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121 Introduction

known as carbonyl compounds.”
* Naturally occurring carbonyl oompounds are p

st

hmnaceuucals and fabncs

. Ca.rboxyhc acids oecurmdely throughouttbephnt and * These are the compounds w;th carbon-oxygcn doublt?

animal kingdoms. Acetic acid is the pnnuple ‘organic

constituent of vinegar; butyric.acid:is responsible for
the odour of rancid butter. Higher carboxylic acids
such as palmitic. aud, stearic acid and olcic au:d are the
components of ammal fa‘s ‘and plant oils.

12 2 Structure: -of Carbonyl Functional
Group
* ‘The C atom of carbionyl groiip i5°ip? hybridised and
. forms three o bonds and onc 7 bond with O atom.
» Carbonyl carbon and three atoms attached to it lie

in the same plane with bond angle of 120", trigonal !
coplanar structure and n-electron cloud lies above

and below of this plane.
sp2-hybridised
/,G zn'

ﬁb\Nudeophilk (Lewis base)
J
MElectrophilic (Lewis acid)
Cutnat o

I

i ® JThe carbonyl ;bond is stronges, shnrtf.-.r and

* Aldchydes' .and:- ketones - are mgank;mndg,i
containing a carbonyl group (> c_o) ]'lgﬂcg,ﬂmym

tln
nuclei¢ acids, carbohydrates and proteins in. plants and |
animals. They play an jmportant role in biochemical |
processes to sustain life. They add fragrance and flavour !
to the nature and are also components of several

pohmducompamdtothedouble bond in alkent
As oxygen is more clectroncgative than carbon, th :
daiyble bond of édrboryl groupiis polar arid shows dipdlg
moment=‘Polatization conm’butey;o the reactivi
aldehydes and Ketones. 4

R\ R
LC-O——-) c——o]

123 Aldehydes and Ketones

:-bond (3C=0) called carbony! group having gtnmf'
. formula C.H, 0. :

- -» . Aldechydes contain carbonyl group attached:4 ._4,5‘
‘either two H atoms or one' H atom and o

** ' C atom'of an alkyVaryl group. y
+ ;- In ketones, the carbonyl group is :ttachedtotwoc_-

- atoms of an alkyl/aryl group. o
— Simple or symmetrical ketones : The lr..tmes

in which both atkyl gréups attached to carbom{’
carbon are identical are called simple hetones. «

0 4
e-g-- C}I3—' C"CH; ,;‘
acetone : e

in which thct\malkyl psatu.chedm“-
carbonyl carbon are different are called mixed
ketones.

|
g CH-"—E-Csz -
Hh’lﬂlﬂ,hrlkq“ ’ o A LT
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231 meeﬂdﬂtl_mg’ kol » 'ﬂnlomﬁomofmhuhnanmdww
The mmm mtﬁmmwm letters, o o, ﬂﬂﬂﬂhﬁiﬂlmm
: ,hwding urbonutumnmto&vurbonylywp.uﬂiﬂm

ding —26facd “iw aldehyde. , |
> ’lhmhumnfﬂthe substituents in' the ut’bon

chain are indicateg by Greek legters 0, 6,7, e
The. common narhies of ketones are derived naming
- two alkyl or aryl Broups bonded to the carbonyl group.

