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scanned, a large number of questions CO:;nt in the Compouﬂ

(i) Which group/groups can be Pre> 0 |
(z1) What environments are irlﬂuencmgn t'he o mpound?
(iii) What type is the carbon skeleton ! hat type Of
(iv) Is the compound aromatic? ‘If. s0, W '
Some of the important families giving €
on them are discussed below:

the environmenty] effy,

Hydrocarbons dn
These compounds are made up of carbon_ and y
and unsaturated aliphatics; cyclics or aromatics.

drogen only. Hydrocarbons may be Salury,

Alkanes and alkyl residues . H deformation absorptions ,
The alkane residues are detected from C—H stretching ‘and C—';‘ n is litle effected by Chen;iAi
C—H does not take part in hydrogen bonding, its absorption positio residue, CH abse U
environments. Since most of the organic compounds POSSESS alkanes H st ’ tehin: 2h rptllm
bands in a spectrum are of little diagnostic value. Commonly two C—H stre & absorpy

. ical vibratioyy ~ V
bands appear just below 3000 cm™; one for symmetrical and the other for asymmetrical vibratioy

frequencies. The group of bands corresponding to C—H def. is characteristic of alkyl grow
provided it is not under some electrical influence.
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Infra-req spectrum of Dodecane

Courtesy: Sadtle
Sy I Research |
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A = 2962 cm'; C—H Str
B 2872 cm 7, C—H Sir in CHy
C = 165cm’iCon, x
D 1450 cm ', C- H def in CH,
E = 772em’, CH, (Rocking) .

= 2941 cem ' Cohy Str.
= 2880 cm ' C—H Sir. in meth
1450 em™'; C—H def,
= 1372 em™; C—H def. ip CH,

yl/mc[hy]enc

o0 w»
Il



NFRARED SPECTROSCOPY .
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Infra-red spectrum of 3-methyl pentane.

The various C—H bending vibrations in alkanes appear in the region 1485-1340 cm .

Vibrational absorptions for C—H bonds are much different from (C—C bonds due to the large mass
differences. C—C linkages are less characteristic and appear as weak bands in the region
1300-800 cm . Spectra of isoalkanes differ from those of n-alkanes in the region 1500-700 cm .

In gem dimethyl [—C(CH,),], a doublet appears at about 1380 cm . An absorption band in
the range of 1395-1385 cm’ appears for —C(CH,), group. For aldehydes (—CHO), two weak
C—H str* absorptions appear between 2900-2820 cm ' and 2775 — 2700 cm .
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Infra-red spectrum of 2, 4-dimethyl pentane.

Courtesy: Sadtler Research Laboratories, Philadalphia.

= 2962 (:m'*1 C—H str
_ 2872 cm ' C—H str in CHy, CH,
1465 cm ' C—H def
_ 1375 cm | C—H def (gem dimethyl)
For molecules containing —OCH,, -N(CH,), O—CH,—O etc., C—H str absorption appears
below 3000 cm .
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1R5() (m, §)

| 1960-21
o 485-1340 (W)
‘: T S /‘/H str :‘ | 2n0-800 (w)
| C—H L | 1300-800 (1
; (‘/HV de | 1485-1440 (m)
| C—C c—C ;trf / 1470-1430 (m)
—CH,— C/E d:f ;J 1380 (m)
—CH, g’H def ‘ double
em dimethy :
5-1385 (m)
—C(CH,), .
Tert. Butyl
AlNsrg pand appears in the region 31 _010-3000 o’
an _C str near 1625 cm .

In alkenes (olefines), C—H str absorptiop b ows C
Conjugation of double bond with an aromatic ring s 0
E—-
RONS 9 10 12 15
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Fig. 3.24. Infra-red spectrum of 1-Decene.
Courtesy. Sadtler Research Laboratories, i’hiladal hi
Positions of some characteristic absorptions P
. _ -1
(i) A = 3049 cm C—H str in olefing
B = 2960 — 2_51350 C—H str in CH,, CH,
C = 1645 cm C=C str
_ -
D = 986 cm C—H def out of pl
E = 720 cm™ pane
- cm Methylene rocking

For trans alkenes, C—H def comes aroy
» ~ nd 970 Cmq
¢ | . ) and f . '
appears at about 700 cm™ (not much identified). Thig helps in di(;zi;he F(})]nespondlng cis isomer, I
8Uishing cis and trans alkenes

Conjugated dienes which form a symmetrica]
- molecyle .
band near 1600 L= - o as butad
one ban g 160 crz' ( Cstrgtchlng)_ Similar abgy " lene (CszcH“CH=CH ) shows
symmetry as 1, 5 Pentadiene appear in the region 165 16(r)% o ;for molecules with t 2 tre of
= cm™ ithout cen

—=(C=C shows strong absorpt; .
as C PHon band around 2009. 99, ey ulative double bonds suc!

\C_—_- C< , absorption is Raman active dye ¢, molecy] Or a Symmetrical alken®
Ctry.

d
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Infra-red spectrum of Cyclohexene.
A = 3033 cm’ =C—H str
B = 2940 cm’’ C—H str in CH,
C = 1640 cm” C=C str
D = 1435cm’ C—H def in CH,
E = 721 em’”! C—H def. (cis isomer).
Table T3-—2. Alkenes
r—, :
Alkenes >c:c— 5 sir 3100-3000 (m)
3090-3075 (m)
Monosubstituted C—H str 3040-3010 (m)
C—H def 700 (s)
915-905 (s)
Disubstituted (Trans) C—H str 3040-3010 (m)
C—H def 970-960 (s)
C=C str ~1675 (m)
Disubstituted (cis) C—H str 3040-3010 (m)
C—H def ~700 (s)
C=C str ~1660 (m)
Trisubstituted C—H str 3040-3010 (m)
C—H def 850-790 (s)
C=C str ~1670 (m)
Tetra substituted C=C str ~1670 (m)
Disubstituted (gem) C—H str 3095-3075 (m)
C—H def 895-875 (s)
Non jugated di é—‘( N AT o
conjugated dienc C_.E .s‘tr 1650-1600 (v)
s e ~1600 (w)

