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Fig.2.2 Potential energy curve of a harmonic oscillator with dis-
crete vibrational levels £
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NaCl , KCI, KBr, CaF,, BaF,, AgCl

NaCl KCI KBr CaF» BaF;
$42.00 $44.00 $46.00 $80.00 $107.00  $337.00
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$164.00
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3mm Die Set

32mm Die Set

$1,430.00 $900.00 $2,222.00
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: Triple Double
Single bond stretch bonds bonds

O-H,N-H stretch |

Nitriles
: Carbenes §
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Typical Infrared Absorption Values For Various Types of Bonds

100 3200-3400 cm! 2850-3100 cm'™! 2100-2260 cm™  1650-1800 cm! 500-1000 cm!
% O-H stretch C-H stretch =N ¢=¢ C=0 stretch
T I . . ] I
r ; "Fingerprint" region
a (generally not useful)
n |also in this
S | region: Exception: 680- 860 cm!
M | N-H stretch I region can help determine
I 13300-3500 cm™ | ortho-meta-para substitution
t patterns for aromatics.
t 3300 cm™!
a alkyne C-H
n stretch
c ' t
€ > 3000 cm™! I V<3000 cm™
alkenyl C-H :  alkyl C-H stretch
0 stretch :
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ANALYTICAL CHEMISTRY - INFRARED SPECTROSCOPY

Commonly referred to as IR spectroscopy, this technique allows chemists to identify characteristic groups of atoms (functional groups) present in molecules.

(© N © 22 THE FINGERPRINT REGION - 1500CM-' TO 500CM"*
Stretch Stretch

Stretch The fingerprint region of the spectrum contains a complex set of
: : absorptions, which are unique to each compound. Though these are

@ hard to interpret visually, by comparison with references they allow
identification of specific compounds.
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@0 @ =0 -0
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Stretch Stretch ANHYDRIDE Bend Bend, Rock Wag Bend Bend
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ALCOHOLS CARBOXYLIC ACIDS ATOEHNDE
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Infrared frequencies make up a portion of the electromagnetic spectrum. If a range of infrared frequencies are shone through an organic compound, some of the frequencies are
absorbed by the chemical bonds within the compound. Different chemical bonds absorb different frequencies of infrared radiation. There are a number of characteristic absorptions
which allow functional groups (the parts of a compound which give it its particular reactivity) to be identified. This graphic shows a number of these absorptions.

© COMPOUND INTEREST 2015 - WWW.COMPOUNDCHEM.COM | Twitter: @compoundchem | Facebook: www.facebook.com/compoundchem @@@@
This graphic is shared under a Creative Commons Attribution-NonCommercial-NoDerivatives licence. i




A collection of “tongues” - the O-H stretch around 3400-3200 cm""

Example 1

LE_

Example 2

0.4

0.8

3000

Example 3

Example 4 Example 5 NOT an OH stretch!

VA
n - H
3,]::_'3 3000 i ..
000

With the exception of the last example, each of these “blobs” represents

the OH stretch of an alcohol



A collection of “swords” - the C=0 stretch around 1700 cm

Aldehydes Ketones Esters

Benzaldehyde Propanal 2-pentanone Acetophenone Ethyl  Methyl
—_— : ——aecetate _benzoate
|/ ™ ! " A .

Y

I (| lﬂ‘| | o 1. ' |."'| fl el ™
| | . [ I
\ y ﬂ | il | | 1" ] :
| ‘ ' | 1

M T 1 |.|.. 1

Carboxylic Acids

Butanoic Benzoic
acid acid

i PR . e b N | P

2000 2000 2000 2000 2000 2000 2000

Aldehydes: 1740-1720 cm™" Ketones: 1750-1715cm”  Esters: 1750-1735cm” Carboxylic Acids:
17251700 cm™

(less if conjugated)
Almost always the strongest peak on the spectrum



1-HEXANOL
INFRARED SPECTRUM
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BUTANOIC ACID
INFRARED SPECTRUM
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All peaks below 3000 cm™

The 3000 cm™ “Dividing Line” Between sp® C-H and sp? C-H

2000

(all sp* C-H )
Peaks slightly above 3000 cm can indicate presence of alkenes
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All peaks above 3000 cm™!