!'“qilf ¥ A8,
-'IheIUPACmmesofopenchmlliphﬂ
lﬂcﬁ)duand'k:mnumdcﬁwglﬁpmth

namies of the corresponding alkanes by upa
ending - ‘e'w:th 'dand 'onc'mpewh

? -_'.‘1.. ,:;z‘a -uwp_u 1,;_ 1, :.: ey :""?'_;:l -
__ LCH;;—GHz-—CH-mo‘-w‘ Tl ‘;;».\'Iethylbutyx?ldehyde -Methylbiitanal
i ‘ yomi i Methyl z-propylketone Pentan-zi#ﬁaic 5
a1 Y R oo
| - - ; i e~ —r
| : : By
E {*_0-Bromoethyl a-propylketc
: CH;-—CH CO— CH;--CH:-—-CHa TS S .. :-!{ .3,:"‘- AR SRR
12 3.2 Methods of pl‘eplhtloh }re
: :onofllcohoh FOTTEIOE From alkynes (By hydration)
' ;OHHO‘-"——-—-’&HzO-I-"RGHbP; Y .H'so__"__)
K,Cry0, il 4 HgsO,, 333K ~ RCHO
CHOH + (0] 220+ 150, S A ~C=C—— or
y ¥ © T LBH.THE  peoR
" o3 e "W,0,/0
- : H10+R—C—R From aromatic hydrocarbons
From geminal dxhahdes (By llydrolysxs) H(OCrOHCLy); CHO
...... R\ Y ol £ .i' \
P‘/ .\ +1K08(q,) wr R'ﬁc\o
: (Beard reaction)
.:, 0% CH(OCO(.H,);
.- A " mamg
m calcium salts ofm;qu (pg,m +(CHyC0)0 —o—
WPY”‘!"M:HM—-.- Noz H,O
| . A
RCOO0),Ca m-—) RCOR+CICO3 Aldehydes 4-Nitrotoluene |
(where R =H; cn,,c,u, ) -1 and |
Catalytic dchydmgtnalion ofllmlldl - _ : ' ;
Sp futureexplosion.com
RCH,0H —;ﬁ—» RCHO + H 1‘_ . G NO,
BCHOH —Ss R.CO+HyTanh o Iy CH, HOY HO
_‘ am N, @)
s Tolene  Bemsalehloride  Bensablehyde
" i, ‘ (Commercial method)
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Aldehydes, Ketones & acids _
Reductive ozonolysis of alkencs cocl F I
CHQ, o) H,; o5
. RCH=CHR+0,-‘{§%—)RI I R Pd—BaS0, _ +HO ’-.‘
| ) Benzoyl chloride Benzaldchyde i
2RCHO + Zn@ <10 | . Gatterman-Koch fonnyhtloncﬂo i
Reduction of nitriles - "z
(i) DIBAL-H 3 CO, HCI
ry —> —————— M
::‘;1 :;0 ‘s Ache _ @ Anhyd. AICl, CuCl i
i gX/dry ether A ! Benzaldehyde “4
RC=N > ’ ¥ | Benzene :
() Hy0* RCOR iUl | Friedel—Crafts acylation 3
(i) SnCl; + HCI R - - COR :
0" e RCI:&CI - ‘ :
e rCOCI ,
(Stephen reaction) - @ Anhyd. AIC), i
From esters '
3 DDA From Grignard reazent and Cadmium chloride
(i) DIBAL-H 8 Age +
RCOOR—————3 pcHO y, - Dry ether '
{il) H0 : 2RMgX + CdCl; ——> R,Cd + 2Mg(X)Cl
o] |_R,Cd + 2R°COCI —> 2RCOR’ + CdCl, s
. . i
e R W : L
 $llnalratinn: Compound (4), C,HO; has the following | | 12.3.3Physical properties ¥
propertics : . - .:.. i * Physical state : Lower members of aldehydes and |
| (a) It reacts with sodium bicagbonate to liberate CO,. i ketones (upto Cyp) are colourless volatile liquids ekcept
| (b) On fusion with alkali it !“,u propasc. fonnaldehydc which is gas at ordinzry tcmpcmun_.‘
;(C) With Cl(@H): it gives C |H14@4C a which on . » Hi-‘hﬂ' members of ald:hyd:s and ketones ;rl:
| heating decompases to di-iso-propyl ketone, solids with fruity odour. ,
| 1dentify the compound (). . P o» bL:wu aldell:zllrs ‘have unpleasant (pungent) dljur
] ) ) : t as mol ar ‘mass increases odour becoriies
l S‘oln..- (a) Sinee (A) reacts with NaHC@, to libecate less pungent and more fragrant. Ketones posséss
i CQ;, it must contain 2 - COOH group. Therefore (4) | pleasant smell, -
Ishouldhe:C,H,G@OH. o Boili . - ; 3
| . i otling points : ‘The boiling points of aldehydes aid
: (b) With soda lime () gives propane : ; L‘:::pﬂ::‘;: I:L[il:::l than hydrocarbons und cthers of
: NOHIC:O i M :
| C:Hr‘(-:-oooﬂ > CHy+ NayCO, | > 1:1: d::t to weak molecular association in aldehydés
Thus, (4) could be : intemcti:::.s ey ol e d:pole-dipol}:
| CHyCH,CH,COOH or CH;—CH COOH, both these i » Also, their boiling points are lower than thoséol;
| ‘ CIIH, alcohols of similar malecular masses due to absence
! luhgh; propane on decarboxylation. i o\f:;:ter:_iolcv:lia;'hyd:gen bo:.dinf-. ":
() The ealcium salt CygH,,0,Ca on heating gives | /C=0-2C=0 """>C=0------ {
!_ o4 ""'I::Hd ketone - ' i Intermelecular dipo]e-dipok interactions |;
A e CHy CH i » Among isomeric aldehydes and ketones, ketona
|' CgH, ‘@‘ﬁ%’ - :CHCOCH: 3 .' ! have slightly higher boiling points due toos
! S % — :H_,, [ presence of two electron releusjng alkyl M