Conjugated diene

~1650 (w)
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C—H stretching appe
, tylenes, & g,
O-substltuted acgeydisti“guwh?d from the hydmg@
ow and Canion c—H bending for acety]eneSa
ame reglot:
h?lS

Ievna
Alkynes

t ab
_~_H str appears 2
In acetylenes, a strong band for G
C=C str occurs at about 2200 cm . For mon
about 3300 ¢m™". This band is strong an.d ngrr
bonded O—H and N__H stretching oceurring if tm
mono-substituted acetylenes occur at 650-610 em -

P
WAVELENGTH INM:SCRO"JS7 g 9 10 12 1 2 uy
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W25 3 4 5
Z
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=
(2}
Z
§ C
[ =
% CH,~(CH,);CH, - C=CH .
=
z
5] A B
m &
&1 4000 3500 3000 2500 2000 1800 160(31 1400 1200 1000 800 600 400 200
WAVE NUMBER IN (cm ) ————»
Infra-red spectrum of 1-Hexyne.
Courtesy: Sadtler Research Laboratories, Philadalphia.
A = 3268 cm’ =C—H str
B = 2940-2860 C—H str in CH,, CH,
C = 2110 cm” C=C str
D = 1247 ¢cm™ =C—H def (overtone)
E = 630 cm” =C—H def (Fundamental)

P Cycloalkanes

In cycloalkanes, the value of C—H strincreases with the increasing angle of strain in the rine.
The asymmetric CH, stretching vibrations for cyclopropane g between 3100 2919 ¢m™! and [h;[
for cyclohexane is 2950 ¢cm ' With increasing strain in the ring, C—g b - - ) an ol
increase. For example, C—H bending in cyclopentane g 4 1455 ¢! 2 s chiaas

is at 1442 cm 35 em™ while that in cyclohexanc
Table T,—3,
T Cree f

| Alkyne  C=c H str —_——

; CH def = 3300 ()
Monosubstituted C—H def 650-61¢ (%)

| Ce=C gy 650-610 (s)

v Disubstituted C=C gy 3'4()‘2”)() (m)
Allene C=C=C C=C str 2260-2200 (yy)
Cvcloalkane 'y " 2000-19

ycloalkanes H sty 00 (m)
’f‘m“# 3 l()()-?()z()

: , # (m

Its value changes with the change in (p angle of Sy )

cyclo-propane occurs at a higher "M the ring . C

ave nuy ’T as
hber g Compareq 10 thyt

H st absorption for
N cyclohexane.



. . o » WAVELENGTH IN MICRONS
3 4 5 6 7 8 g 10 12 14

PERCENTAGE TRANSMITTANCE

4000 3500 3000 2500 2000 1800 1600 1400 1200 1000 800 667
—  » WAVE NUMBERIN cm™

Infra-red spectrum of cyclohexane.

Such a spectrum (cyclohexane) is important as a finger print and can be used |

comparison.
Aromatic Hydrocarbons

In aromatic hydrocarbons, a variable C—H stretching absorption occurs in the regi
3050-3000 em '; C=C str at 1650-1450 em ' and C—H def vibrations at 900-700 cm . F
aromatic compounds, the most characteristic C=C stretching bands are at 1600 cm—l, 1580 cm
1500 cm ' and 1450 cm | (m). If there is no absorption in this region, it is @ fair proof that t
compound is not aromatic. Monosubstituted benzene can be easily recognised by bands
710-690 cm ! (s) and at 770-730 cm | (9). Metasubstituted benzene usually shows two ban
(i) 710-690 cm | (m) and (if) 800-750 cm ' (m). Ortho and para substituted benzenes show o1
band each at 770-735 cm ' (v s) and at 840-800 cm | (m) respectively.

* 1 pf - iﬁy

|
Aromatic Ar—H str 3050-3000 (v)
hydrocarbons C=C str ~1600 (v)
| ~1580 (v)
| ~1500 (m)
~1450 (m)
, C—H def 900-700 (m)
Monosubstituted C—H def (i) 710-690 (s)
| (i) 770-730 (s)
Disubstituted (meta) C—H def (1) 710-690 (m)
(i7) 8OO-750 (m)
| Disubstituted (ortho) | C—C def 770-735 (v, )
lL Disubstituted (para) C—H def 840-800 (m)
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f Benzene.

infra-red spectrum 0

. .h are most characteristic
trum which
e Infra-red spec

Mark the various bands in th
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infra-red spectrum of ortho-Xylene.
-]
A = 3020 cm ; =C— i ;
- B C—H str in olefins/aromatics
B = 2941 cm ; C—H str
C,D,E F = 1606, 1495, 1460, 1450 em™;  C=C str in aromat: -
& = 1375 ) | aromatic nuclei.
B m _ ‘ C—H def in methy]
H = 745 cm; ortho-disubstituted benzenes
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Nl RA-RED SPECTROSCOPY

~ I. 1
A 3030 cm '’ C—H str in olefines/aromatics
B 2940 cm C—H str
oD EF = 1610, 1585, 1492, 1455 cm ™ '; C—C str in aromatic nuclei.

~ -1
G = 1370 cm C—H def in methyl

- | )
Hand I = 770 cm ; meta-disubstituted benzene
——— WAVELENGTH IN MICRONS

w 263 4 5 6 7 8 9 10 1 12 13 14 15
E 100
E 80
> §
2 ;
g 60 c
- | F
w | 40
2 A"B :
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a 4000 3000 1500 1000 667
> WAVENUMBERINcm™"
Infra-red spectrum of para- Xylene.
A = 3030 cm‘l; —C—H str in olefins/aromatics
B = 2940 cm C—H str in methyl
C,D, E = 1624, 1510, 1450 cm_l; C=C str in aromatic nuclei
F = 1370 cm ; C—H def
G = 802 cm’l; Para-disubstituted benzene
Group C—H str C—H def
@ Tw T =
—CHy  x s s |, \J/
METHYL " W W
SYMM UNSYMM 1380 cm ™! 1480 cm ™
- - ——V 'S + + + e
" = 1 v v
UNSYMM  SYMM  SCISSORING ROCKING \WAGGING TWISTING
1470cm ' 720cm ! T
BELOW 1500 cm !
w et &
=2C=H . A ¢
. 1
2890 o™ BELOW 1500 cm

—CHy, —CHy—and  C—H groups.

