Hydrogen Bond
(—O—H cleavage):

Reaction with active metal: Alcohols and phenols both react readily with sodium metal
to liberate a colourless, odourless gas — hydrogen and corresponding salts, sodiumn alkoxide
and sodium phenoxide are formed. : -
2C,H,OH +2Na — 2C,H;ONa + H,

‘ Sodium ethoxide
OH :

2 , /\—om
5~ I\C)/ + H,

+2Na —

‘Sodiumphenoxide =~
These reactions with sodium metal (a strong base) suggest that alcohols and phenols are
acidic in nature. Hence it is necessary to see which one is relatively a stronger acid..

Comparision of acidic strength of alcohols and phenols: The stronger acidie character
of phenol can be appreciated by looking at the tests given in table 29.4

Table 29.4
Name of tests Phenol - "~ Alcohol .
. Reaction onmoistblue . : . +ve o .o-ve
litrhus paper. . turns blue litmus
paper-red.
Reaction with NaOH Phenol readily
: :dissolves e

The stronger acidic character of phenoi can also be apprecmted by Iookmg at their Ka

values. - _
. : o | © Ka values
" Methano! - B I 1) gl
Phenol . 1.3x 10710

After comparing the observations of the tests and Ka values, it is obvions that one would
like 1o know, why phenols are more acidic than alcohols. To understand this it is necessary
to know more about the structures of an alcohol and phenol moleculex and their respectivey
ions. -

Phenol is supposed to exist as resonance hybrid of the following resonance structure.

Resonance structure — 11, JIT and IV suggest that oxygen atom of —OH group acquires
+ve charge. This weakens the —OH bond which in turn releases the proton (H* ion). As
you can see that negative and positive charges develop on two d:fferent size sites and thus
energy is needed to keep them apart. As a result these structures are less stable.
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On ionization a phenol molecule gives phenoxide ion and a H* ion as foliows:

OFOW
OH o

Phenoxide ion is also a weconauce hybrid of the following resonance structures:

These structure show that there is only one kind of charge and that is -ve. Which is spread
through out the benzene ring and thereby effectively dispersed. Hence more stable, in turn
the affinity for proton decreases greatly.

But in case of alcohol molecule (ROH) due to +ve effect of alkyl group, the intensity of
-ve charge increases on oxygen atom of OH group. In tumn the release of H* ions becomes
difficult. An alcohol molecule on ionisation gives atkoxide ion and a H* ion.

ROH —— RO~ +H'

In case of RO - ion , no resonance is possible and negative charge is localized over OXygen
atom and hence affinity for H* ion increases considerably.

You have already learnt that monohydric alcohols, according to the natare of alkyl group
can be divided in 1°, 2° and 3° alcohols. It is interesting to see how the nature of an alkyl
group affects the acidity of an alcohol. So let us compare the acidic strength of primary,
secondary and tertiary alcohols. :

As we move from 1° to 2° to 3° alcohols, the number of alkyl groups attached to carbon
atom linked to -OH group increases. With increase in branching there is an increase in
+ve inductive effect which in turn increases the electron displacement towards the oxygen
atom as shown in the diagrams. Greater the -ve charge on the oxygen atom, more the
covalent pair of the hydroxyl bond driven towards the hydrogen atom consequently the
release of proton becomes difficult hence 3° alcohol is less acidic than 2° and 1° alcohol.

CH,
C
CH,>CH,> O >H CHHJ;CH-> O>H CH, »C3>0>H
k)

CH, .

(b) Reaction with carboxylic acid: A carboxylic acid is directly converted into an ester
when heated with an alcohol in the presence of a little amount of mineral acid, such as
conc. H,50, or dry HCI gas. This reaction is slow and reversible and known as
esterification.

CH,CH.OH +CH,COOH aﬁf—bWCH_‘CO-OC,Hq + H,0

Ethyl Ethanoate
H,S0, / HCl(g)

{c) Reaction with alkyl halide: When an alkyl halide is allowed to react with sodium

alkoxide or sodium phenoxide, an ether is obtained. This is known as Williamson’s
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synthesis.
C,H,ONa + CH,Cl > C,H,0CH, + NaCl
ONa Methoxyethan OCH,
+ CH,Cl —— + NaCl
7 Methoxybenzene

(ii) Reactions involving cleavage of C—~OH bond: In a number of reactions, alcohols
undergo C—OH bond cleavage. However phenols do not undergo this cleavage easily.
Due to resonance (refer to resonance structures of of phenol) carbon -oxygen bond acquires
a double bond character. This makes the bond very strong. More energy is needed to
break this bond, which is not available during a chemical reaction under ordinary
conditions. Some of the reactions are as follows:

(a) Preparation of alkyl halide:

Reaction with halogen acid: Alcohols react with hydrogen halides to form haloalkanes
and water. The reaction is carried out either by passing the dry hydrogen halide gas into
alcohol or by heating the alcohol with conc, aqueous acid. The order of reactivity of
hydrogen halide is HI > HBr > HCI. Being unstable HBr and HI are prepared in situ
(during the reaction) by the action of concentrated H SO, on Na Er and Nal respectively.
Anhydrous ZnCl, is used as a catalyst for the reaction of conc. HCI with-alcohol.

C,H.OH + HCI a 5 CHC + HO
Anh}'ﬁZnﬂ')
C,H,0H + HBr ——2 5 C;H Br + H,0
‘ (NaBr +H4504)
CHOH + H — B, ¢,H + H,0

(Nal+cong,-H2 504
Reaction with Phosphorous halides: Alcohols on reaction with phosphorous halides such
as PX, and PCl , gives comesponding haloalkanes.