! ‘ : which make carbonyl group more polar.
, The structure of ketong ghove «@afirms that (4) is | ; * Solubility: Lower members of aldehydes and ketones
b # :

‘ « G like formaldehyde, acetaldchyde and acetone (upny
- %@ » ) pto
Fz methylpropanoic acid , ) _J | CJ are soluble in water in all proportions due w
s C"___ R . | l‘l-bond'mg between polar carbony

1 group and water,

K - .__-_...H.“..-l.. » N ~ A e ]
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molecular weight.

ketones duc to lasger benzene ring.
4 Reactions of aldehydes and ketones

‘sddition reactions,

[ o
SC=0re—s >0

electronic reasons.

= Sterically, the presence of two relatively large

aldehydes having enly one sach substituent.

ketones because two alkyl groups reduce the

elecuophilicity of the carbonyl more effectively

in ketones.
Aromatic aldchydes arc less reactive than aliphatic
aldehydes in nucleophilic addition reactions due to
electron donating resonance effeet of aromatic ring
which makes carbonyl carbon less electrophilic.
HCHO » RCHO > PRCHO > RCOR > RCOPH

» PhCOPY

However, sqlubility decreases with increase in
Aromatic aldehydes and ketones are much less
soluble than corresponding aliphatic aldchydes and

~ All carbonyl compounds are fairly soluble in organic
solvents like alcohol, cther, benzene, chloroform etc.

wlarity of carbonyl CC=0) group : Aldehydes
M ketones undergo nucleophilic addition reactions |

P e Mdiﬁunofmmnniamdiudeﬁnﬁvu:Forrmlclchyde
contrast to alkenes which undergo clectrophilic

Aeidity of o-hydrogen atoms : The acidity of
w-hydrogen atoms of carbonyl compounds is due to |
the strong electron withdrawing effect of the carbonyl :

p and resonance stabilisation of the conjugate ;

o]
o1 ((I-') | 1 llq
-C—C— —> ["'C'{E‘_ H—C:c—] CH: ?HZ CHz
H B futureexplosion.com ,N\C '
Nucleophilic Addition Reactions N/CH1 QI
+ Relative reactivities of aldehydes and ketones : \CH
' 2

Aldehydes are generally more reactive than ketones -

in nucleophilic addition reactions due to steric anid * Acetaldchyde dissolved in ether reacts with ammeonia

substituents in ketones hinders the approach
of nucleophile to carboryl carbon than in

~  Electronically, aldehydes arc more reactive than

@— o ° -
ROH  _OR ROH /OR
dry HQ 7 C\OH dry HO! ,C\OR

oy Hemiacetal Acetal
2

GH,0H o-(':H,
PTS. A @) —Cl'lz
Cyclic Ketal

N
IC\

reacts with excess of ammonia to give hexamethylene
tetramine known as Uretropine. Urotropine is used as
internal urinary antiseptic and against rheumatism and
gout. It is also used in the production of plastics and
drugs. When nitrated, it gives a high explosive known
as cyclonite.

