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The spectrum of ketone is shown below :
C=0 stretch:
aliphatic ketones 1715 Cm'*!
a, B-unsaturated ketones 1685-1666 Cmr?
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Acetone, (CH,).C=0

Acetone exists in dynamic equilibrium with its tautomer, the enol, the latter
being present in only small proportions.

CH,
\
CH,—CH=CH—OH = Cc=0

vd
CH,

This phenomenon gives rise to infra-red absorptions for both isomers,

3410¢m ™! Could be either O—H stretching or C—H stretching of
H—~C=C

3000cm "' C—H stretching (CH ,)—shifted owing to adjacent C=0
group

1720cm ™! C=0 stretching of aliphatic ketone

1420¢cm ™! C—H deformation —displaced owing to adjacent C=0
groups

1360 ¢m ™! C—H bending (CH, adjacent to C=0 group)

1095 em ™ small amounts

1220 om ™" } Probably C—H bending of > C=CH,, which is present
900 cm !
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Carboxylic Acids :4ulus g Sl (aal gl
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The spectrum of carboxylic acids are shown below.

O-H stretch from 3300-2500 Cmrt

C=0 stretch from 1760-1690 Cm*

C-O stretch from 1320-1210 Cm?t

O-H bend from 1440-1395 and 950-910 Cm?

(910-950Cm'™)

(C-H)LAJJ‘)SCA:\AS‘J:M(OH)hdd}ﬂgﬁh&g@\u&a&le:\LdAhx:d&

(1721 Ct ) ie Jii e IS e sane daa 3355 @IS (2500 — 3300 Cmt ) i (S

(1419, 948CMT )aic( O-H )sliad) 33 55 ( 1296 Ct ) i ((C — O ) Jae 23555
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10—: {and C-H stretch)
: 1721
04 C=0 =stretch
i ! '
4000 2000
Wavenumbers (cme-1)

49



( C=0)dsin S de gana aa 2355 jelay 41 |R <ash (ld acetic anhydride s & Wl

VS AL o K Gl sall las e (1) ie haliie el ki)

Acetic Anhydride - Infra Red Spectrum

HIF Wn=-1737 [Srnfr- 1 1 [ SNAG KN=- 1054 |TR HWrn@ NG44+ 0 L TRllln riin
HLEl LL HEHTUFLLUE

C4lela

Fote oA t=hos F'--Hu--n Fingoren ie Foqion
b

=" —

.jﬁ"m’ ~, \ ) _ﬁlﬁ\l ; ﬂ \«\ =

. | V | \
U\ﬁ\_ s IULM I.

I.——H cmcich

TLMMIIL
u
2

- ! winn ! s " L
TR
I T ) I TR [erarE—
2MET 13 | 1mer @ o L3 [ TERAY 1] 1~ 1 ' 1721
wzE 17 [T e | e am | oEpv e - a
wEr e | jam p s gu
s om | raze i vl md " "
e~ -+ FEL L] gL — —
116G > (L= E TR 1] L-LC R V]

50



Esters <l
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y-butyro lactone 1765Cm'? i>:o

The spectrum of esters are shown below.
C=0 stretch
aliphatic from 1750-1735 Cm'!
o, B-unsaturated from 1730-1715 Cmr?

C-O stretch from 1300-1000 Cmt
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3000 - ) xic L saa) 5 A Aad yeday ( R,NH ) Secondary amine s sl gue¥! Ll
Tertiary amine —IG Gue¥) s 35 (N-H ) 32s) 55 al 353 5 v (13300 Ct
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The spectrum of amines ar e shown below.

N—H stretch 3400-3250 Cm*!
« 1° amine: two bands from 3400-3300 and 3330-3250 Cm!
« 2° amine: one band from 3350-3310 Cm'!

« 3° amine: no bandsin thisregion

« N-H bend (primary amines only) from 1650-1580 Cm!

« C-N dtretch (aromatic amines) from 1335-1250 Cm't

« C-N dtretch (aliphatic amines) from 1250-1020 Cm'?

« N-H wag (primary and secondary amines only) from 910-665Cm?
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Nitro Groups : 5,4l asalaa

(N-O) 2o 2355 o s Lelil e coun LS jall 038 Saas (N — O)) 5ma¥) 2358

Ll Ll il e daall a2 (1550 Cmrt ) w8 ek ( nitro alkanes ) LS sl

255 8 dpile gl Allay 5 yulil) de gene Ll )l Alla 8 ¢ (1365 Cmit) 2ie jeldad Jilaidl)
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The spectrum of amines are shown below.

N-O asymmetric stretch from 1550-1475 Cm't
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N-O symmetric stretch from 1360-1290 Cm'?