Note single peak above 3000 cm™!
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(all sp2 C-H)



Triple Bonds Show Up Around 2050-2250 cm™’

Alkynes Nitriles
1-Hexyne 2-Butyne Benzonitrile Propanenitrile

7 AR

:

—C=N
HyC—C=C-CHj

HGEEM

g s 0 5 e s 0 5 3 B g g i I & 4 I R T T B R
2000 2000 2000 2000
Alkyne CC stretch: very weak, Nitrile CN stretch: around 2250 em-'
but nothing else in this region

One of the few examples of weak peaks being useful
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BENZENE, ETHYNYL-
INFRARED SPECTRUM

W\Ah\ qw ﬂWF

0.8

LLl

- L

=

q: =

-

5 i G-:.:—:F'H_

= 0.4 @, triple bond

= : C—H
DD‘II‘I

3000 2000 1000

Wavenumber (cm-1)
NIST Chemistry WebBook (http://webbook.nist.gov/chemistry)



100
/e
80
60
— 40

20

4000

'

1

e

3000

2000

1600

1200

800

Fig.2.15 Chloroform (as liquid film); black spectrum: 9 um film thickness, biue spectrum: 100 um. The figure shows the dependence
of the strength of the bands on the thickness of the film for a commaonly used solvent. In the regions of strong absorption the transpar-
ency using thick cells (>0.2 mm film thickness} is no longer sufficient for the detector to operate properly

A 3030 cm™' (C-H) stretching vibration v (CH)

B 1215 cm™' (C-H) bending vibration & (CH)
C 760 cm™' asymmetric (C-Cl) stretching vibration
D 670 cm™ symmetric (C-Cl) stretching vibration
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Fig. 2.16 tert-Butanol (as liquid film)
Alcohols are easily identified by the strong OH-band (A) and an intense and broad absorption between 1250-1000 cm™ (E)

A = 3400 cm™' hydrogen bonded (O-H) stretching vibration; the preceding shoulder at 3605 em™ is presumably due to
non-associated O-H
B 2975 cm™ (C-H) stretching vibration v,,,(CH,)
C 1470 cm™ asymmetric (C-H) bending vibration
D 1380 cm™' characteristic double band for t-butyl groups
1365 cm™ 4, (C{CH,),
E 1200 em™ (C-0) stretching vibration v (C-0)
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Fig. 2.17 Cyclohexanone (as liquid film)

3400 em~' overtone vibration of the carbonyl group (see also Fig. 2.20 and 2.9, p. 57 and 38)
(C-H) stretching vibration v,,,(CH,)

1710 cm™" (C=0) stretching vibration v (C=0)

1450 cm™' (C~H) bending vibration & (CH,)

1420 cm™' (C-H) bending vibration next to C=0

oOwW>» 0O
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T\Q. 228 2-Phnenoryenanch (as houd T
This example shows characleristic bands for an alcohol, an ether, and a MONOSUDSIIUET aiuTTait

A =~ 3350 cm™" hydrogen bonded (O-H) stretching vibration

B (C-H) stretching vibration of the benzene ring

Cc (C-H) stretching vibration of the CH, groups

D 1250 cm~' (C-0O) siretching vibration in aryl alkyl ethers; dialkyl ether bands lie at lower frequency (Tab. 2.19)
X, 760 cm~' monosubstituted aromatic, i.e. five neighbouring H-atoms

X, 695 cm™' (cf. toluene, Fig. 2.23)

-
=



100

H3C— (CH7)16—COOH
in KBr

60
40
20
| ) 1 n 1 1 L 1
4000 cm-! 3000 2000 1600 1200 800 400
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Fig. 2.19 Octadecanoic acid (stearic acid; in KBr)

Carboxylic acids associate by formation of hydrogen bonds (broad band for the dimeric form at 3000 cm™'). The bending vibration of
the hydrogen bonded complex at 930 cm™ is also charactenistic. In longer chains &> C,.) progression bands are observed in the solid
state; these are equidistant bands between 1350 and 1200 cm™, which arise from the (E)-oriented CH, groups (twisting and rocking

vibrations).