-

6HCHO + 4NH, —> (CH,),N, + 6H,0

Hexamethylene tetramine has a cage like structure with
three six membered rings, each in chair conformation.

\

gas to form solid iee'ulﬁqd:’ammain. Itloses a water
molecule to give an imine which further, rrimerises 1o
give a heterocyclic compound. '

H H
| Ly “H:O
CH;—C=0 + NH, —> CHy—C-OH H
NH,
C\l:l; Aldehyde ammonia
NH CH—CH; € [CH,—CH=N
NCH-NH” 3+ I, -Ci=NH)
v Aldimine
CH,
Cyclic wimer
i) NH.
R
Diiedd YT :
et 3N Z+ Hy0
(ii) A .
* Hmihe derivative

) MHT CET 7 JEE/ NEFET Notes
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Aldehydes, Ketones & acids

Z = Alkyl, Aryl, — OH, —NH,, — NHC¢Hs
NG,

~NH—)-NO, : ~NHCONH,

2C=0+H,N—R 5> SC=N—R + H;,0
Primary  Substituted imines

H.
~, H ..-.N‘H-—C‘Hs
JC=0+HN I

C—N—NH-QHs

- .

me-l |

2, 4-Dinitrophenylhydrazine

o o

through magenta coloured solution of p-rosaaniline |

hydrochloride.

Aldehyde id,—fw!:“%';i) Magenta colour is restored
Ketone

Schiff reagent .
{Colowlest) Remain colourless
Reduction of ketones by magnesium :
G 7
CH I c=0
+ Mg
CHy— ¢=0
CH,
Acetone

Benzenc CH;—C-0 N
—_ I
cu,—‘l:—o’

CH,
Complex

.
CH,—C—OH

3 l Dil. HCl
CH;— liJ—OH

CH,
Pinacol (3* diol, gycol)
(2.3- Dimethylbutane-2,3-diol)
It is « bimolecular reduction.

Mg —

MgCl, +

amines (Schiff’s buse) 01N
i LT—— +
JC=0+ H;N—0H > Sc=N—0H + H,0 ,C=N—NH NO’ "“
Hydruxylamine Oximes z.4-9mmphmﬁhydﬂm
>C=0 + H;N—NH; > Sc=N—NH, + 1,0 | SC=0 + H;N—NHCONH;—
Hydrazine Hydrazone i Sﬂlhrlundc g
=N—NHCONH, + ;¢
* Oxidation and reduction reactions : ’ Semicarbazone . .
Oxidation Reduction
futureexplosion.com ‘::"‘“;

RCOOH ¢t A o R :

"orKMnOyH'or OH| PR [UAMyerNaBlly N 3

or dil. HNQ; or CrO, .l;";q=°. R S

CoO- zlagnn,;,rou' OH™ 5 ) Za-Hg/HCl r

S'flm nln::zlttgl Tollen's reagent R'=H o Clemmensen reduction \ 4

RCOO™+ Cugol «—2odusor | |nylgroup RO T2 -

red ppt e whutlar " | NH,-NH,KOH/ / -

Fehling's solution test cthylene glycol ;

(only aliphatic aldehydes) Walff— Kishner reduction s

® Schiff reagent i ® Haloform reaction : ¢
A colourless solution obtained by passing SO, gas ;

o ‘!"_ e — e ————— T 1 R R e R

Given by methyl ketones and acctaldehyde.
2NaOH +1, —> Nal + NaOl + H,0

RCOCH, + 3NaOI —» RCOONa + CH,d + zmeH
ledoform 4

(yellowppr)

> Haloforn test is also given by alcohols contafp
CH;CHOH= group which can be casily oxig

to methylketone group e.g., ethanol, propany
butan-2-ol,

Reactions involving a-hydrogen atom :
» Aldol cofidensation :

dil. NaOH ¥

o« f i
2R-CH;~C— H-—-—)R—CH,—EH—(t.H-C |

Aldol
£ 9 |
R-CHy-CH=C~C-H ]

apUnsturated aldehyde 1

» Crossed aldol condensation : Aldol conde "
is carried out berween two different cad
compounds.
= Ifboth the carbonyl compounds contain ot-h

atoms, it gives 2 mixture of four products.