(+) and (-) signs indicate vibrations perpendicular to the plane of the paper.

Representation of C—H str and C—H def vibration for

105
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106 ELEC , of toluene

y (1Y
;e //1( cda.
) . 2 wds Iin
Write the various li?/"""(’(’/ bar

/ N\ cH,
fe
Some of its important Infra-red banjjs a
(1) Ar—Q str ~3030 cm .
() C—H str in ¢y, 2850'2960_,"'“1 580 em™', ~1460 cm™
Uil) C=C g ~1600 cm , ~

-1
_ - 770 cm .
(iv) C—H bending for monosubstituted benzene = 7.30 of I-Hexyne
Describe the various infra-red bands in case 8
The structure of 1-Hexyne is -
H,C—CH,—CH,—CH,—C=C
: e :
Some of jts important absorption bands in Infra-red spectroscopy ar

() = C—H st ~ 3300 cm”!

UD C—Hsirin CHyand CH, - 2860 - 2950 cm”!
(iii) C = C st ~ 2100 cm”!

(") C—H bending ~ 1465 cm™

Describe the various characteristic absorption bands in case of 2-Hexene in
the Infra-red spectroscopy.

The structure of 2-Hexene is

H3C~—CH2~CH2~CH = CH*CH3
Some of its Important characteristic absorption bands are :

() C—H str in alkenes ~ 3050 cm!

(i) C—H str in CH, and CH, ~ 2860 — 2950 cm!
(iil) C = C str ~ 1680 cm™!

(v) C—H bending ~ 1460 ¢m™!

(V) —CH = CH, (for cis, trans) 700 - 97 ¢!

hydrocarbon Containing 1(
: s .. - & t hydrogen
gave two bands (i) 3295 cm™! and (i) 625 cm™! alongwith 4 weak absorptioi banfi ;e(;inﬂ;;) Cn%—I'
What is the probable structure of the compound 9

gave the foliowing absorption bands -

(1) 3.32-3.29 1 (m), (ii) 10.40 1 (5) ang Gil) 5.96 1 (m), Wiy o .
compound? Also tel] the geometry of this compound. * the probable Structure of the

Halogen Compounds

In the halogen compounds, the ¢ H stretching shjfi 0 higher w. ,
—I effect of the halogen atom. Due to the | (inductive ect of | rvave Number dye to‘ the
molecule becomes rich in s-componcnt. and hence force Constan incra' ogen, C—y part of the
negativity of the halogen atom, greater is the valye of C—j . reases. Gr, Cater the electro-
values of absorption frequencies as compared to bond due 1 th; X bonds show lower
and increase in the reduced mass. C— x str (X = ¢, gy =

36, 1) abgopne. . d€Crease force constant
" while i f C—F bond, stretchin, ibrag; >OIption Jjeg between 800-500 em
while in the case o , & Vibrations occur iy e »

€gion 14001000 em



INFRA-RED SPECTROSCOPY 0t
Brmni.dcs an‘d chlorides are best detected by their mass spectra. The asymmetric Cc—H stretChin.g
vibrations of ——CH, group in CH,X occur above 3000 cm " which is also the region for aromatic
and unsaturated compounds.

C—H stretching shifts to higher frequencies in dihalogen and trihalogen derivatives. The detection
of halogen by this technique is not reliable as most of the absorptions occur below 650 cm .

c—Cl C—Cl str 800-600 (s)
C—Br C—Br str 600-500 (s)
G C-—1] str ~ 500 (s)
(=-F by -
= & C—F str 1400-1000 (s) D

The Infra-red spectrum of chlorobenzene is shown below :
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“ig. .33, Infra-red spectrum of chlorobenzene.

Positions of some characte ristic absorptions

A = 3072 cm C—H str (Aromatic)
B = 1584 cm | C = C SIF

C = 1478 cm | C oz C SU

D = 1446 C == C str of benzene

G and H 735 cm ', 702 cm ! C—Cl str
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The infra-red spectrum of 2-Bromopropan¢ 15 show . 15.0
ICRON
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Infra-red spectrum of 2-Bromopropane.

omopropane yourself)

(Write characteristic absorption peaks of 2-Br doublet as two i

. . o i a
In this spectrum, C—H bending vibration of a methyl group 1s seen as
groups are present on the same carbon atom.

Alcohols And Phenols

Alcohols and phenols exhibit an excellent property of hydrogen bonding. D_ue to this reason,
O—H stretching bands for such compounds are normally recorded in dilute solutions of t_l}e sample
in non-associating solvents. A variable sharp band appears in the region 3700-3500 cm ', whens
spectrum of a dilute solution of alcohol in carbon tetrachloride is scanned. Because of its high
intensity, the O—H absorption band can be differentiated from the overtones and the combination
bands of this region. Spectra for alcohols are best determined in the vapour phase. If the spectrum
is taken with increased concentration of alcoholic solution, a sharp band disappears and a broad
band at lower frequency appears instead. In polar solvents, O—H str appears at lower wave
number due to the association of alcohol molecules with the solvent molecules.

—— WAVELENGTH IN MICRONS
253 4 5 6 7 8 9 10 1 12 13 14 15

PERCENTAGE TRANSMITTANCE

Alp = : “\/o |
4000 3000 1500 .o P
——* WAVE NUMBER IN g1 667

Infra-red spectrum of Ethanol as 3 fijm

m wracteristic absorptions

10NSs 01 5¢

i y : \ ‘] V s
A = 3330 cm 1 O—H str (hydrogen bonded)
B = 2996 cm C—H str
C = 2924 Cmﬁl C—H str

-1 . - .
D = 1050 cm C—O str (for Primary alcohols)
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Infra-red spectrum of Ethanol in carbon tetrachloride.

Mark the various bands in the Infra-red spectrum which are most characteristic of ethanol.

Primary, secondary and tertiary alcohols can be frequently classified from the bands for the
coupling Yibrations, i.e., C—O str and O—H bending. Primary alcohols show a strong band near
1050 cm ' and secondary alcohols near 1100 cm”! in addition to another strong band at 1350-1260
em . Tertiary alcohols can be distinguished due to the appearance of strong band at 1200 cm’!
and another at 1410-1310 cm™". The strong absorption observed in the spectra of hydroxy derivatives

between 1250-1000 cm ' was assigned to a characteristic absorption of ->C— OH group.