La3G (nitro methane and m -nitro toluene ) (Sl IR i &5 e die ; JUia
1383 and 1573 )aie( N-O) ke 235 53l ( nitro methane ) J IR ik b :
L8 e dam o ) G 5l (e e (- mniitro toluene ) Als é L (Cmr?
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40 = meta-nitrotoluensa

SeTransmittance
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Alkyl Halides :JsSh lada

(X= Br, Cl, Fand |) ¢} &us (C — X) baV¥) lliad Gl e JSIY) cilalla
oL (C-X ) sa¥) 25 asae , dys—mall eliasll & K o) o 5all 23l sale
550-850 ) die ( C-Cl ) e 2355 eday Cum IR b (40 ( 515-850 Cmit ) dsdaially
b XX (515690 Cmt) aie J8 oa 9o 23ey yeday (C-Br ) Jae 205 Lain ( Cmrt
( 770 — 1250 Cmt) aie (-CHoX ) 4e sanall A a3 ) ( C-H wag) s =) 22 5
Ladl JSIY) claled dalad) calas jill af ddaadla (e . 5 ppall JSIY) Gladla b dala
. (finger print region ) puaY! daa; dihic L8 s ) sela

The spectrum of alkyl halides are shown below.
C-H wag (-CH,X) from 1300-1150 Cm'!

C—X stretches (general) from 850-515 Cmt
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C-Cl stretch 850-550 Cm?t
C-Br stretch 690-515 Cmt

P IR b B el 5 0 S Jaati (sA) CHC 3 o5t 9 sl cada aaW : (JBa

Trichloromethane (chloreform), CHCL,

3020ecm ! C—H stretching (CH)
1215cm ™! C—H bending {shifted to lower frequency by electronegative
Cl atoms)
755em™! C—C1 stretching

The most commonly used solvents in infra-red spectroscopy are trichloro-
methane, tetrachloromethane (carbon tetrachloride) and carbon disulphide.
The spectrum of the solution should always be compared with a blank of the
solvent in order to eliminate the unwanted absorption due to the solvent
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.(1291Cmt ) xie 5
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Table of Characteristic IR Absorptions.

frequency, cm-1

3640-3610 (s, sh)

35003200 (s,b)
34003250 (m)
33002500 (m)
3330-3270 (n, 9)

3100-3000 (s)
3100-3000 (m)
3000-2850 (m)
2830-2695 (M)
2260-2210 (V)
2260-2100 (W)
1760-1665 (s
1760-1690 (s)
1750-1735 (s)
1740-1720 (s)
1730-1715 (s)
1715 (9)

1710-1665 (s)

1680-1640 (m)
1650-1580 (m)
1600-1585 (m)
1550-1475 (s)

1500-1400 (m)
1470-1450 (m)

Bond
O-H stretch, free hydroxyl
O-H stretch, H-bonded

N—H stretch

O—H stretch

—C(triple bond)C-H: C-H
stretch

C—H stretch

=C-H stretch

C—H stretch

H-C=0: C—H stretch
C(triple bond)N stretch
—C(triple bond)C- stretch
C=0 stretch

C=0 stretch

C=0 stretch

C=0 stretch

C=0 stretch

C=0 stretch

C=0 dtretch

—C=C- dtretch

N-H bend

C-C dtretch (in-ring)
N-O asymmetric stretch
C-C stretch (in-ring)
C-H bend

functional group
alcohols, phenols
alcohols, phenols

primary, secondary amines,
amides

carboxylic acids
alkynes (terminal)

Aromatics

Alkenes

Alkanes

Aldehydes

Nitriles

Alkynes

carbonyls (general)
carboxylic acids

esters, saturated aliphatic
aldehydes, saturated aliphatic
alpha,beta-unsaturated esters
ketones, saturated aliphatic

alpha,beta-unsaturated
aldehydes, ketones

Alkenes

primary amines
Aromatics

nitro compounds
Aromatics

Alkanes



1370-1350 (m) C—H rock Alkanes

1360-1290 (m) N—-O symmetric stretch nitro compounds
1335-1250 (s) C-—N stretch aromatic amines
13201000 (9) C-O stretch isfgri?l est’h‘fe";‘;boxy' I acids,
1300-1150 (m) C—H wag (-CH2X) alkyl halides

1300-1150 (m) C-H wag (-CH2X) akyl halides

1250-1020 (m) C-N stretch aliphatic amines
1000-650 (s) =C-H bend Alkenes

950-910 (m) O-H bend carboxylic acids

910-665 (s, b) N-H wag primary, secondary amines
900-675 () C-H "oop" Aromatics

850-550 (m) C-Cl stretch akyl halides

725-720 (m) C—H rock Alkanes

700-610 (b, ) —C(triple bond)C-H: C-H bend | Alkynes

690-515 (m) C-Br stretch akyl halides

m = medium, w=weak, s=strong, n= narrow, b= broad, sh= sharp

Functiona Class

S-H thiols
S-OR esters
S-Sdisulfide
C=S thiocarbonyl
S=0 saulfoxide
sulfone
sulfonic acid
sulfonyl chloride
sulfate