C,HsOH + PCly —— C,HCI + POCl, + HCI

3C2H50H + PX3 —_— CzHSX + H3P03
(X=Cl, Br,I)
PBr, and P1 , are unstable, hence prepared in situ as follows:

P + 3X, —--- 2PX,
(X=Br,I)
Reaction with thionyl chloride, SOCI,: Oﬁ heating with SOCI, alcohols produce
corresponding alkyl chlorides in the presence of pyridine.
C,HOH + SOCl, — C,HCl +80, T + HCI T
- Chloroethane

This method is considered as the best method to prepare alkyl halide, because both side
products being gases escape and leave behind pure chioroalkane.
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(iii) Reactions involving the alcohol molecule as a whole: When vapours of alcohols
are passed over copper at 300°C following reactions take place.

Primary alcohot is dehydrogenated to an aldehjtde

CH,CH.OH %2 CHs%E?n&Hz

Secondary alcohol is dehydrogenated to a ketone

CH,CHOHCH, —9%¢%» CH,COCH, +H,0

Propanone
A tertiary alcohol is dehydrated to an alkene:
C}I'h Ca Cﬁlz
CH; —C—OH 300°C CH,—C + H,0
I 573K |
CH, (573K) CH,

2 — Methylpropene

(iv) Ring substitution reactions of phenols: Phenols readily undergo electrophilic
substitution in the benzene ring to form ortho—and para—substitution or trisubstitured
products depending on the conditions. In an electrophilic substitution, a reaction is initiated
by the attack of an electrophile and a stronger electrophile replaces a weaker electroplhile.
Since an electrophite will attack an electron rich site, it is quite obvious it will attack readily
on ortho- and para- positions, rich in electron ( refer to resonance structures of phenol).

(a) Halogenation: Bromination of phenol gives different producis depending on reaction
conditions. With bromine water a tri-substituted product is obtained but with solution of
bromine in less polar CS,, reaction can be limited to monobromination.

OH

OH | OH OH

Br Br _ Br
3B, Water ~ Br,inCS, + +
-3HBr ‘ I ‘

l :

Br. . _ Br
2,4,6,-tribromophenol ' ortho and para-bromophenol

White ppt ' |

Para-products are generally more stable because there is less of repulsion between the
substituent group and less of steric hindrance.

(b) Nitration: Nitration of phenol with dilute nitric acid gives a mixture of 2-nitrophenol
and 4-nitrophenol. But on treatment with nitric acid (a mixture of conc. H S0+ conc.
HNO,) at 50°C on long standing, a tribubslituted product 2,4,6-trinitrophenol, a yellow
crystalline solid also known as picric acid, is obtained. R

OH OH OH ' OH
O.N NO
NOI Cone. H180 dilHNO 3 2 + /l\\
+ core HNO
]
i . l .
2,4,6-Trinitrophenol 2-and 4-Nitrophenol

Yellow crystalline solid (picric acid)
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Picric acid is a highly explosive chemical.

(c) Riemer Tie Mann Reaction: This reaction is carried out by refluxing an alkaline
solution of phenol with chloroform at 400 K and then acidifying the residual mixture with
dilate hydrochloric acid gives salicylaldehyde (an ortho product).

OH
,CHO
@ +NaOH @ +CHCI @ HCl(dxl) @
~H,0 —NaCl
Salicylaldehyde

If CCl, is used in place of CHCl,, then salicylic acid is obtained
ONa

COOH OOH
__+NaOH | _+CCL A~ \dnl)HCl
“ho 0 400K U 7

Salicylic acid

(d) Kolbe’s Synthesis: When CO, gas is passed through alkaline solution of phenc! at
400°K and 4 to 7 atm pressure, sodium salicylate is obtained, which on reaction with dilute
"HCl gives saticylic acid (2-Hydroxybenzoic acid).

OH
=+ (o) , I HCl COOH
+Na(}H 4 to 7atm d|
_H ,0 400K NaCl
' . Salicyisc ac1d

p-Hydroxybenzoic acid is obtained as an impurity.

(e¢) Coupling reactien: When alkaline solution of phenol is added slowly to
phenyldiazonium chloride solution below 5°C (278K) coupling takes place and a dyc, p-
hydroxyazobenzene, orange m colour, is obtained.

OIiIa

- +CIN; —(O ) T=2B8K T<278K {O>—N=N-—<O)—OH + NaCl
p — Hydroxyazobenzene
Orange ppt ' ’

29.3.6 Test to Distinguish Different Types of Alcohols

There are some chemical properties which- can be used to distinguish between different
types of alcohols, because they behave differently towards these reagents. . —

Test to distinguish primary, secondary and tertiary alcohol: Lucas reagent (a mixture of
conc. HCI + aniiyd .”_',:'C.z, can be used to distinguish between primary, secondary and
temary alcohol. ‘The test is known as LUCAS TEST. Reitr to table 29.5




98 :: Chemistry

Table 29.5

Pn‘éﬁary Secondary : : Tertiary
Alcohol Alcohol Alcohol
RCH,OH R,CHOH ‘ R;,COH
A JLucas reagent A | Lucas reagent A Lucas reagent
No reaction R,CHCI + H,0 R,CClI+H,0
No wrbidity appears (Turbidity at)pears) (Turbidity appears)
after 5 mins immediately

Turbidity is due to formation of insoluble aikyl halide.