The frequency range (3640-3600 cm_l) decreases alongwith band intensities in the order,
primary > secondary > tertiary. It can be expected on the basis of +1 effect. In concentrated
solution or in the solid state, the O—H str absorption band becomes broader and sharper and
occurs at lower wave number. Thus, the absorption maximum for O—H stretching depends

upon concentration, nature of the solvent and temperature. In case, an alcohol is branched

heavily in the o-position, the absorption band corresponds to the free O—H group. In intermolecular

hydrogen bonded molecules, absorption shifts are concentration dependent. The O—H stretching

absorption band appears at 3570-3450 cm”! in compounds which show intramolecular hydrogen

bonding. For such molecules, there is no absorption shift on diluting the sample. For chelate

molecules such as mono-carboxylic acids existing as dimers, hydrogen bonded structure is stabilised

by resonance. Thus, O—H str absorption appears as a broad band between 3000-2500 em .
__  » WAVELENGTH IN MICRONS

2.5 3 4 5 6 7 8 9 10 12 14 15

i
I WIS

5000 1800 1600 1400 1200 1000 800 667
1

PERCENTAGE TRANSMITTANCE

4000 3500 3000 2500
—__  » WAVE NUMBER IN cm

infra-red spectrum of Methanol.

~1oE. Mark some characteristic absorption bands in the Infra-red spectrum of methanol.
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Propan-2-ol.

Infra-red spectrum of

Mark some characteristic absorption bands in the [nfra-red spectrum olf przpaghz-m'

The axial or the equitorial position of the O—H group in cyclohexanols can ?ISOT ;:' etectef
The frequency of the axial hydroxyl group is higher than that of the equitorial. LIS Can.be
explained by repulsion between the groups in the 1,3 positions of the cyclohexane ring, hinderig
the vibration of the oxygen atom responsible for the increase in force constant of the ‘O——H bond
d. Consider the cas

It may be noted that in equitorial O—H groups, the motions are less restraine ' '
of 1, 2, cyclohexane diols (chair form). In cis-form, one of the two OH groups 18 axial and the

other is equitorial while in the trans-form, both are cither axial or equitorial. In trans 1, 2 cyclohexare
diol, the distance OH........O calculated for axial conformation (a, a) is about 3.3 A and fo
equitorial conformation, (e, e), it is 2.34 A. lohexane diol shows:

The spectra for trans 1, 3, cyc
band for bonded OH at 3602 cm . Clearly, the molecule exists in equitorial conformation which
is energeticaily more favoured.

o ____, WAVELENGTH IN MICRONS

Mark some characteristic 25 3.0 35 40 50 60

absorption bands in the Infra-red spectrum of 100 :
2-methyl cyclohexanol.

In phenols, the frequency of the free
O—H str lies near 3600 cm . In addition
to the usual band for O—H str, phenols
show characteristic strong C—O str band
near 1200 cm | and another at 1410-1300
cm~'. Phenols form intermolecular CHg
hydrogen bonds more readily than OH
alcohols. Hydroxyl group in the associated
form absorbs at 3500-3300 cm . As in P

3500 3000 2500 2000 1500

alcohols, the value of frequency shift in
phenols provides information as regards Fhe S48 i > WAVE NUMBER IN cm
the strength of the hydrogen bonds and .39 Infra-red spectrum of 2 methyl
also the type of association. It was shown that in concentrated soluti
olutions, meta uted
) and para substity

monoalkyl phenols form polymeric associations and absorptio
e : d abs n occurs n % ded
strength of the hydrogen bond is not influenced by the naluf(ar 33[}2 : C”} (bZ;] e
: > or the volume 0

substituents in these positions (¢.g., substituent group may be meth
. . ylor th ., are
with alcohols, phenol can be classlflc?q as sterically hindered, partially h? t:j:ftl‘lry butyl). Compfqtf;c
phenol is substituted In the ortho positions, it is said to be sterically hindc'r1 ;reddand normal. ]pect
ed and we cannot €X

Absorpti

I AL

80

(o)
o

N
o

PERCENTAGE TRANSMITTANCE
N
S 3

region). The

on shifts to higher wave-number on dilution.
hift on dilution.
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111

absorption in the bonded region. Thus, the spectrum for such a compound shows a strong band

corresponding to free hydroxyl group 1
position in phenol, the absorption sh
phcl“‘l“' (capable of forming hydrogen

tear 3640 cm . If a single alkyl group is present in the ortho
ows a slight downward shift. Spectra of ortho substituted
bonds with —OH group), show a free OH band alongwith

another bmﬂfarising fmn} intramolecularly bonded O—H group. In such a case, bonded O—H band
has a lower frequency of absorption. Di and poly hydroxylic phenols with adjacent O—H groups

form intramolecular hydrogen bonds. C

‘atechol in dilute solution shows two bands at 3610 cm (due

to free O—H group) and another at 3570 cm™' (due to intramolecularly bonded O—H group).

igﬁ%},\§3!§.~*‘
| -
Free O—H group O—H str 3700-3500 (v, sh)
Intermolecular hydrogen O—H str 3400-3200 (v, b)
bonded OH* (Polymeric
association)
Intramolecular hydrogen O—H str 3570-3450 (v, sh)
bonded OH**
Chelate compounds O—H str 3000-2500 (w, b)
Primary alcohols C—O str (i) 1350-1260 (s)
(ii) ~1050 (s)
Secondary alcohols C—O str (i) 1350-1260 (s)
(i) ~ 1100 (s)
Tertiary alcohols C—O str (i) 1400-1310 (s)
(ii) ~ 1150 (s)
Cis-1, 2 cyclohexanediol O—H str (i) 3626 (free)
(if) 3600 (bonded)
C—O str (i) ~1200 (s)
(i) 1410-1300 (s)

™

PR = ,-3. An organic co
in its Infra-red spectrum :

3401 em™! (s, b); 3077 cm™ (W),
alkaline potassium permanganate, it
chloride solution.