[ e ————

(5
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., Ketones & acids

s 2%

CH,CHO

cn,cﬂ,cm
> CH,—CH=CH—CHO 5

~>CH,CH,—CH=C—CHO i i i

CH,
~>CH,—CH —?—CHO a 5

CH, %
L> CH,CH,—CH= cu—cne]! E

* Cannizzaro reaction

1.Na0
2 A

and reduction (disproportionation) to give a mixture of
alcohol and salt of carboxylic acid.

: Aldehydes which do net i
contain any o:-hydrogen atom undergo sclf oxidation :

12.3.5 Uses

o Formaldehyde is used as a disinfectant and as
preservative for biological specimens,
» It is used for silvering mirrors.

¢ Acctone is the most important commercial solvent.

» * Itisalso used in manufacture of explesives, lacquers,
paint removers, plastics, drugs, perfumes, adhesives
and disinfectants.

¢ Benzaldehyde is used in perfumery and in dye industry.
12.3.6 Distinction

i o Distinction between aldehydes and ketones

' HCHO + HCHO =™, CH . OH + HCOONa |
Formaldehyd Methanol - Sodium |
_ T formate | |§ veagent .« | Pink colour : 7. [N e
* Caoseed Cannizzaro “'gﬁ""' ‘ | | Fehling’s solution | Red precipitate [ No precipitate
i C‘Hs—C—H o H—C—H ””KOH Tollex's :eagl.-.m{h i l}%p{pﬂpﬂﬂ: No b!a.d}ppt.
i i — ver or silver |or silver mifror”
! HCOO& + C¢HsCH,OH & i
' Potassium formate  Benzyl alcohol i ‘ ) -
! Isobutyraldehyde undergoes Cannizzaro reaction even | ,'2,4-.Ijx.lﬂtr_opl_1c_nyl " Orange-yellaw |Orange-
though it contains a «-hydrogen atom. L i s ofmdwell : yellow or red
¢ Electrophilic Substitution Reaction w Gl : | s miond
. G crymlsw:th crystals with
» Aromatic aldchydes and ketones undergo | f«. ;i oy i
o Ae; T dele gl : :meltihgpomts mglting points
electrophilic substitution at the ring in which the | [« a0y G h . (S
carbonyl group acts as a deactivating and meta = g siemd aracteristic B b i
directing group. e Y of individual | of Ind]
QN (o Feotolaldehydes, |ketones.
O_CHO HNOHO,, CHO Sodium hydroxide |Give brown - - - |No reaction
BN ' resinous mass *© |
amuldehyde m-Nitrobenzaldehyde 3 saiplh e (formaldehyde - e
Hmu!irtbemmpoundsd,&gnﬁmnﬂw g deinid acjdbesnotgive thisf v il -
o mns mmglmaqu;non A RERRCEIIN [77) RATTE NESRCN ERR
q,‘us—cuo +€H,—CH2—00—CH{'—’A  [Allaline sodium, _ |Adecp . [Red colour
' f ’ C*—'—. W’"B . (formaldehyde " | to orange.
T i oigesspotzespond | i
10 tot is test). '
ﬂbuhntmu Compound A, C4H,,0, forms a pl;l;}r
hydrazone, gives negative Tollens’ and iodoform tests
and is redueed to pentanc. Identify A. |
Seln.: Conclusion : i
1.Compound () forms a hydrazone henee it has 2
cacbony! group. l
2.1t docs not reduce Tollens' reagent, thcmﬁn it should
be a ketone. |
3.1t docs not give iodeform test hende ketone doed not |
have a methyl group. Lot |
P .  T—— i U B AL 2
(6) MHUHT CET " JEE/ NEET Notey
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CH;CI'{zcm li c I.c:d . 0 .
C&G"{JCH:QQOH ”'Bm scid
A n” r-l ¥ Imw;: acid
U CHy'" "“1' " |(a-Methyl-
CH3*“§3H:‘ COOH -« profibmc
e Sl
e iet T | CECECHGH,C00H r"m““
-t i+ A '.___ ',"2_ 12 o 'T.P‘ "r, eqapnit)on -':—.'.‘.14