Test to distinguish phenol-and alcohol: Phenols and alcohols can be distinguished by
carrying out the tests given in table 29.6

Table 29.6
Name of tests Phenol Alcohol
(1)  Litmus paper test Turns blue litmus No Action
' paper red
(2) Esterification —ve +ve
(3) Bromine water +ve —ve
(4)  Coupling reaction +ve ~ +ve
INTEXT QUESTION 29.1 _
1. Classify the following compounds as monochydric, dihydri@, trihydric alcohols or
phenols. '
OH " OH CH,0H
OH OC,H, cH, CH, —CH, —CH — CH,
C,H, — CHOH O . OH
CH,
(a) (b) (© (d) (e)

2. Name the enzymes which are used to convert (i) starch to Vmaitose (ii) glﬁcose to
ethanol. . :

3. Boiling points of chloroethane and ethanol are 285K and 35 1X respectively. Name
the intermolecular forces which are justified by these boiling points,

.........................................................................................................................................

........................................................................................................................................
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5. Three different botiles contain the following hydroxy compounds., (i) butanol-1, (ii)
tertiary buatyl alcohol and (iif) phenol. IF the bottles were unlabelled, what chemlcal
tests woukl you carry out to find out the identities of these compounds.
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29.4 CARBONYL, COMPOUND

Carbonyl compounds are those compounds which contain carbonyl group (C=0) as
functional group. They are classified as aidehydes and ketones. This group has
characieristic properties which are shown by both the classes.

294.1 Classification

The carbonyl compounds may be aliphatic or aromatic according as carbonyl group is
attached to an alkyl group or an aryl group. Tn z!dehydes, the carbon of the carbonyf
group is essentially bonded to one hydrogen atom, —CHO group so formed is called
aldehydic group. In ketones, carbonyl group is called ketonic group.

The general formulae are :

o 0
R—CHO Ar—CHO Il i
Aliphatic Aromatc R—C—R Ar—C—CH;,
Aldehvde  Aldehyde Aliphatic Aromatic
Y Ketone Ketone

The attachment of H-atom to the carbonyl group in an aldehyde gives aldehydes certain
properties which ketones do not posses and which enable the two classes of compounds
to be distinguished from one another.

I both the groups in a ketone are the same then the ketone is known a symmehiéal or
simple ketone but if the iwo alkyl groups are different then the ketone is known as
unsymmetrical or mixed, for example :

CH,COCH, - CH,COC,H,
Symmetnc or s:mple unsymmetrical or mixed
ketonc ' ketone

294.2 Numenclature

There are two systems to name carbonyl compounds.
(i} Common System
(it} ILTPAC System

Nomenclature of aldehydes:

Common System: The common or trivial name of an aldehyde is derived from the name '

of the corresponding carboxylic acid by replacing —ic acid by word aldehyde. Itis a one
word name A few examples are:

Formula of acid Common name Formula of Common name
of acid aldehyde of aldehyde
HCOOH - Formic acid HCHO Formaldehyde

@‘coon Benzoic Acid ' @CHQ Benzaldehyde
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IUPAC Name: According to this system IUPAC name of aldehyde is obtained by replacing
ending-—e of the name of corresponding alkane (same number of carbon atoms) by—al
TUPAC name is also a one word name. Few examples are:

Formula of IUPAC Name Formula of IUPAC Name
alkane/arene of alkane aldehyde of aldehyde
CH, Methane i HCHO _ Methanal
CH, Ethane CH,CHO  Ethanal

Nomenclatare of ketones:

Common system: According to this system, the two alkyl groups attached to a ketonic
group are named in alphabetical order followed by the word ‘ketone’. If the two alkyl
groups are the same, then the prefix *di’ is used before the name of alkyl group.

For example:
Formula: Common name:
CH,COCH, | Di methyl ketone
CH,CH,CH,COCH, Methyt propyl ketone

The simple ketone di-methy] ketone is popularly known as Acetone.

IUPAC Name: IUPAC name of a ketone is obtained by replacing -e of the name of
corresponding alkane with suffix -one. The ch2ain is then numbered to give the carbonyl
carbon the lowest possible number. This number is then used to designate the posmon of
carbonyl group. It is a one word name.

Few examples are as follows:

Formula of Name of Formaula of Name of
alkane : alkane ketone ketone
CH,CH,CH, Propane - CH;COCH, - - . propanone
CH,CH,CH,C,H,  Pentane CH,CH,CH,COCH, = Pentan-2-one"

29.4.3 General Methods of Preparations of Adehydes and Ketones:

‘Some of the common methods of preparations of aldehydes and ketones are as-follows:

(i) By oxidation of alcohols: Aldehydes and ketones are obtained by oxidation of primary
and secondary alcohols respectively. Some of the common oxidizing agents are acidified
K,Cr,O, or alkaline KMnO,.

acidified K,,Cr,O
i-2-7 sCH,CHO
or alkaline KMn(),  Ethanal

CH,CH,0H

CH,
dified K,Cr,0,
>CHOH ,_‘;‘P.'__...____.z.__z.._,>c =0
¢, or alkaline KMnO H,

Propanone

A difficulty arises in this preparation of aldehyde, because aldehydes easily oxidize further

“to corresponding acids, if allowed to remain in reaction mixture. In order to prevent this

happening, aldehydes are distilled off as soon as they are formed. This is based on the
principle that the boiling point of aldehydes is lower than the corresponding alcohol.
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(i) Reduction of Acid chloride: This method is only applicable to prepare aldehydes.
‘When an acid chloride is reduced with hydrogen in boiling xylene using palladium, Pd
supported on BaSO), as a catalyst. This reaction is known as Rosemmund’s reduction.