Characteristic Absorptions
Sulfur Functions
2550-2600 cmt (wk & shp)
700-900 (str)
500-540 (wk)
1050-1200 (str)

1030-1060 (str)

1325+ 25 (as) & 1140+ 20 (s) (both str)
1345 (str)

1365+ 5 (as) & 1180+ 10 (s) (both str)
1350-1450 (str)

Phosphorous Functions
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P-H phosphine 2280-2440 cmt (med & shp)

950-1250 (wk) P-H bending

(O=)PO-H phosphonic acid 2550-2700 (med)

P-OR esters
P=0 phosphine oxide

900-1050 (str)
1100-1200 (str)

phosphonate 1230-1260 (str)
phosphate 1100-1200 (str)
phosphoramide 1200-1275 (str)
Silicon Functions
Si-H silane 2100-2360 cm® (str)
Si-OR 1000-1110 (str & brd)
Si-CHs 1250+ 10 (str & shp)
Oxidized Nitrogen Functions
=NOH oxime
O-H (stretch) 3550-3600 cm?t (str)
C=N 1665+ 15
N-O 945+ 15
N-O amine oxide
aliphatic 960+ 20
aromatic 1250+ 50
N=O nitroso 1550+ 50 (str)
nitro 1530+ 20 (as) & 1350+ 30 (s)

AL LS el (bl 4dd Laia g0 (>1400 Ct ) aosalaall Aalaiay ald Ul J gaal) GlIX
s dgendll 5 S il aa

Principal IR Absorptions for Certain Functional Groups above 1400 cm't

Absorption Ranges
Functional Group Names Frequency (cm-1) Type of Vibration
& (causing IR absorption)
Example Compounds [Look for asingle
absorption in these
regions unless
stated otherwise.]
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i Methane

Alkenes;

H

HyC %(IE’H
H

1-Propene

Alkynes:

HC=C—CHa  Propyne

Aromatic Rings:

H
H. & .H
T
R N Benzene
H™ 6" H
H

H
H
thgohh},OH ;EI:,OH
Ao LT H
H t|: H
H hethanol
Phenal I:.-"J'-.|l3l:lhl3|jl
Ketones.
%
e ArCetone
H,C CHy

3000-2800
(Note: The
absorptions can be
seen aseverd
distinct peaksin
thisregion.)

1500-1450

3100-3000

1675-1600

3300-3200

2200-2100

3100-3000
1600-1580

1500-1450

3600-3100
(Note: Phenols
MUST have
Aromatic Ring
Absorptions too.)

(1300-1000)

1750-1625
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C-H Stretch

C-H Bend

=C-H Stretch

C=C Stretch

—iC—H Sietch

C=C Stretch

=C-H Stretch
C=C Stretch

C=C Stretch

H-bonded O-H Stretch

(C - O Stretch)

C=0 Stretch



Aldehydes:

0

.C.., Ethanal
HyC™ ™H

Carboxylic Acids:

N Formmic Acid
OH

Esters:

0
Il
¥ -Ms Methyd Fomate

Ethers:

ST Diethyl Ether
(aka-Ethyl Ether)

Amines; Primary

f”‘“‘“rTrH Ettrylamine
H

Amines. Secondary

7S oM ethylethyl amine
|
H

Nitriles:

H\.
y—C—C=N

Weth iril
o ethanenitrile

1750-1625 C=0 Stretch
2850-2800 C-H Stretch off C=0

2750-2700 C-H Stretch off C=0

3400-2400 H-bonded O-H Stretch
(Note: This peak
always coversthe
entire region with a
VERY BROAD
peak.) C=0 Stretch

1730-1660

1735 C=0 Stretch

(1300-1000) | (C - O Stretch)

(1300-1000)  |(C - O Stretch)

3500-3200  |N-H Stretch
(TWO PEAKS!)

1640-1560 N-H Bend

3500-3200  |N-H Stretch
(ONE PEAK!)

1550-1450 N-H Bend

2300-2200 C=M Stretch
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Nitro Groups:

0

I, )
Hac,NEO- Mitrom ethane
(Note: Both peaks are < 200

cmt apart.)
Amides:
11

A Methanarn ide
HiC MH;

1600-1500

1400-1300

3500-3100

1670-1600

1640-1550
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N=0O Stretch

N=0O Stretch

N-H Stretch

C=0 Stretch

N-H Bend



