
	
  

	
  
	
  
	
  
	
  
	
   	
  

536 CHAPTER 12 Infrared Spectroscopy and Mass Spectrometry

that the numbers are approximate and they do not give ranges to cover all the unusual
cases. Also, remember how frequencies change as a result of conjugation, ring strain, and
other factors.

Strengths and Limitations of Infrared Spectroscopy The most useful aspect of
infrared spectroscopy is its ability to identify functional groups. IR does not provide
much information about the carbon skeleton or the alkyl groups in the compound,
however. These aspects of the structure are more easily determined by NMR, as we
will see in Chapter 13. Even an expert spectroscopist can rarely determine a structure
based only on the IR spectrum.

Ambiguities often arise in the interpretation of IR spectra. For example, a strong
absorption at might arise from an amide, an isolated double bond, a con-
jugated ketone, a conjugated aldehyde, or a conjugated carboxylic acid. Familiarity
with other regions of the spectrum usually enables us to determine which of these
functional groups is present. In some cases, we cannot be entirely certain of the func-
tional group without additional information, usually provided by other types of
spectroscopy.

Infrared spectroscopy can provide conclusive proof that two compounds are either
the same or different. The peaks in the fingerprint region depend on complex vibra-
tions involving the entire molecule, and it is highly improbable for any two compounds
(except enantiomers) to have precisely the same infrared spectrum.

To summarize, an infrared spectrum is valuable in three ways:
1. It indicates the functional groups in the compound.
2. It shows the absence of other functional groups that would give strong absorp-

tions if they were present.
3. It can confirm the identity of a compound by comparison with a known sample.

1680 cm-1

Problem-solving Hint

Table 12-2 provides the numbers
but not the understanding and
practice needed to work most IR
problems. Learn to use the material
in this table, then practice doing
problems until you feel confident.

3300 alcohol always broad
may be broad, sharp, or broad with spikes
always sharp, usually strong

just below 3000 cm–1

just below 2200 cm–1

just above 2200 cm–1

esters higher, about 1735 cm–1

conjugation lowers frequency
amides lower, about 1650 cm–1

conjugation lowers frequency
aromatic C     C about 1600 cm–1

stronger than C     C 

ketones, acids about 1710 cm–1

aldehydes about 1725 cm–1

just above 3000 cm–1

very broad

amine, amide
alkyne

alkane

acid

alkene

alkyne
nitrile

carbonyl

alkene

imine

stronger than C     C (see above) amide

Ethers, esters, and alcohols also show C     O stretching between 1000 and 1200 cm–1.
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Frequency (cm–1) Functional Group Comments

TABLE 12-2 Summary of IR Stretching Frequencies



	
  

572 CHAPTER 13 Nuclear Magnetic Resonance Spectroscopy

Vinyl and Aromatic Protons Table 13-3 shows that double bonds and aromatic rings
produce large deshielding effects on their vinyl and aromatic protons. These deshield-
ing effects result from the same type of circulation of electrons that normally shields
nuclei from the magnetic field. In benzene and its derivatives, the aromatic ring of
pi bonding electrons acts as a conductor, and the external magnetic field induces a ring
current (Figure 13-10). At the center of the ring, the induced field acts to oppose the
external field. These induced field lines curve around, however, and on the edge of the
ring the induced field adds to the external field. As a result, the aromatic protons are
strongly deshielded, resulting in a large chemical shift. Benzene absorbs at and
most aromatic protons absorb in the range of to 

The benzene molecule is not always lined up in the position shown in Figure 13-10.
Because benzene is constantly tumbling in the solution, the chemical shift observed for
its protons is an average of all the possible orientations. If we could hold a benzene
molecule in the position shown in Figure 13-10, its protons would absorb at a field even

d8.d7
d7.2,

TABLE 13-3 Typical Values of Chemical Shifts

R     CH2       X
(X = halogen, O)

0.9

1.3

1.4

2.1

2.5

3–4

5–6

1.7

7.2

2.3

9–10

10–12

variable, about 2–5

variable, about 4–7

variable, about 1.5–4

Note: These values are approximate, as all chemical shifts are affected by neighboring substituents. The 
numbers given here assume that alkyl groups are the only other substituents present. A more complete 
table of chemical shifts appears in Appendix 1.
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O
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FIGURE 13-10

Aromatic ring current. The induced
magnetic field of the circulating
aromatic electrons opposes the
applied magnetic field along the axis
of the ring. The aromatic hydrogens
are on the equator of the ring, where
the induced field lines curve around
and reinforce the applied field.

Problem-solving Hint

Table 13-3 provides the numbers
but not the understanding and
practice needed to work most NMR
problems. Learn the material in this
table, then practice doing problems
until you feel confident.