YR M

mpound (Molecular weight = 108) gave the following peaks

9 cm™', 1499 cm ™ (w, sh) and 1456 cm™, (m, sh). With
xidised to an acid. It gives a negative test with ferric

289
1S O

The infra-red spectrum of Phenol is given below :

- » WAVELENGTH IN MICRONS i
§1oo
s = N
E | \‘ J 5. :,_:. ,\ {i f Tﬁ" 15{-“
3, " *{fﬁ "\ /1 L
563 I /ﬁ"' ’}i RN ’ | "iq;\y
= " Y || | \ [ 1} {l L’ |

i\ { | | | s R

g 42 . Ll 1 \‘ I
E 20 \“» !:‘ } J ! V ,.
S \ W 11
@ | |
i 2800 2000 1800 1600 1400 1200 1000 800 600

3600
100 Infra-red spectrum of Phenol. (

EXERCISE. Explain some importa

———> WAVE NUMBER IN cm ™'
Courtesy : Research laboratories, Division of Bio-Rad Laboratories)

nt characteristic absorptions in the above spectrum.
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of C—C and C—O are comparable, their foree
difference in their dipole-moments, the ¢

Ethers show only one characteristic band in ¢
in an unknown compound is difficult in pres

ELEME
T ; ; ow .
The Infra-red spectrum of Benzyl alcohol is shown bel S .
RON
w 25 ————» WAVELENGTH INMIC
0100
2
E
2 80
Z
2| 60
-
w
B C D
g 40 : -
G CH,OH
O 20l A Benzyl alcohol @ z
m |
w |
w

‘ 0 3000 2500 2000 1800 1600 1400 1200 1000 800 g
4000 3500 3000 2500 2000 1800 1600 1400 1200 00
——> WAVE NUMBER IN cm

Infrared spectrum of Benzyl alcohol. (Courtesy : Sadtler Research Laboratories)

A = 3330 ¢!

B = 3100 - 3000 ¢m™!
C = 2980 — 2840 cm™!
D, E = 1580, 1460 cm™

O—H str  (broad, H-bonding)
C—Hstr  (Aromatic)
C—H str  (in methylene)

F=1017 cm™ C—Osstr  (1°-alcohol)
The Infra-red spectrum of p-cresol is given below :
w ——> WAVELENGTH IN MICRONS
O 3 4 5 6 7 8 910 11 1213 141516 19 3
P4 SO | P - T S e W S 1 ! I U
< 1004 : —_— : :
E 90 ; :
S, 80 ‘
at 70 |1 A
g 60 4 f\|
©| 50 [ |
w 40 |
(0] 30 {
£ 20
@ 10 |
O 0 - —_—— —t — R —
@ 4000 3600 3200 2800 2000 1800 1400 4500 1000 800 600
o — > WAVE NUMBER IN cm™?
Infra-red spectrum of p-cresol (quuid-neat)
EXERCISE. Mark some Important characteristic absorptiong in the above spectrum.
3.11 D §a(TH

Ethers are derivatives of alcohols and show ¢

haraclcrlstic C—o- bands. Since the masse*

constants are quite close. But due to the la¢
O bonds are Stronger

_ a8 compared to C——C bond
he reglf)n 1300-105( cm ! The identification of eth
ence of another OXygenated compound because man
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other strong bands appear in the same region. Saturated aliphatic ethers show a strong band in the
region 1150-1070 cm ! for asymmetric C—O—C stretching and another at 940 cm ™ for symmetrical
stretching. Thcl C-—O-—C absorption spectrum of higher members lie in the broader region
1250-1070 cm . Keto ethers and esters are difficult to distinguish since both are identified for the
values of C = O stretching and C—O stretching.

!

{

25 3
100

|

80/

|

60

40}

PERCENTAGE TRANSMITTANCE

\ { 1

20 - ”‘
AVB
A

4000 3000

———— WAVELENGTH IN MICRONS

4 5 15
6 7 8 9 o g 2 3 # 1
/ ) - '
'\ /) |
4 ’.v :,9“ E
5 |
| D | |
C | |
| | (n—CaHg 20
\/
e e—— Ve | |
1500 1000 667

——— WAVELENGTH cm™
2.4%. Infra-red spectrum of di-n-butyl ether.

Positions of some characteristic absorptions

A = 2960 cm”’ C—H str in methyl
B = 2880 cm ' C—H str
C = 1462 cm’ C—H def methyl/methylene. -
D=1372 cm’ C—H def in methyl.
E=1124 cm’ C—O str in C—O—C group
»up Type of vibrations Region in cm 'and intensity
\ A
.7y ey AR C—oO str 1150-1070 (s)
7 h Y
C—O0—CH, C—H str 2850-2810 (m)
N\ o’
Vi C—O str ~ 1250 (s
/c\ /c 4 (s)
0 ~ 910 (s)
~ 800 (s)
C=C—0—-C C—O str 1070-1020 (s)
1270-1200 (s)




114 . . below
f Phcnct()]c s given N MICRONS §
The Infra-red spectrum © . WAVELENGTH I8
w 2B
O
Z
E 0C2Hs
= Phenyl Ether
Z
&
'—
w
< henetol® C - O stretch
E ethoxybenzené
%
(i 1400 1200 1000 800
* 2500 2000 1800 1 600 1

0 -
4000 3500 300 2 CQUENCY (CM )
Infra-red spectrum of phenetole. (Courtesy - sadtler Research Laboratories)
stic absorptions in the above spectrum.