124%‘”&!!" Acids . .no oo o %WJ :iﬂs = T Tovleric acid |

v Carbuxyhc acids are the com uqu \mth —Ct OOH . I&MQ‘PY'I‘-
group baviag general l‘mﬁ’ixhg 0‘”‘ _ ks ,,2@‘3’%0’“r butyric acid)

" They are-clagsified a5 mono; di, tri aid polycs quc-coon ' O#Jsc.fc?fi-. |
mslsdep,mdmgupm the uqmberq{'cq{bq:gl it s
presentmlmolcculc. - HOOC—CHZ—COOH 5 ‘Vlalonn': acid

- Carbuyncadds” e
¢ —* HQOC(C}QJCOOH Succinic acid
CH;—COOH w70 :
. E_OH ! HOOC(CHﬂaCOOH " Gaicacd
0 o JOOH B HOOC(CHnggg)“,. M@;g@ﬁ}::;,a
T @ oo RS th},—rl:ﬂ-coou | Eacticacid
. ﬁ V. .- “Id}'."l . Phiva
HO—C-C—OH . Bemvicacid i ) R ©) - B TR AP [T |
1 meocmongicacd) CH,=CH—COOH, | Amyiis ssd 7
CH;~C—OH * oo i 2 .
Ciric acid kg —: o
(Tricarbexylc scd) HOOC—CH—CH,CoOH|~ -

' Aliphatic monocuboxyhc acids ‘and aliphatic esters i T Malic acid
are functional isomers. Some higher aliphatic | TR
monocarboxylic acids (C,;—Cy,) are known as fmy ie Al i s
acids because they occur in natural fats as esters-of | . | Phthalic acid
glycerol. e.g. palmitic acid and stearic aud'are obtluned i Kt
on hydro]ys:s of fats, :

2:4.1 Nomenclature of acids e
The common names end with the suffix —'ir acid’ and N s‘htfhc wd
 have been derived from Latin or Greek tagies of their | . ;

"“natural sources. For example, formic acid' (HCOOH) ! .

wat first obtained from red ints (Latin: Sormica

I means ant), acetic acid (CH;COOH). from vmegar ‘ L

(Latin; Arctumy means vinegur). 5 "f':m“‘c acid ;

I In the TUPAC systera, aliphatic carboxy]jc mds are |
{' named by replacing the ending ‘e ¢ in the name of the i
corresponding alkane with'oic acid | 1242 Stmﬂure of ‘amx" group

* Incarboxylic acids, the carboxyl carbon s sp hybnduedg
and the bonds to the cacboxyl carbon lic in one plane !

and are cenararad by abose 1307

g™ -

(7 MHT ('ETz’JEk'f;\'F.‘ET;’\'arc.\'

» In numbering the wbpn cham, the ca:boxyhc
carbon is numbered one; !

- e

b ————




' hne carbexylic carbon is less electrophilic than carbonyl !
cirbon because of the pessible resonance structure. "

. (;6: + /QT 6:- J
C\ﬁ-—HH C%—HH - ‘}é—H

4.3 Methods of preparation

Oxidation, alk. KMnO,, H,0*
RCH,0H bt o
i : x,cz;c?‘4 dil. H;50,
RCH xiCehon >
) Aldehyde KyCry0; + dil. HyS0,
or Fehling's solution
or Tollen’s reagent

Primary alcohol and aldchyde give acids
ining the same number of C atams as alcohol or

dehyde.
Hydrolysis

Mineral acid
HCI, H,50,, etc.