Pd/BaSO, | -y . cHO+HCL

CH,COCE + H, -
3 - Boiling Xylene Eihanal

| COCIL + H, —
~ Boiling Xylene

6\\ Pd/BaSO, @‘CHO + HCI

Benzaldehyde
Aldehydes thus obtained readily reduce to alcohol under given conditions. A small amount

of sulphur is added to catalyst as prevent reduction of atdehyde 1o alcohol.

29.4.4 Physical Properties:

Due to presence of polar carbonyl group aldehydes and ketones are polar in nature. Polar
carbonyl group effects the physical properties considerably.

. Colour & state: Methanal and propanone are colourless liquids, however benzaldehyde
is slightly yellow in colour. They all have a characteristic smell.

Solubility: Lower aldehydes and ketones, containing up to four carbon atoms are soluble
in water. This is due to hydrogen bonding between oxygen of polar carbonyl group and
hydrogen of water molecules as shown below.

But as the size of nén—po!ar alkyl group increases, the affinity of aldéh-ydes and ketones
for polar water molecules decreases, thus solubility decreases.

29.4.5 Chemical Properties of Carbonyl Compounds:

In carbony] compounds, the carbonyl group is polarised due to the higher electronegativity

of oxygen relative to carbon. Thus the electrons between carbon and oxygen are more
towards oxygen atom, hence increase the reactivity of carbonyl group. However the
presence of H-atom on the carbony] group of aldehydes makes them slightly more reactive
than the ketones. At the same time the presence of H-atom is responsible for many reactions
in which aldeydes differ from ketones.

Reactions of cabony! compounds can be divided into the fullo;\#ing: categories:-

(1} Reactions due to carbonyl group
(i) Oxidation reactions
(i1t} Reactions with alkali

Reactions of carbonyl group: These reactions can be subdivided into:
(a) Nucleophilic addition reactions
{b) Nucleophilic addition elimination reactions

Nucleophilic addition reactions: An addition reaction initiated by a nucleophile is called
nucleophilic addition reaction. This can be easily understood by addition of HCN across
double bond of carbonyl group. Both aldehyde and ketones add a molecuie of HCN 1o
form corresponding cyanohydrins. Hydrogen cyanide is produced in the reaction mixture
by the action of dilute acid on potassium or sodium cyanide. The reaction proceeds by




102 :: Chemistry

attack of nucleophile, CN-
KCN + HCt —— KCl + HCN
O

0 | | o
CH—C—H , CH—C—H—CH—C—H
|
O N o

Addition of Grignard reagent: Grignard Reagent adds to an aldehyde or a ketone to give
an alcohol (details of this reaction can be seen under section preparation of alcohols).

29.4.6 Nucleophilic Addition Elimination Reaction:

This reaction is alsoc known as condensation reaction in terms of elimination of a water
molecule.

Aldedydes and ketones react with compounds which contain -NH, group with the
elimination of water. This reaction can be easily understood by studymg a reaction with
hydroxyamine, NH,OH. Aldehydes and ketones make correspondng oximes.

CH; —~CH=0 + NH,O0H——CH,CH=N —OH+H,0
Ethanaloxime -

v

Propanone on reaction with hydroxylamine, gives propanone oxime.

(CH,),CO + NH,0H-——(CH,),C=NOH + H,0
Propanoneox:me

Oxidation reaction of aldehydes: Aldehydes are easily oxidized to carboxylic acid
containing same number of carbon atom. On the other hand, oxidation of ketones require
the breaking of carbon-carbon bond, thus they are difficult to oxidize.

‘Common oxidizing agents are (a) alkaline KMnO, (b) acidified K,Cr,0, (c) Tollen’s
reagent (d) Fehlings solution and (¢) sodium hypochlonde NaCl0 solution.

Ozxidation with alkalilne KMnO, or acidified K,Cr,0,: These osidising agents readily
oxidise an aldehyde to an acid with the same number of carbon atom.

acidified K,Cr,0,

CH,CHO—3cafine K n

CH,COOH

Oxidation with Tollens’ Reagent: Tollens’ reagent is a solution of silver nitrate in an

. . . : . +.
excess of aqueous solution of ammonia, which contains the complex ion [Ag[NH3 ) ] is

reduced by an aldehyde to silver, which deposits on the inner walls.of the test tube as an
easily recognized gilder mirror. The reaction is as follows:"

RCHO + [Ag(NHJ)zr +30H™ — RCOO™ +H,0+ 2Ag+4NH,
Being a weak oxidising agent, Tollens” Reagent is not abie to oxidise a ketone.
Oxidation with Fehling’s solution: Fehling’s solution which is made by mixing a solution
of copper (I} sulphate, CuSO, with an alkaline solution of sodium salt of tartaric acid and

. which contains a deep blue complex copper (II) ion, is reduced by an aldehyde to copper _
(I) oxide, Cu,0, deposits as red ppt.
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RCHO + Cn*" +50H ——RCCO™ + 3H,0 + Cu,0

Copper
(Doxide
Red ppt

Fehlng’s solution is a weaker oxidizing agent hence it is only able to oxidize allphatlc
aldehyde but not aromatic aldehydes and ketones.