Mark some important characteri

Carbonyl Compounds

The appearance of a strong band in the spectru

of a carbonyl group in the compound. It is due to C
vibration localised in an individual bond. After detecting the carbonyl group,

examine other peaks in the spectrum for the determination of the exact functional group vi
aldehyde, ketone, ester, amide, quinone etc. Greater the number of peaks in the spectrum, eask
becomes the detection. The frequency of absorption due to the carbonyl group depends mainly
the force constant which in turn depends upon inductive effect, conjugative effect, field effect a
steric effects. All these effects operate simultaneously. A carbonyl compound can be written in fi

m between 1650-1950 cm ' shows the presen;

—0 str and is the most representative type
the next step isi

following two forms :

R
™ R1\5+ 5-
R, R,/
I I

If R, and R, are electron repelli .
bgnd ord]etr) is lozwered and absollfptiorrllgo%:rc(ill?s)sz;ttll;e\:etiuvi;li/r: ;{lrlibfav?f{red, e o aaus (?rl(:[
position of absorption is also Sensrirt]i(\)/retand henCe.absorptiOH oceurs at higher Wure .numbef- e
occurs at a lower frequenC); as coqu . UnSaturfltlon_ =0 stretching for(é)’c p avte ted ke
stretching absorption at a lowcrl w pase In s Saturated analogue. A e !
ave number as compared aliphat.ic er}a/tloketm}[‘e: S;(?svivtioﬂ !
nes. The pc ‘

C=O0 stretching absorption also depends upon the i
ised with the decrease in the size f (1. - € ring siz i o i
raised wi e. écrease in the size of the ring. g Size. The wave number of absorp“‘““
1E, Aldehydes and Ketones
Due to the large +I effect operating in ket
usually absorb at higher wave number ag ¢ ones as COmpared : f
S compare ~pared to that i . . the lat®
for formaldgﬁyde (HCHO), acetaldehyde ((‘}ffg?:f( to the former. The C— (‘;1 al(ighxdes, ;,s];rp“'"”
and 1718 cm  respectively. Aldehydes can be C:,S'I.'] ()j) and acetope (CH/COggeuhmg 2;5() (74
of two weak C—H str (asymm. and Symm.) ab SUY distinguisheg fro 3 'H,) are 1 ot
o om” SOrption bangs m ketones due to the pres®
near 27 ‘ ~One near 2820 ¢m ! and the O
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l:suull._y. lch hfllld at higher wave number is not observed if there is another C—H str due to
some other part of the molecule. Ketones exist in equilibrium with their enolic forms. The enolic
form can ht“ detected by a broad band in the bonded O—H region and another at a very low C=0
strqchllw frequency. ljower the value of the carbonyl frequency, greater is the enolic content in
Cqulhbrllm]. In case of some electron withdrawing groups which also cause Q, B-unsaturation, ViZ.,
alkenyl, alkynyl, ?lryl etc., the conjugative effect dominates over inductive effect and the result is
the net decrease in the wave number of carbonyl absorption.

——— WAVELENGTH IN MICRONS

2.5 3
100 0 35 40 50 6.0 8.0
6 80
Z
E
2 |60
2
'—
w
3 40
5
6 20 e
o
w
o
0 )
4000 3500 3000 2500 2000 1500 667

— > WAVE NUMBER IN cmi ™'
Infra-red spectrum of Benzaldehyde (higher).

Mark some characteristic absorptions in the Infra-red spectrum of Benzaldehyde.
Compare the vCO stretching absorption in the following compounds:

CH3CHO CH, = CH— CHO CH,=C— CHO
1) 1745 cm a0 1723 em (IIT) 1702 cm

ct dominates over—I effect and absorption occurs at a low wave number.

In 11, conjugative effe
ffect (due CH, group) operate in the same direction and help in

In 111, both conjugative and + 1€
still lowering the wave number of absorption.

In cyclic ketones, vC=0 absorption increases as the size of the ring 1decreases (ring strain
hows carbonyl absorption at 1855 c¢cm . Cyclobutanone at

increases). Cyclopropanon€ § ot
1788 cm_l and cyclopentanone at 1746 cm . Cyclohexanone absorbs at almost the same wave

number at which acyclic saturated ketones absorb. A rise in vC=0 with decrease in the ring size
is due to the changes in the state of hybridisation in small rings. As the ring size decreases, the
ring bonds become enriched in p-component and C=0 bond acquires greater s-character. Hence,
force constant for C=0 bond increases and also the wave number of absorption rises. With o, -
unsaturation, the said absorption frequency is lowered by about 30 cm ! Consider the spectra of
cyclohexanone and 2-cyclopentenonc. Due to @, B-unsatu‘ration in 2-cycllopentenonc, the downward
shift corresponding to cyclopentenone is to the extent of nearly 30 cm * and both absorb at nearly

the same wave number.

The vC=0 absorption for ary
value in p-N, N-dimethyl amino

| ketones is lower than that in alkyl ketones reaching a minimum
benzophenone. In aryl alkyl ketone, the +1 effect due to alkyl
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ELE ing. VC=0 absory,
116 ‘th the ring. V& SOrpti,,
. ation of =0 Wit induct
group has an additional effect besides conjugation . a substituted ketones, mnductive ,

and par nds, frequency g},
these compounds occur near 1690 em . For orth substituted cOMPOUTY om .
as conjugative effects play a significant role. In meta ) the following compounds,

() absorption 11
due to inductive effect only. Consider the vC=0 absOp COCH;,

CcH
COCH, COLEs i

NH, :OCH;
2 ' 1)
1 ) ( -1
-1 1693 cm
1677 cmn” 1684 cm

In (1) and (I1) the lone pair of electrons on nitrogen and oxygen atorp are mvrzla:'(;:i(li lr;‘clgﬁjtﬁa]
with the ring. The electron pair on nitrogen atom is more labll.e.and is more r by " able
conjugation with the ring. These groups (NH,, —OCHj,) facilitate conjugation by the e]e.u
release and hence vC = QO absorption occurs at a lower wave number. In III, methylﬁr Oup in
para position causes +I effect and brings down the absorption to occur at 1693 cm .

WAVELENGTH IN MICRONS

25 3 4 5 6 7 8 9 10 11 12 13 14 15
1 L i { i ]

e

| A 1 A ¥ A
i § 100 = 4
E \ (M\
= 80 I ’ Y r—"
31 || 3 M~
Z 60F || ("
@ V B ; :
E ll D |
o 404+ A ’ { E o
b v
= 1 I
z 2L , c CH3-CH,-C—CH;4
& ’
= C
o L“’_.