Alkali HCl
Naoi > RCOONa ——>

or KOH
. RMgX
Grignard reagent

RCONH,
Alkyl amide
RCOC] == m::-lo'm,w
. Acylhalide %0 T el
H,0
(RCO),0 ———
Acid anhydride

H,O", A
Ester
RCH=CHR )
" s
Q’
rc=crd A

lhyl

Rociee

CO, (dry ice)

H;0'

—
A

Alkyne
CH,(CH,),CH, COOK
Alkaline KMnO,
R
: A
n-Bulyibenzene Potassium benzoate
ldil. HCl
I COOH
Benazoic acid
CH=CH, COOH
xuno.t:u. HiSO, +CO,
Phenylcthene Benzoic acid
@ KMnO,/dil. H,S0, COOH
A - COOH

Cyclohexene Adipic acid (Hexane- 1,6-dinic acid)

12.4.4 Physical properties
- » Physical state : The lower fatty acids upto C-

® QOdour: The first three members have a2 sharp pur

¢ Boiling points : Carboxylic acids are higher be

. Solubility : Simple aliphatic carboxylic acids hs

colourless liquids. The higher ones are colourless
solids.

odour. The middle ones, C-4 to C-9, have an odo
rancid butter. The higher members do not posscs
smell.

liquids than' aldehydes, ketones and even alcohe

comparable molecular masses due to more exte

association of their molecules through intermole

hydrogen bonding. The H-bonds are not br

completely even in the vapour phase.

. H-0O

r—cZ >C—R @imen
O—H:--ee o7

(in vapour state or in aprotic solvent)

upto four carbon atoms are miscible in water due t

formation of hydrogen bonds with water.

» The solubility decreases with increasing nu
of carbon atoms. Higher carboxylic acids
practically insoluble in water due to the incre
hydrophobic interaction of hydrocarbon part.

» Benzoic acid, the simplest aromatic carboxylic
is nearly insoluble in cold water.

»  Carboxylic acids are also soluble in less polar org
solvents like benzene, cther, alcohol, chloroform,

-y
-

|

(8)
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Aldelydes, Ketones & acids —
- = _
» Direct attachment of phenyl oc vinyl
o\\ H—~ mjmmmdmlﬁﬂqn{ -
r” o~ (\c acids. This is due to the greater electroncgativi
»H e =& ﬂmfhyhﬁdiudaxbommmmwhmhﬂw
e\c=o-—n’ e group is attached. The inductive effect of
v iy drogen bonding of ROOOH with 1,0) CF; > NO,>CN> F> Cl>Br> 1> CH;
incﬂl'llﬁ-MIoluﬂonofmﬂ acid in water, e ing in order of|
Phrs noctic scid s WM:«;«;J r. W;iﬁ.n‘: the follnmnf in !
mcmnp; . : ) .
43  of carboxylic acids () HCOOH,CICH,CO0H, CH,CO0H
* Acldic nature : Carboxylic acids are weaker acids thn i CH-COPOH
minenl acids, but they are stronger acids than alcohols | hii). SH,C%?H_,:(CH;);CHCO’H.( W) :
aud many simple phenols. iii) " (ICH,;000H,CH;CH,G00H,&CH,CH,000H,
0 ot n . g
R—-c?

i +H,0 &2 H,0*+

¢ Effectof substituents on acidic'strength :

the acidic strength,

= More the number of electron withdrawing
groups, more will be the acidic strenpth,

= More is the distance between the carboxyl
will be the acidic strength.
acidic strength.
given below with pX;, values.

(i) CCLCOOH » CHCI,COOH
Trichloroacetic acid  Dichloroacetic acid

N%NO ]

5ia
..-
Wie 5500

iﬁ??t;hh N, - OCH3
Nitroberoi ic acid
m- I..' Gu“ -‘ﬂmﬁk’?‘” m:-maa

|-, (CH},@HCOOH, CH,CO0H
[“%-*-* *-cé.?]an—q°}“ |
oJ

»  Presence of electron withdrawing groups, increases :

group and electron withdrawing group, lesser :
» Presence of electron releasing groups, decreases the |

» The example with order of decreasing acidity are :

Pk, 064 126
> CH,CICOOH » CH,COOH :
Chloroacetic acid Acetic acid
2.86 4.74
COOH COOH

| * Fischeresterification: A carboxylic aidis heated wih

T —

Soin:: (1) CH;EGOH <HCO®H < CICH,COOH .
(i) (CH,CCOOH ¢ (CHy,CHCOOH « CH,CO8H |
(i) (CH),CHCOOH ¢ CH,CH;COOH < CH,C00H |
© 7 % <CICH,CH,COOH < CICH,CO0H
$ltuataation : Formic acid is a stronger acid than acetic | |
acid. Explain, why? "~ LR