Oxidation with a mixture of halogen and NaOH: The reaction is only applicable to
those carbonyl compounds which contain CH,CO —group. On heating with a mixture

of halogen and NaOH, these compounds are able to produce haloform (CHX;). The
reaction is also known as a haloform test.

For example on heating a carbonyl compound with a mixture of 1, + NaOH, a yellow
crystalline solid of iodoform CHI,, with characteristic smell is obta:ned

2NaOH +1, —2Nal + NalO + H,0

+NaOH

(CH,), —C=0+3Nal0——Cl, -—C = 0—"2" ,CHI, + CH, + CH;COONa
| lodoform
CH, Yellow crysialtine sclid

Reactions with alkaline solution:

Reactions with dilute alkaline solution : Aldehydes and ketones which possess at least
one hydrogen atom on the carbon atom adajacent 10 the carbonyl group (—CH—CO—)

undergo condensation reactions in the presence of a base to form hydroxyaldehyde and
hydroxy ketone respectively. The aldol thus obtained on warming gives out a water
molecule and an unsaturated aldehyde.

The reaction is known as aldol condensation.

CH, —C=0+CH,; —C=0——CH,— " CH, —CHO——CH, —CH = CH-CHO+H,0

H H 0H.,
Reaction with concentrated alkaline solution: Aldehydes which do not contain hydmgcn
atom on the carbon atom adjacent to the carbonyl group do not undergo condensation
reaction, as shown above, but instead with conc, alkali such as NaOH, they undergo self
oxidation and reduction, that is, one half of the quantity undergoes oxidation to sodium
salt of acid and the other half undergoes reduction to corresponding alcohol. The reaction
is also know as Cannizaro’s Reaction.

2HCHO + NaOH —— CH,0H +HCDONa

CHO '
2 NaQH— CH,OH+ COONa

29.4.7 Test to Distinguish Aliphatic Aldehyde, Aromatic Aldehydes
and Ketones :

The table 29.7 will give you an idea that how some of the properties can be used to
distinguish different functional groups.
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Table: 29.7

Name of the test Aliphatic Aromatic Ketones
Aldehvdes Aldehvdes

Tollen*s” reagent +ve +ve -Ve

Fehling's test +ve +ve ' —ve

Haloform test applicable to —ve appiicable to
only ethanal methyl ketones

INTEXT QUESTION 29.2

1 Categorise the following compounds
(1) as an aldehyde or a ketone

(1) as an aliphatic or aromatic compound.

...................................................................................................................................

() CH,CH,CH,COCH,
(d) CH; —CH, —CH, —CHO
2. Name the products which are obtained:
(a) on heating propanol-2 with alkaline KMnO,

P L T T T T T T L TP P T P P T P P TP P PRI TY

(b) on passing H, gas through benzoyl chloride in the presence of a catalyst Pd
supported on BaSQ, in boiling xylene as a solvent.

.................................................................................................................................

3. (a) Name the forces which are respoasible for the higher boiling point of aldehydes
than corresponding alkanes.

.................................................................................................................................

B L T T T B T T T P PP T

4. Write the structural formuale and IUPAC names of compounds containing cabonyl
group and having a molecular formula, CyH,O. Name the tests which can be used
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to distinguish them. )

........................................................................................................................................

29.5 CARBOXYLIC ACID

Carboxyﬁc acrdsare those organic compounds which contain carboxylic group (—COOQOH)
as a functional group. Carboxylic acid may be aliphatic or aromatic according to whether
the —COOH group is attached to an alkyl group or an aryl group. General formulae
RCOOH ' ‘ ArCOOH
Aliphatic carboxylic acid Aromatic carboxylic acid
29.5.1 Classification:
Carboxylic acids can be further classified as mono. di and tri according to the number of

carboxylic groups present

) OOH  CH/---- e CH e CH
HCOOH g 2 T
Mono carboxylic acid OOH COOH COOH COOH

: : Di carboxylic acid  Tri carboxylic acid

In this unit we wili discuss the chemistry of 'o‘nly aliphatic monocarboxylic acids,

29.5.2 Nomenclature :

There are two different systems to name a carboxylic acid.
(i) Common system
(ii) IUPAC system

(i) Common System: The simple carboxylic acids are better known by their common
names. The common names are usually derived from the Latin or Greek word, Which
indicates the original source of the acid. The common name of an acid ends into -ic acid.
For example :

In Latin formica means ant, hence acid present in ants is known as formic acid, HCOOH.
In Latin acetum: means vinegar. The acid present in vinegar is called acetic acid. Butyric
acid gives a typical smel of rancid butter,

{ii) TUPAC System : According to this system the name of an acid is obtained by replacing
the ending -e of the narie of the corresponding alkane by -oic acid. The tongest chain
carrying the carboxyl group is considered the parent chain. Carbon of carbonyl gronp is
always considered as number C-1.