.
4000 3000 1500 T\m——

667
T WAVE NUMBER IN ¢!
"lg. 346 Infra-red spectrum of Ethyl methy| ketone
Positions of some characteristic ;i')\nlpllull\ I - i ‘
, 1 . .
A = 3002 ¢cm | CHstrip nlclhyl/nIclhylcnc
B = 2940 ¢m C H sty - |
( 1715 ¢m ' ( O s
S0 cm !
D = 1450 ¢m | CH def in mclhyI/mclhylcllc
E = 1406 ¢m CH def i C'H ’
. ! » '
F = 1360 ¢m C—H def in CH o

In a-chloro and «-bromo ketones the v(© () absorny
; 40sorption 4y .
corresponding non-halogenated compound. The electro feg l[ OIS
. . ) 'a Ive
distribution in € O group by I effecy 44 field effe

h¢
bout 20 ¢y ! higher than !
atom t'h:mgcs the elect®

Field effect is the electrostatic effect wh,.), & aa

........
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Note the v(C = O absorption in the following compounds taken in the liquid phase.

CH;COCH, CH,COCH,CI CH;COCHCI,
1715 ¢cm ' 1725 Cmf' 1740 cm”’

The spectra of o-halogenated cyclic ketones are particularly interesting in establishing the
configuration of the halogen atom. In o-halogeno-cyclohexanone, the equitorial halogen atom 18
practica“y eclipsed by the carbonyl group which has a trigonal geometry. If halogen atom is ax¥a1,
then it must be in the staggered position relative to the carbonyl oxygen atom. In a conformation
in which halogen atom is equitorial, the almost parallel dipole of C—X*" and C = O bonds result
in the rise of vC = O absorption by 20 cm™' whereas no shift in the vC = O absorption is caused
when halogen is in the axial position. Consider the spectra of cis and trans 2-bromo-4-tert butyl
cyclohexanone. The bulky tert butyl group must be in the equitorial position.

0 0]

4 L-Br / i
AP 2 e //” a
(CH3)3C\ (CH3)3C\ Va Br
(Cis) (Trans)
(a) (b)

Fip

2. .46 [a). 2-Bromo-4-tert. butyl Cyclohexanone.

When bromine atom is equitorial, it (form @) becomes cis and vC = O absorption is raised
by about 20 cm™'. When bromine atom is axial (form b), the configuration is trans which does not
show any vC = O shift from the normal value.

CHO
vC = 0O 1700 cm_l, lowering is due to
conjugation of C=0" with the ring.
(@)
OH
vC = 0 1651 cm ', lowering is due to conjugation as well CHE
as intramolecular hydrogen bonding.
(1)
COCH,

vC = 0 1685 cm ', lowering is due to conjugation
of C = O with the ring.

!

Field effect is the electrostatic effect which is transmitted through space.
Normal value of vC = C absorption is more for aldehydes as compared to the
Corresponding ketones.

X is a halogen atom.
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PN

< 1 in

vC = 0 1625 cm , lowerle, |
' i

intramolecular hydrogen ponding (iv)

: s the vC =
en bonding lowers 0,
intramolecular hydrog jecular hydrogen bonds ian

In hydroxy aldehydes and ketoncs _ the intra-mo S 8ive,
vO—H absorptions. In saturated hydr(())xg’zlz)e(;o:;a Note the vCO absorptions 1n the Compy,,
00- : -

strong O—H band in the region 34

(Fig. 3.47). ., WAVELENGTHN MICRONS
40 5.0 64
3.0 35 :
2.5

100
” 80
@)
Z
<
=
S, 60
n
z
&
'_
Wi 40
<
Z
L
(@]
xr 20
]
o

S0
4000 3500 3000 2500 2000 1500 667

—— WAVE NUMBER IN cm™"

Infra-red spectrum of 1-acetyl-4 methylcyclo-hex 3-ene

Mark some characteristic absorptions i
T, rptions in the Infra-red spectrum of l-acetyl-4 meth)

We know that f3-diketones exist as a mixt i
ure of ketonic and i : TH
each other. The enolic form is stabilised by resonance enolic forms in equilibrium WE

OH--- 0 ® o
l “ OH.-...... e)
R—C=CR'—C—R <« R ”
For enolic form, vC = O absorption band C—Cr= CR

. appears in the
much lower than that for conjugated ketones This much Iolxl;L
cr

hydrogen' bonding stabilised by resonance. Acetyl acet g is due to the intra-molecu®
1725 ¢cm ~ and in the enolic form at 1630 ¢y 5 (‘)U,ml‘.l'L.O”c ilb§()r-l)s in the ketonic form ¥
from the peak intensities. atitative studies of these forms are possit’

Quin.on.cs are a s‘pecia? case of o, B-unsaturateq ketones a
characteristic frequencreslot absorption due to  ~ () stret \}I?Lh.
region 1695 to 1587 ?m . p-quinones with two curb();,yl ’Lhng .'
range 1680-1660 cm . Presence of electron repelling gr()uETQUps In the
absorption while the presence of electron altracting groyp (p: (“ ]‘ effe
and hence raises the wavenumber of absorption. effect)

region 1640-1580 ¢m " which i

ass of compoll“d’“
" stretching lie in ‘h‘:
Same ring absorb in the
€V lowers the frequency
INereases the force constd”
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(i) CH,CH,CHO
CH,CH,CHO

() vC = O str 1740-1720 cm .

(i) vC—H str ~2720 cm ' (For CHO)

(iiiry vC—H str ~3000 c¢m ™!

Molecular formula- C,HO

(l.) UV )\’mar 2()2 hm, 8mux 21

(ify CH,COCH,

(if) LR. (i) 2720 cm ' (w) (ii) 1738 cm ' (5)
Determine the structure of the compound.

¥

Saturated aldehydes

HCHO

CH,CHO
a, B-Unsaturated (aliphatic)
Aryl aldehyde
All aldehydes

Saturated ketones
o, B-Unsaturated ketones

Cyclopropanone

Cyclobutanone

Cyclopentanone

Cyclohexanone

a, B-Unsaturated (Five
membered)

o, B-Unsaturated (Six
membered)

Aryl ketones
Diaryl ketones

B-diketones

P-quinones

Hydroxy “aldehydes and
ketones in which hydrogen
bonding is possible

119

istinguish between the following two isomers of the molecular formula, C;H,O

CH,COCH, |
(i) vC = O str ~ 1715 cm |
(ii) vC—H str 2960-2850 cm

C:bstr
C =0 str
C =0 str
C =0 str
C =0 str
C—H str
C =0 str
C =0 str
C =0 str
C =0 str
C =0 str
C =0 str
C =0 str
C =0 str
C =0 str
C =0 str
C =0 str
C=0str
C =0 str

For aldehydes, two C—H str bands may be noted; especially the one which appears

number,

VO—H absorption gives a broad band near 3400-3200 em ]
VC = O absorption is sufficiently lower since intramolecular hydrogen bonded structure is stabilised

by resonance.