Sﬁ.: Aéeuc 'gi:id ;coritains a‘methyl group (which |
releases electrops duetq +J-effect) which increases the |
‘oncentrition of ncgative charge of acetate jon, making
it unstable hence there is slow Liberation of H* oritisa .
weaker acid. Oh the other hand in formic acid no such L
electron release occurs hence formate jon forms easily, ii

\M& Strongu ml. 2 .I""'.,f_,.‘. W

* Reactions involving cleavage of C—OH bond :

RCOOH/H", A a
[ jPo.i—> (RCO),0 %
o hCoKo %
o ~Ho——> RCOOR
R=C+OHJ e
— e, 5 RCOCI
T or SOC, in pyridine _’Add hlorid
NH,. A .
COOH cocl
O\
ON"NO, N o,
3, 5-Dinitrobenaoic acid 3, 5-Dinitrobenzoyl chioride

an alcohol in the presence of concentrated sulphuric 4
acid or dry hydrogen chloride, to give corresponding |

ester,
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» This reaction is reversible and accumulation of ;

water may reverse the reaction. ;
» Forward reaction is esterification and reversc

reaction is hydrolysis of ester. 5
.+ Ester formation may be favoured by using excess of
| alohol in presence of concentrated sulphuric acid.
| Concentrated sulphuric acid furnishes H' ions and
accelerates the esterification by removing water |
molecules formed. Thus, concentrated sulphuric :
acid acts as catalyst a5 well as dehydrating agent. :

I H'
2-C-OH+H—0-F =

Il
R—-C—O—R’ + H;0

Conc. H;50

Il
eg CHy—C—OH + H—0—C,H; K

Acetic acid Ethyl alcohol

I :
CHg—C'_ 0"'C2H5 + Hzo
Ethyl acetate

acyl substitution reaction of carboxylic acids.
» The presence of bulkier groups near the site of

follows :

Alcohols : CH;OH > 1° alcohols > 2° alcohols >

Carboxylic acids : HCOOH > CH;COOH »
' RCH,COOH > R,CHCOOH > R;CCOOH
I Reactions involving cleavage of O—H bond :

——> RCOONa + H,

[ MOH_, RCOONa + H,0

I | X4C0, 5 RCOONa +CO, + H,0
Na

L% 5 RCOONa + €O, + H,0

I —

. -Ringsnbsﬂtutioninmmaﬁcuids:—-COOH group

» Fischer esterification is acid catalyzed nuclcophxhc

reaction, whether in the alcohol or in the acid, slows |
down esterification. This is due to steric hindrance.

The order of reactivity in esterification is as :

, 3* alcohols 12.4.6 Uses of carboxylic acids

. - - . L] . . -
- @ Acetic acid is chief constituent of vinegar.

L Adipic acid is used in the preparation of nylon -6, 6.

K
Reaction invelving —C@O@H group:

RCH,OH

R0 $.51 1) 1,0* (Reduction)

(10 101 NaOHand €20

T Deaarberyiation)” RH + Na,CO,4

* Reaction involving 0-halogenation :

() X/Red P

—~——> R-CH-COOH
(i} H,0 1
(Hell-Volhard- X

Zchmhy reaclion) g.Hahﬂfbﬂl"lk acid

is deactivating and mefa dirccting.

COOH
-:CODH: Febrph Br
ke b m-Bromobenzoic acid
Conc. HNO,
A
m-Nitrobenzoic acid
Distinction

. Dutmctlon test between Phenol and Clrhoxﬁic acid
& Phal D ey 7R
‘%‘.«3 1“" mm‘ ”'“ "ﬁ.‘ i24

'NgHCO, test | No Ircactlon

y 4
o 7

FeClytest | Violet colour | Buff coloured ppt. J

* Formic acid is used in rubber, textile, dycing leather and
electroplating industries.

» Itisused as solvent.

: 8 Esters of benzoic acid are used in perfumery.

» Sedium benzoate is used as food preservative.

* Higher fatty acids are used for the manufacture of soaps

and detergents.

1
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