For example: _
 Alkane | Acid
CH,, . CH,CH,CH,COOH
butane - butanoit acid;

The common names and IUPAC names of first four members are given in table 29.8
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Table: 29.8 7 .
Formulae : N Common Name TUPAC Name
HCOOH Formic acid _ . Methanoic acid
CH,COOH Aceticacid - [ “‘Filisnoicacid
CHCOOH _Propionic acid - Propanoic acid

3I-I.,COOH_ o ‘ Bu_txriq aci:d:_ L Butanmc ncld o

29.5.3 General Methods of Preparatmn
Few common, methnds of preparation of carboxylic aclds are as follows

(a) From oxidation of primary alcohols and aldehydes: Oxidation of primary alcohol
and aldehydes with acidified potassium dichromate or alkaline Mﬂ‘awﬁs mnespoﬁ’dmg—
carboxylic acid. S : . :

acidified K,Cr,0,

CH,CH,0H——— L
alkaline KMnO,

(b) From hydrolysis of alkyl nitriles:  Hydrolysis of alkyl nitriles with boiling mineral
acid or boiling alkali yields corresponding carboxylic acid:
CH,CONH, + H,0 — CH,COONH, _

—%CHscmNa +H,0 + NH;

CH,COO!
NH‘\ —x—>CH,COOH + NH,Cl

(¢} Fram Grignad reagent: By the reaction between a Gngnard reagent and caibon
dioxide in ¢thereal solution, an addition product is obtained, which on acid hydrolyms
pmduces an acid :

RMgX + CO ~—-—-§RC0—-OMgX-—-~1—-—-)RCOOH 4 MgXOH
- Carboxylic acid ..

(d) Commercial synthesis of Vinegar: Vinegar is produced by fermentation of sugars and
starches. An intermediate in this fermentation is-ethyl-alcohol. When fertented miutlnn
is exposed to aif, the alcohol is converted into vinegar (acetic acxd)

a0
Sugar or Starches fermentation , CH3CH20H fermen_mlon » CH; — (LE____ OH.
ethylalcohol 0, Vinegar (aceticacid)
29.5.4 Physical properties

State and smell: ‘The lower members are liquids with pungent smell, while higher members

_are colourless, odourless waxy solids.

As it is expected from the structure, the carboxylic acid molecules are polar like alcohols
and are able to make hydrogen bonding with each other.
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Carboxyhc acids are soluble in water because they are able to make hydrogen bmdmg
with water molecules. This trend is shown by the first four members. But as the size of
atkyl group increases the affinity of acid molecule for water molecules decreases, thus
solubility decreases.

s T H—O—H
CH; —C_ - -
i N0 —H—— e O—H
) H—O—H H

Boiling point: Due to intermolecular hydrogen bonding, two molecules of carboxylic acids
are able to make a dimer as shown below:

To break these bonds more cnergy is required, which is reflected by higher bmlmg pomt'
of carboxyhc acids than those of the alkanes and alcohols of conparable masses as shown

in the table 29.9

Table 29.9 _ '
Formula CH,, CH,CHC!  CH,CH,0H CH,COOH
b.p/K 268 285 37 ' 391

- 293.5 Chemical Prnpertles

A molecule of carboxylic acid except methanmc acid is made up of two pans an alkyl
_ group and carboxylic gronp. Chemlcal properties of carboxyllc acid can be studied under
the following headings:

(i) Reactions due to H-atom of carboxylic group - . .

(i) Reactions due to -OH group of carboxylic group

(iit) Reactons due to -COOH group as a whole.

(i) Reactions due to H-atom of earboxylic group: Carboxylic acids are most acidic
organic compounds. In agueous medium a carboxylic acid molecule ionizes to give
caboxylate ion and H* ion. The release of H* ion indicates the acidic namire of carboxylic

acid molecule. An equilibrium is established between unionised acid molecule and ionised
carboxylate ion as follow:- .

RCOCH + H,0=RCOO" + H,0*
At equilibrium the concentration of the components are related by the expression:

_ [RCOO‘] [H*]
The equilibrium constant Ka, is called ac:dnty or dlssoctatlon constant, stronger acids will

have higher numerical value or acidity constant. Ka values for few acids are given in
table 29.10
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Table: 29.10 |
CActds ' ‘ " ' Ka Values
Methanoic acid 17.7 x 1075
Ethanoic acid 1.75 % 1075
Propanoic acid 1.36 x 105
Chloroethanoic acid 136 x 10°

More over the the carboxylate ion thus formed is a hybrid of two resonance structures and
can be represented as follows:

p-gorg]  read
Resonance stmcture Resonancehybrid
The resonance hybrid has more stability than the carboxylic acid molecule, This facilitates
release of H+ ions.
Reactmns w:th Na, NaOH and NaHCO, also suppons acxdlc character of caﬂ)oxyhc acids.

2RCOOH + 2Na ——» 2RCOONa + H,
RCOOH + NaOH — RCOONa + H,0
RCOOH + NaHCO, -— RCOONa + CO, + H,O

However the acidic character of a carboxyhc acid moleculeidoes got.effeticd by the preseice -
ofa subst:ment on the carbon atom ad]acent to carboxyhc group. There are two such effects,

(i) Effect of electron donating substituent .
(ii) Effect of electron withdrawing substituent

(i) Effect of electron donating substituent: This effect can be readily understood by

taking the examples of methanoic acid and ethanoic acid. Methyl group in ethanoic acid

has an electron donating effect (+I effect) which in tum increases the -ve charge over the

carboxylate ion, thus release of proton becomes. difficult.. This effect can be spen in the .
diagram given below:

H->g C“3—<O
Ougy | ->~—H

As the length of the alkyl group increases, positive inductive effect increases, in tom acidic
character decreases. This fact is supported by Ka values of a few acids, as given in the
table : .

(iiy Effect of electron withdrawing sebstitwent : This effect can be understood by
companng the structures of ethano:c acid and chlomacetlc actd

CH,->—(O Cl«CH, _“go

The chlorine atom (in general halogen atoms) has electron withdrawing effect (+I), which
in turn decreases the negative charge over carboxylate ion and stabilises it. Thus loss of
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‘proton becomes relatively easy.  Chloroethanoic acid is about 100 times stronger than
ethanoic acid. Ka values can be seen from the table.