(i) 2900-2820 (w)
(i) 2770-2700 (w)

(i)

(1)
(i)

1740-1720 (s)
1750 (s)
1745 (s)
1705-1680 (s)
1715-1690 (s)

1640-1550 (s)
1725-1700 (s)
1685-1665 (s)
~ 1855 (s)
~ 1788 (s)
~1746 (s)
1725-1705 (s)

1725-1710 (s)

1680-1665 (s)
1670-1660 (s)
1700-1680 (s)

~ 1725 (s) ketonic
1640-1580 cm ™' (enolic)
1680-1660 (s)

~ 1630 (s)

S

at a lower wave
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120 gor HF

- s
Note the various regions of ab
2400 1200
I

. > 1 1
stretching frequencies In Fig. 34 /r Wwave Number " o 2600 A
300 3600 3400 |

1 1 Hﬂw ___—+
| —CHy, >CHy T —Hstr

e Ty EL T
cho i C
OCH, -

[ —'C=C H . Vj/,,_,,.z.—f'. - ) I

>C= C< I o, pygy B - !

\ 8 Ar—H | LL/'} v O—Hstr |
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—on[ [[ 1L

r = ) onded e
Free H 1-bonded R helate H»b —-H s" I

| —NH, >NH ‘ L e————

‘ —T obandsN Hrs" =
: —CONH2 (Solid) ) I - TXV —

I~ .
— s bands N— H str

= CONH (Solid) m |- ~ Twoor r three b2 N
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263 2.77 294 —— Wavelength in Microns

Fig. 3.48. Regions of absorptlons for smgle bond hydrogen stretchlng frequencles

Note the various regions of absorptions for C C = C C._N C=C stretchlng
frequencies and also N—H bending frequencies in Fig. 3.49.

Wave number incm | ———p

2400 2300 2200 2100 2 |
g0, g0, T, 20, 00, 10, 10 170 tepo | 5o,
_C-ETH L 7“W ”C—C str [
—c=N | |v ESlEn e N s —
s -_—  om
R L . N—H def
>NH - ' — e - -
7 - N—H def | o w
>C=N -
| { l C=N str
‘. » >C=C< Conjugation with ketone
| [
| | | ‘l C=Cstr
>C=N Conjugated cyclic
o [e=Nslf
B , Benzene (aromatic) l !C N
‘ C—Cstr i
L I I f | I
4.16 ol o
Wavelength i I
gth in Microng —_ 6.25 7

1.49. Regions of absorption for (i) stretchin

g fre i
(i) N—H bendin Quencies of dou

B frequencies. ble and triple bonds and
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(1
(i1)
(iif)
(iv)
v)

(1)
(if)
(iif)
(iv)
)

Write important regions of absorption for:
= (H str for acetylenic compounds
C-H str in aldehydes
O-—H str for free and bonded alcohols
O—H str for carboxylic acids
N-—H str for primary and secondary amines/amides
Write important regions of absorption for:
C=C str when the double bond is in conjugation with the carbonyl group.
C=C str in aromatic compounds,

C=C str in acetylenes,

=N str in nitriles,

N-—H def (bending) in case of primary and secondary amines and amides.

121

Note the various regions of absorption for C = O stretching frequencies in Fig. 3.50.

Wave number in cm———p

. 1900 1800 1700 1600 1500
‘ 1 | 1 1
Saturated ketones ':_‘ _j
Saturated aldehydes - ‘,
|
Saturated esters - ] | o
- - 1 ,
]F l Anhydrides
r - T ] Acid chloride
- [#N—' | Aryl and unsaturated aldehydes -
o ] Five membered ketone |
1 L - Four membered ketone - - |
e ———1 1, 2 di-ketone 1
- I— [ — ___h_ﬁ,,ﬁ e —— . e
o Carboxylate |on S r N, I , el
— _—l;nmary amldes - l L o TW_O bﬂ'ES_ S o
Secondary ‘amide (Solutlon) »‘J | B l 1 o ‘
= ]‘4’ - Four membered Iactone L ]
I — 6.25 6.66
Wavelength in Microns ————» 1
Fm, 3.50. Reglons of absorptlon for the stretchlng frequencn/es of‘carbo’nyl vgroupr. \ j
Write important regions of absorptlon for:
(i) C=Ostr.in anhydrides (two bands are observed; one is usually intense and the other is

medium).
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O str in the finge,
(ii) C = O str in esters (the o
region).
(iiiy C = O str in aldehydes (52
' (»‘ -H str at about 2720 cm The presence is confirmed if they
(iv) C = O str in amides (primary 2 Q
absorption in the N—H str region.

nd secondary)-

‘< oi low:
The Infra-red spectrum of Butanal 18 given be
NGTH IN MICRONS
10 11 12 14 16

___  » WAVELE
55 6 65 7 8 9

25 3 35 4 45 5
100

80

60

40 .
A H,C~CHz—CHz-C-H

20
C

PERCENTAGE TRANSMITTANCE
W

0
4000 3500 3000 2500 2000 1800 1600 1400 1200 1000 800 600
— ——» WAVE NUMBERIN cm’’

Infra-red spectrum of Butanal.

C — H str (in methyl)

A = 2820 cm’
B = 2715 cm—: C — H str (characteristic of aldehydes)
C 1720 cm C = O str (due to aldehydes)
The Infra-red spectrum of Hexan-2-one is given below:
____ » WAVELENGTH IN MICRONS
2.5 3 45 4 455 55 6 657 8 9101112 14 16
100
80
60
40 B p E
0]
20 C
A c CH3C~CH,~CHp~CH,—CHs
0
000 3500 3000 2500 2000 1800 1600 1400 1200 1000 800 600
WAVE NUMBER (incm™)

Infra-red spectrum of Hexan-2-one.

. important absorption positions characteristic of Hexan-2-one
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