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Table 1. IR Analysis of Carvone  

Functional 
Group 

Bond 
Assignment 

(C=O, N-H, etc.) 
from IR Table 

Expected 
Wavenumber 
from IR Table 

Literature 
Wavenumber     
(IR provided) 

Observed 
Wavenumber 

(your IR) 
     

     

     

    

    

     

    

    

 
 
**You will make 3 of these tables for Experiment 5 – one for each compound above. Start by 
identifying functional groups then use the IR table of values provided to find the corresponding 
expected stretches & bends.  
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Figures reproduced from McMurry, J. Organic Chemistry, 8th Edition. Cengage: Belmont. 2008. 
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 Correlating Energy and Frequency of Radiation
Worked Example
12.3

Which is higher in energy, FM radio waves with a frequency of 1.015 ! 108 Hz (101.5 MHz) 
or visible green light with a frequency of 5 ! 1014 Hz?

Strategy
Remember the equations ! " hν and ! " hc/", which say that energy increases as 
frequency increases and as wavelength decreases.

Solution
Since visible light has a higher frequency than radio waves, it is higher in energy.

Problem 12.5
Which has higher energy, infrared radiation with " " 1.0 ! 10!6 m or an X ray with 
" " 3.0 ! 10!9 m? Radiation with ν " 4.0 ! 109 Hz or with " " 9.0 ! 10!6 m?

Problem 12.6
It’s useful to develop a feeling for the amounts of energy that correspond to different parts 
of the electromagnetic spectrum. Calculate the energies in kJ/mol of each of the following 
kinds of radiation:
(a) A gamma ray with " " 5.0 ! 10!11 m (b) An X ray with " " 3.0 ! 10!9 m
(c) Ultraviolet light with ν " 6.0 ! 1015 Hz (d) Visible light with ν " 7.0 ! 1014 Hz
(e) Infrared radiation with " " 2.0 ! 10!5 m (f) Microwave radiation with ν " 1.0 ! 1011 Hz

12.6 Infrared Spectroscopy
The infrared (IR) region of the electromagnetic spectrum covers the range 
from just above the visible (7.8 ! 10!7 m) to approximately 10!4 m, but only 
the midportion from 2.5 ! 10!6 m to 2.5 ! 10!5 m is used by organic chemists 
(Figure 12.13). Wavelengths within the IR region are usually given in micro-
meters (1 #m " 10!6 m), and frequencies are given in wavenumbers rather 
than in hertz. The wavenumber ( !vv) is the reciprocal of the wavelength in centi-
meters and is therefore expressed in units of cm!1.

Wavenumber: cm
(cm)

!v ( )!1 1
!

"

Thus, the useful IR region is from 4000 to 400 cm!1, corresponding to ener-
gies of 48.0 kJ/mol to 4.80 kJ/mol (11.5–1.15 kcal/mol).
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Figure 12.13 The infrared and adjacent regions of the electromagnetic spectrum.
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Why does an organic molecule absorb some wavelengths of IR radiation but 
not others? All molecules have a certain amount of energy and are in constant 
motion. Their bonds stretch and contract, atoms wag back and forth, and other 
molecular vibrations occur. Some of the kinds of allowed vibrations are shown 
below:

Symmetric
stretching

Out-of-plane
bending

Antisymmetric
stretching

In-plane
bending

The amount of energy a molecule contains is not continuously variable 
but is quantized. That is, a molecule can stretch or bend only at specific fre-
quencies corresponding to specific energy levels. Take bond stretching, for 
example. Although we usually speak of bond lengths as if they were fixed, 
the numbers given are really averages. In fact, a typical C ! H bond with an 
average bond length of 110 pm is actually vibrating at a specific frequency, 
alternately stretching and contracting as if there were a spring connecting 
the two atoms.

When a molecule is irradiated with electromagnetic radiation, energy is 
absorbed if the frequency of the radiation matches the frequency of the vibra-
tion. The result of this energy absorption is an increased amplitude for the 
vibration; in other words, the “spring” connecting the two atoms stretches and 
compresses a bit further. Since each frequency absorbed by a molecule corre-
sponds to a specific molecular motion, we can find what kinds of motions a 
molecule has by measuring its IR spectrum. By then interpreting those motions, 
we can find out what kinds of bonds (functional groups) are present in the 
molecule.

IR spectrum n What molecular motions? n What functional groups?

12.7 Interpreting Infrared Spectra
The complete interpretation of an IR spectrum is difficult because most organic 
molecules have dozens of different bond stretching and bending motions, and 
thus have dozens of absorptions. On the one hand, this complexity is a prob-
lem because it generally limits the laboratory use of IR spectroscopy to pure 
samples of fairly small molecules—little can be learned from IR spectroscopy 
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• The region from 2500 to 2000 cm!1 is where triple-bond stretching 
occurs. Both C!N and C!C bonds absorb here.

• The region from 2000 to 1500 cm!1 is where double bonds (C!O, C!N, 
and C!C) absorb. Carbonyl groups generally absorb in the range 1680 to 
1750 cm!1, and alkene stretching normally occurs in the narrow range 
1640 to 1680 cm!1.

• The region below 1500 cm!1 is the fingerprint portion of the IR spec-
trum. A large number of absorptions due to a variety of C " C, C " O, C " N, 
and C " X single-bond vibrations occur here.
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Figure 12.15 The four regions of the infrared spectrum: single bonds to hydrogen, triple bonds, double 
bonds, and fingerprint.

Why do different functional groups absorb where they do? As noted previ-
ously, a good analogy is that of two weights (atoms) connected by a spring (a 
bond). Short, strong bonds vibrate at a higher energy and higher frequency 
than do long, weak bonds, just as a short, strong spring vibrates faster than a 
long, weak spring. Thus, triple bonds absorb at a higher frequency than double 
bonds, which in turn absorb at a higher frequency than single bonds. In addi-
tion, springs connecting small weights vibrate faster than springs connecting 
large weights. Thus, C " H, O " H, and N " H bonds vibrate at a higher frequency 
than bonds between heavier C, O, and N atoms.

 Distinguishing Isomeric Compounds by IR Spectroscopy
Worked Example
12.4

Acetone (CH3COCH3) and 2-propen-1-ol (H2C P CHCH2OH) are isomers. How could you 
distinguish them by IR spectroscopy?

Strategy
Identify the functional groups in each molecule, and refer to Table 12.1.

Solution
Acetone has a strong C!O absorption at 1715 cm!1, while 2-propen-1-ol has an 
 " OH absorption at 3500 cm!1 and a C!C absorption at 1660 cm!1.

      Copyright 2010 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.