Reactions due to -OH group of carboxylic group: (i) Formation of ester: (reaction
with alcohol) (Refer to section-29.3.5, chemical pr_oper;ie{, of alcohol)

(ii} Formation of an amide (reaction with ammonia) : On passing ammonia gas through
an acid, ammonium salt is obtained, which on heating decomposes to produce an amide.

CH,COOH + NH,—— CH,COONH, —* CH,CONH, + H,0

 (isn) Formation of an acid chleride: Carboxylic acjds react with thionyl chloride, SOCL,
phosphorous pentachloride or phosphorous tnc:h!unde to form acid chloride, RCOCI

CH;COOH + SOCI, —— CH,COCI + SO, + Cl,
CH,€00H + PCl; ——3 CH,COCI + ‘POCI, + HC!

CH,COOH + PCl; — 3CH,COCl + H,PO,

The reaction with S0OCl, is considered to be a better method because two side productsr
being gases, escape leaving behind a pure main product, acid chloride.

Reactions due to -COOH group: There are some chemical properties of carboxyl:c acids
which are only characteristic of -COOH group.

(i) Decarboxylation : The process of elimination of CO,from a carboxylic acid molecule
is known as decarboxylation. Annhydrous sodium sait of carboxylic acid on heating with
- soda lime(NaOH + CaO in a ratio of 3:1) liberates an alkane. ‘

CH COONa + NaOH—-—->CH + Na,CO

(i) Reduction: When reduction of carboxyHé adid is camied out'with EiAl ” théy ate
rx:duced to an alcohol w1th the same number of carbon atom. T

CH3COOH—E-’.‘—““—+CH‘_;CH20H

INTEXT QUESTIONS 29.3
1. Consider the following acids : ?H?CQOH () CH,(CH,),COOH
'CH,COOH
COOH
COOH _(d) —~COOH

O

(a) Which one isfare dicarboxylic acids ?

.........................................................................................................................................

(b} Which one is/are aroms;tic acid/s 7

(c)} Which one is the pentanoic acid ?

........................................................................................................................................




N0 :: Chemistry

2.

(a) Which type of bonding is responsible for higher bo:lmg pomt of carboxyllic
acid ?

(b) Arrange the following acids in their increasing order of solubility in water.

O0H
C,H,COOH, CH,COOH,

.....................................................................................

(a) How many carbon atoms will be ptesent in carboxylic acid obtained froim Gngnard
reagent, propy! magnesium bromide, and CO,.

B L T L T T PP PP T P P P

.................................................................................................

carried out 7

............................................................................................

alcohol

----------------------------------------------

L e B o O A T T S AN R RS LB AR LSy B kb T e A N R EE R AT Nm S NS E AN T ARANEREE T

29.6 WHAT YOU HAVE LEARNT

The oxygen containing carbon compounds can be classified into alcohols, phenols,
aldehydes, ketones and carboxylic acids.

The oxygen containing carbon compounds can be named according to common system
and IUPAC system.

Alcohols can be prepared from alkyl halides, by hydro!ys:s of alkcns, by mduction of
aldehydes and ketones and by using Grignard reagents.

Phenols can be prepared from aryl halide and diazoium salts. |

Aldehydes and ketones can be prepared by oxidation of alcohols and by reduction of
acid chlorides.

Carboxylic acids can be prepared by oxidation of alcohols and aldehydes and by
hydortysis.

The polarity of the functional group and hydrogen bonding in the molecules effects
the solubility of alcohols, aldehydes ketones and carboxylic acids in water and their
boiling points,

The Lucas test can be msed to distinguish primary. secondary and tertiary alcohols.

Bromine water test. litmus paper test and NaOH test are used to distinguish alcohols
and phenols.

Haloform test is used to distinguish aliphatic aldehydes aromatic aldehydes and ketones
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A1

”‘T'TEMNAE:EXERCISE"!w e g
1. (a) Write the [UPAC names of followmgcompgunds:" e T
CH

A 3. 2 PREIVE

0} CHCH2~— CH— CHZ—C HO

D T T Y T T L PR PR T I}

Cl

B T T T T T P P PP LTI TS
B T T T T T T T T T T T T T RSP T P T TSPV TP T

D T T T LY LT T T TR P TR P T P

2. Write a complete and balanced equation for the following reactions.

. (2) Aqueous NaOH.is poured over 2-chloropropane,.

L T T e LT P R P PP PP T I L Y
R T T R T T P P P TP

R L T T T T T T P LT T Y Y

3. Identlify the products A, B and C in the following reacitons. -

(@ CH,OH—HChAnhyd ZaCl, _, CH.ONa o~

sesevrensssbuesens s carain CH » arepa g akrn darnen srsueen
IR b *? et h B S e i

B Conc.HZSO‘,

>»C

. Ao sl
M orme

alkaline KMnO,

(c) CH,CH,OH

....................................................................................................

) CH,CHO—2OH ‘NaOH(Ca0) " Cli/hu

------------------------------------------------------------------------------------------------

4, What happens when ® -
(8) A mixture of glacial acetic acid and ethanol is heated in the presence of conc.
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(b) Ammonia gas is bubbled throught methanoic. acid and the addition product thus
obtained heated strongly ?

