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IR Spectroscopy

|.  Introduction
A. Spectroscopy is the study of the interaction of matter with the electromagnetic

spectrum
1. Electromagnetic radiation displays the properties of both particles and waves
2. The particle component is called a photon
3. The energy (E) component of a photon is proportional to the frequency.
Where h is Planck’s constant and v is the frequency in Hertz (cycles per
second)
E=hv
4, The term “photon” is implied to mean a small, massless particle that contains

a small wave-packet of EM radiation/light — we will use this terminology in the
course
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Vibration of a Diatomic Molecule
Approximates an Oscillating Spring




PRINCIPAL MODES OF VIBRATION

3N-6 possible normal modes of vibration
N = number of atoms in a molecule
Degrees of freedom = 3N
H,O for example
- 3 atoms

- Degrees of freedom=3x3=9
- Normal modes of vibration =9-6 = 3



PRINCIPAL MODES OF VIBRATION

Linear Molecules
- Cannot rotate about the bond axis
- Only 2 degrees of freedom describe rotation
3N-5 possible normal modes of vibration
CO, for example

- 3 atoms
- Normal modes of vibration =9-5 =4



FUNDAMENTAL TRANSITIONS

Overtone
- Excitation from ground state to higher energy states
- Result in overtone bands that are weaker than fundamental
- Frequencies are integral multiples of fundamental absorption

- Fewer peaks are seen than predicted on spectra due to IR-inactive
vibrations, degenerate vibrations, weak vibrations

- Additional peaks may be seen due to overtones
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Figure 14.10 Summary:
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TABLE 14.2 Important IR Absorptions

Bond type Approximate ¥ (cm™) Intensity

O—-H 3600-3200 strong, broad
3500-3200 medium
~3000

3000-2850 strong
3150-3000 medium
3300 medium
2250 medium
2250 medium
1800-1650 (often ~1700) strong
1650 medium

1600, 1500 medium




Example of infrared spectrum
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Example of infrared spectrum
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Infrared spectrum' ol 1-nexene
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Table 13.4 (p519)

Infmred Absorpt:on Frequenaes__ﬁj' | '

StRUCEURAINURIT EFeGUEnCY, G
Stretening vibrations (single bonds)

30 C—rl 3310-3320

spe C—H 3000-3100
SRt 285052950

sp= L—0U 1200



| Table 13 4 (p 519)

Infmred Absorpt:on Frequenaes __'35 _5 -

StiuctUraif G Erequency), ch—

Stretching vibrations (multiple bonds)

/f:.:: r_:;\ 162051680
—G=0— 2100-2200



~ Table13.4(p519) .
!nfmred Absorpt:on Frequenaes .

Structural Uit Erequency, ch= =i
Stretching vibrations (carbonyl groups)
Aldehydes and ketones  1710-1750

Carboxylic acids 1700-1725
Acid anhydrides 1800-1850 and 1740-1790
Esters 1730-1750

Amides 1680-1700



Table 13.4 (p 519)

Infmred Absorpt:on Frequenaes
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| Table 13 4 (p 519) |

!nfrared Absorptfon Frequenaes "

Structural unit Erequency, i

Bending vibrations of derivatives of benzene

Monosubstituted 730-770 and 690-710
Ortho-disubstituted 735-770
Meta-disubstituted 750-810 and 680-730

Para-disubstituted 790-840
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niraredispectrum ol teri-butylvenzene
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Table 13.4 (p 519)

Infmred Absorpt:on Frequenaes

Structural unit Erequency, cm—



INfrared spectrum ol Z-nexanol
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Infrared spectrumi ol Z=hexanone
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Abbreviated Table of Group Frequencies for Organic Groups

Bond Type of Compound Frequency Range, cm Intensity
C-H Alkanes 2850-2970 Strong
C-H Alkenes \-::=<: 3010-3095 Medium
o X 675-995 strong
C-H Alkynes —c=c—f{ 3300 Strong
C-H Aromatic rings 3010-3100 Medium
690-900 strong
0-H Monomeric alcohols, phenols 3590-3650 Variable
Hydrogen-bonded alchohols, phenols 3200-3600 Variable, sometimes broad
Monomeric carboxylic acids 3500-3650 Medium
Hydrogen-bonded carboxylic acids 2500-2700 broad
N-H Amines, amides 3300-3500 medium
C=C Alkenes 1610-1680 Variable
C=C Aromatic rings 1500-1600 Variable
C=C | Alkynes 2100-2260 Variable
C-N Amines, amides 1180-1360 Strong
C==N | Nitriles 2210-2280 Strong
C-0 Alcohols, ethers carboxylic acids, esters 1050-1300 Strong
C=0 Aldehydes, ketones, carboxylic acids, esters 1690-1760 Strong
NO; Nitro compounds 1500-1570 Strong

1300-1370




IRjiares ARsorpLeH EEeqUEencies

StitCtUEITURIT Eregquency, Cni—
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O=—HNalcenoels) 2)240)0)=21¢100)
O—H(Carexylic acids) 5000=5100



Infrored Absorption Freguencies

Structuraliunit Ereguency, e
50 C—x¢ 3310-3320

sp- C—H 3000-3100

sp> C—H 25502950
spZC—0 1200

sp> C—0 1025-1200



Infrared AbserpHion Erequencies

StiructuralfunIt Erequency), ch—
Stretening viorations (single vonds)
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Vione supstitied aromatic metnyl ketene
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Vionoe supstittted aromatic ester
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What is Next