A =3000cm™ very broad OH band from hydrogen bonds

B overlapping (C-H) stretching vibrations v,,,(CH,, CHJ)

C 2700to characteristic shoulders, arising from overtones and combination vibrations
2500 cm™

D 1700 cm™' (C=0) stretching vibration

E 930 cm™' (O-H) bending vibration from hydrogen bonds

O-H from traces of water in the KBr
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Fig. 2.20 BSenzy! acetate (as liquid film)

3450 cm™' probably not traces of water, but overtone vibration of the carbonyl group (cf. Fig. 2.17)
A 3050to (C-H) stretching vibration of the benzene ring

3020 cm™

B 2960to (C-H) stretching vibration of the CH, group

2880 cm™

C 1740 cm™ (C=0) siretching vibration

D 1230 cm™ (C-0) stretching vibration; position is characteristic for the acetyl group

X, 750 cm™' monosubstituted aromatic

X; 700 cm™ (cf. toluene, Fig. 2.23)



H3C—CHy—C=N
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4000 cm™! 3000 2000 1600 1200 800 400

- Y

Fig. 2.21 Propionitrile (as liquid film})
Absorption bands in the region 2300-2000 cm™' are almost certain indicators of triple bonds (see Tab. 2.8, p. 47)

A (C-H) stretching vibrations v, .{CH,, CH,)
B 2250 cm™' (C=N) strelching vibration

C 1460 cm™ (C-H) bending vibration

D 1430 cm™ (C-H) bending vibration next to C=N



Fig. 2.22 &-Capralactam (hexahydro-2H-azepin-2-one) {in KBr)
Example of a cyclic carboxylic acid amide with absence of the amide |l band (cf. Fig. 2.28a, p. 62). The many sharp bands in the finger-

100
/e
80
60
40

20

4000 cm! 3000

- Y

print region are typical for aliphatic rings

A

B
Cc
D

3295 cm™' (N=H) stretching vibrations in N-monesubstituted amides

3210 cm™

3100 cm™' combination band Y{C=0) + § (N-H)

(C-H) stretching vibration
1660 cm™' (C=0) stretching vibration

2000

V.

ass

{CH,)
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Fig. 2.23 Toluene (as liquid film)

aromatic (C-H) stretching vibrations

aliphatic (C-H) stretching vibrations

overtones and combination vibrations of aromatics

(C=C) stretching vibrations, typical of aromatics

monosubstituted aromatic (five neighbouring H-atoms); H bending vibration (out of plane); (see Tab. 2.16, p. 53)
ring bending vibration, also characteristic for a monosubstituted benzene
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Fig. 2.24a 12-Dimethylbenzene (o-xylene) (as liquid film)
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Fig. 2.24b 1,3-Dimethylbenzene (m-xylene) (as liquid film})
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CHg
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4000 cm-1 3000 2000 1600 1200 800 &00
———
Fig. 2.24¢c 1.4-Dimethylbenzena (p-xylene) (as liguid film}
Determination of the substitution pattern from Tab., 2.18 {p. 53)

X,2 740 cm™ typical of four neighbouring H on an aromatic (1,2-disubstitution)

Xia 770 cm™ three neighbouring H {1,3-disubstituticn)

Xi4 770 cm™ two neighbouring H (1,4-disubstitution)

For the assignment of the remaining bands compare with the spectrum of toluene (see Fig. 2.23)
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Fig. 2.25 Phenol (in KBr)

A 3500 cm™
B 3360cm”’
C 3040cm™

D
X, 755cm™

XQ 690 cm™

(O-H) stretching vibration in hydrogen bonded dimer

(O~H) stretching vibration in hydrogen bonded polymer
(C~H) stretching vibration in aromatic