B P drrrerrerTrerIEsaREuT RIS

--------------------------------------------------------------------------------------------------------------------------------

5. How will you convert :
(a) Ethanal to 2-Methylpropanol-2.

...............................

...........

.....................

.........................................................

6. Give Reasons:

(@) To liberate hydrogen gas from a tertiary alcohol, a more reactive metal such as
© potassium is needed,

................................................................................................

................................................................................................................................

T e e e E L D A R A Tl e mr e a rE B R R s b baa b H A m s s o N b arbnd et an sonnsas oottt orirrnne v

..........................................................................................................................................

CHECK YOUR ANSWERS

INTEXT QUESTIONS 29.1

1. Monohydric afcohols — ¢, d Dihydric alcohol — none: Trihydric alcohol — none
Phenols — a,b.

2, (i) Diastase (ii) Zymase.

- ‘3. In chloroethane — Van der Waals forces, in ehtanol—Hydrogen bonding.

4. Two tests are (i) blue litmus paper test (ii) solubility in NaOH.

5. Primary alcohol — Lucas test —ve, Tertiary alkcohol — Lucas test —+ve, Phenol —
Bromine water test —ve
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INTEXT QUESTIONS 29.2

I
{ii)
2. (a)
3. (a)
(b}

4. (i)
(i1)

Aldehydes — (a) & (d), ketones — (b) ande.” R
Aliphatic —(b),(c} & (d), Aromatic — (a)

Propanone (b) benzaldehyde. . . FR
d1pole-d1pole mteractlon between carbony| compounds moleculc,

Oxygen atom of carbonyl group is able to make hydrogen bondmg w:th hydmgen
of water molecules.

Structural formula: {a) CH; CH CHO . (b) CH COCH
IUPAC Nare : (a) Propanal (b) Propancne

(iii) Totlens’ reagent test or Fehhng so!utton test, both are +ve for propanal Iodofonn

test, only +ve for propanone.

INTEXT QUESTIONS 29.3

16
2.(a)
(b)
3@
4. {a)

(@) & (d), (iD) () &7 (d), (iii) (b)

Intermolecular hydrogen bondmg betweencarboxyhc acid nmlecules
Benzoic acid < butanoic acid < ethanoic acid.

4, (b) Sodium ethanoate and ammonia. , '

Heat in the presence of CaO along with NaOH. (b) ethyl methanoate (c) propanay]
chloride.

TERMINAL EXERCISE

1. (a)

(b)

2. (a)

(b)

{c)

3. (a)

() 3-methylpentanal (iiY  3-chiorobutanol

OH
. CH 1CH2CH2C(OH )CH a .
M ! ) ~cH,
. cH, | CH,
OH
(iii)
NO

CH,CHCICH, + (aq)NaOH— CH,CHOHCH, +NaCl _

CH ,CH,COCH, CH ; ——CH ,CH,CHOHCH,CH,_

" OH Br
+ 3Br, —Br OH
. —Br

A:CH,Cl; B:CH,OC,H,,

Compounds of Carbon Contaising Oxyge :
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(b A: CHSCHgBr; B: CH,CH,0H; C: CH; =G~ -7 Ry Ly

¢} A:CH,COOH, B: CH,COC} -
(&) A:CH,COONa; B:CH,: C:CH,CI -
(a) An ester ethyl ethanoate is obtained as follows;

CH,COOH +czn on_.Cone gfﬁ,;

—:CH,CO oc H,—C,HSOH |

(h) On passing NH‘(g)through methanoic acid, a satt ammonium methanoate is
obtained, which on heating: gives methanmmnide,

HCOOH + NH  (g)-—~HCOONH , —%->HCONH; + H;0

" (€Y "When acetone is heated with hydroxylamine, acetong oxime is obtained.

(CH3)2c0+anoH-——>(CH3)2c__-.:JN_ol_‘4;+;;;g e

(&) Aldo! condensution takes place. An addmcm product is ohtamed whnch on heaimg
prodnces.m unsaturated aldehyde. .

1

CH.CHO +CH,CHO—9—}I—a->CHs§CHOHCH3CHOa—9——) CH,CH=CHCHO.

(iYCH MgBr

(iH,0 acidified A
a) CH.CHO ; »CH,CHOH
‘J) H } - P : H 3 OHCH . chrzoif

CH,COCH, ‘i’CH3MSBru_> (CH_,)_,COH-C'H_;
N o
(inH,0

| /OQ OH O
’ /\'_Cl. NaH e /\ Jit H¥oy

o 1O sTAK. S0mm | Ol #iOl
N NZENG

NO,

(€) CHCOCI-E4 4 O CHO — - »CH,COOH ~ -

alkaling KMt}

6. (a) Dueto strong +| effect on ~OH group, release-of H* iovi as H, becomes difficult,

hence to facillitate this, a very reuctive metal such as potassium is needed.

(b) - In tertiary alcohol. because it contams maximum number of ajkyl group. Alkyl
group shows +vel effect.

(c) Being a weak oxidising agent, Tollens Reagent is unable to oxidise an alcoholic
grovp.
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(d) Presence of flourine atom (with —ve I effect) on carbon atom adjacent to - .
carboxylic group decreases the -ve charge over the carboxylate ion, in turn
stabilises it and hence the release of H* ions become easier.

INzOH + I, ——— Nal + NalO + H,0
Cl, —CO—CH, + NaOH——— CH}; + CH,COONa

an,
e
TS
¥
o
o

...
ade

R
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