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5.2: IR -SPECTROSCOPY- THE WORKHORSE

IR-spectroscopy is perhaps the most frequently used technique in the organic chemistry labs at PSU. It is routinely used to identify
products and to verify that an experiment has succeeded. One limitation of IR -spectroscopy that is worth remembering is that
while the data can be used to distinguish clearly between many functional groups, the data is nearly useless for distinguishing
between structural isomers, or characterizing carbon skeletons that contain the same functional groups

An IR -spectrum routinely shows peaks from the range of 3600 to 500 cm™.

IR -frequencies correspond to the frequencies of molecular vibrations. Molecules vibrate at many frequencies, because each
vibration involves a particular group of atoms, and a particular motion such as stretches, bending, wagging etc. The same group of
atoms will often vibrate at the same frequency, regardless of the surrounding molecular structure. This fact enables us to assign
specific peaks to specific functional groups.

There are several useful sources of IR-spectroscopy correlation tables, and a simplified version is supplied here. Although not very
extensive, this table gives you information about the most important functional groups encountered in the organic chemistry labs at
PSU.

Something that is worth noting is that many functional groups undergo two types of vibrations and produce peaks in two or more
areas of the IR- spectrum. In these cases we should look for, and find, all of the peaks expected for the functional group. For
example, if we use the presence of an O-H peak to conclude “alcohol”, we expect to find (and should look for) the presence of a C-
O peak to confirm the conclusion. Likewise, the presence of a C-H sp? peak, must mean that the spectrum contains a C=C peak.
Whenever possible, base our conclusion on all of the relevant data in the spectrum. Do not “cherry pick” your results.

Table 1. Simplified IR spectroscopy correlation table

Bond Absorption [cm-1] Frequency Comments

The peak is usually broader than
most, and its intensity and

O-H 3600-3400 frequency vary with
concentration. If present, also
look for C-O peak.

C-H (spd) 3080-3010 Alkene or benzene. If present,
also look for C=C peak.

If the sample is a DCM-
solution, you will find a very
strong solvent peak here that
obscures any C-H (sp3) peaks
that might be generated by the
target compound.

C-H (sp°) 2960-2820

Vi h teristic. If t
C-H (aldehyde) 2720 and/or 2820 C1Y characterisic. I present,
also look for C=0 peak.
Very characteristic. A large
number of functional groups

i 1 if
E=0 (o) 1750-1680 contain a carbonyl group, so, i
present, also look for other
peaks that might identify the

functional group

C=C 1680-1600 Alkene or benzene.
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Complementary bond in

alcohol, esters and ethers (but

not only those bonds). If an O-H

peak is present, this might

indicate an alcohol or

C-O (alcohol, ester, ether) 1300-1100 carboxylic acid group, while the
presence of a carbonyl peak and
absence of O-H peak can
indicate an ester group. The
absence of both O-H and
carbonyl peaks would indicate

an ether group.
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Figure 5.1. IR spectrum of alcohol starting material.
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Figure 5.2. IR spectrum of stock sample of product ketone.
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In general, it is a good idea to obtain an IR -spectrum of the starting material as well as an IR- spectrum of the product. This allows
for a direct comparison of the two spectra and makes it easier to establish that the starting material is no longer present, and to find
new peaks that might correspond to the product.

The spectra shown below come from an experiment in which a student tried to oxidize a secondary alcohol to a ketone. The top
spectrum belongs to the starting material (alcohol), while the middle spectrum came from an authentic sample of the product. The
bottom spectrum was obtained from a sample of the student’s product.

The student’s spectrum (bottom) contains a C=0 peak at 1747 cm™, but a comparison of this spectrum with the starting material
(top) reveals an alternative interpretation. The starting material’s spectrum has a clear and distinct OH-peak (and the corresponding
C-O peak). The spectrum from the stock sample of product, lacks the OH-peak, but a very characteristic C=0 peak is readily
observed. The IR-spectrum of the student’s product also indicates the presence of the desired ketone (strong C=0 peak), but it also
reveals the same O-H peak found in the starting material’s spectrum.

One logical conclusion from this analysis is that the student’s oxidation has not gone to completion or that the purification has not
been satisfactory.

This is a microcosm of the entirety of IR -analysis: looking for the appearance of disappearance of specific peaks to answer the
question of whether a reaction has worked or not.

100

3623

1466

2961 1747

.
000 000 2000 1589 1000 1o
BAVENUNE [# |

Figure 5.3. Student’s sample of potential product.
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