(C=C) stretching vibrations, typical of aromatics (cf. Fig. 2.33)

monosubstituted aromatic (see Tab. 2.16, p. 53)



e in KBr
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Fig. 2.26 1-Naphthylamine {in KBr)

A (N-H) stretching vibration (various degrees of association)

B 3040 cm™' (C-H) stretching vibration in aromatic

C 1620 cm™' (N-H) bending vibration

D 1570 cm' aromatic (C=C) stretching vibrations

1510 cm™

E 1290 cm™' (C-N) stretching vibration

X; 785 cm™' monosubstituted aromatic (the values in Tab. 2.16 apply approximately to naphthalenes)
X, 770cm™



CH3
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Fig. 2.27 24-Dinitrotoluene (in KBr)

A
B
C
D

X,
X,
K

3100 cm™' aromatic (C-H) stretching vibration
aromalic overtone vibrations
1600 cm™ aromatic (C=C) stretching vibrations
1520 cm™' asymmetric and symmetric N=0 stretching vibration
1340 cm™' (conjugated to aromatic system)
915 cm™' probably the two bands of the out-of-plane (C-H) bending vibrations
840 cm™' indicative of 1,2,4-substitution
traces of water in the KBr disc
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Fig. 2.28a 4-Acetylaminobenzaldehyde (in KBr)

A

B
c
D

3300 and N-H in N-monocsubstituted amides
3260 cm™'

3190 and amide bands of unknown origin
3110 cm™'

3060 cm™' aromatic C-H

2810 and C-H in aldehydes

2730 cm™'

xXTTom m

1200 800 400

1690 and aldehyde-carbonyl and amide |

1670 cm™

1600 cm™’ benzene ring

1535 cm ' amide |

1515 cm™' benzene ring

835 Ui ' p-Uisubstiuled Lenzene 1ing

shoulder of an OH band from traces of water in the
KBr disc
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Fig. 2.28b 4-Acstylaminobenzaldehyde {in Nujol)
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Fig. 2.28¢c 4-Acetlylaminobenzaldehyde (in CHCL)



100 N

Fig. 2.29 Nicotinic acid methyl ester (in KBr)

A 2950 em™' {C~H) stretching vibration v (CH.); the aromatic (C-H) stretching vibration is only weakly visible {above 3000 cm™)
B 1725 cm™ {C=Q) stretching vibration; {C=C) and (C=N) stretching vibration

D 1290 cm™ {C-0) stretching vibration

X, 745 cm™' monosubstituted aromatic (the values in Tab. 2.16 apply approximately to pyridines)

X, 705¢cm™

K traces of water in the KBr disc
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Fig. 2.30 D,L-Tryptophan (in Nujol)

A 3400 cm'indole {(N-H) stretching vibration
B 3030 cm™ broad "ammonium” band from —-NH;
C =2500 and two bands, very commeoen in amino acids, also appear in primary ammonium salls
=2100 cm™’

1665 cm™ amino acid |; unusually strong

1610 cm™' probably aryl group

1585 cm™' amino acid |l; ionised carboxyl group —CUO"

1555 cm'-NH; bending vibration

755 or 745 cm™' (C-H) out-of-plane bending vibrations of a 1,2-disubstituted benzene ring
Nujol bands

Z2IO0TMMO
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IR spectrum of dichlorocethylene

ol
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Fig. 2.35 Laser Raman spectrum of (E)-dichloroethylenes

Tab. 2,22

Assignment of the bands in Figs. 2.34 and 2.35

vibration  anti- IRband  symmetric  Raman
type symmetric Fig.2.34  vibration band
vibration  (em ') {Raman Fig. 2.35
(IR active) active) {cm™)
CI\ Ny CI\ /H /
v(C—H) /C:C\ 3080 (A) /C:C\ 3070 (A)
Hy Cl Hy @
¢\ H ¢\ H
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