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Using the Handbook of Chemistry and Physics or another reference, look up the name of the com-
pound you identified in Part 2 and make a list of its physical properties ( color or appearance, melting
and boiling points, density, optical rotation).

What is a desiccator? What is its function in this experiment?

The infrared spectrum of a compound shows only two strong absorption peaks at about 2900 cm'!
and 1200 cm™. The molecular formula is known to be C,H O. Using the correlation chart and your
knowledge of organic formulas, suggest a structural formula for this compound. What structural
formula would you suggest if the two major absorbances were at 3400 cm! and 2900 cm'?

The y-axis of the IR spectrum is labeled % transmittance and is the ratio of two quantities. What are
the two quantities?

The spectrometer automatically subtracts the “background” absorption before printing the spectrum
of a sample. What is meant by the term background? Why is it important that background absorp-
tion be subtracted?

Since NaCl salt plates are casily damaged by water they cannot be used with any aqueous solutions.
You might suggest avoiding this problem by using glass plates instead. Could you think of a reason
why this might not be a satisfactory solution?

This experiment is intended to introduce you to the technique of obtaining and interpreting the IR
spectra of neat liquids. List a practical application to which you think IR spectroscopy could be
suited. Consider industry, product development, research, etc. Use your imagination!

Each of the spectra obtained using the procedure for neat liquids between salt plates shows a sharp
decrease in transmittance around 500 cm. This feature is not observed when running spectra of a
solid like plastic films which may be inserted into the spectrometer directly. To what do you think this
phenomenon might be attributable?

The wavenumbers recorded on the IR spectrum are defined as reciprocal centimeters (cm™). This is

actually the reciprocal of the wavelength (in cm) of the radiation. If the range of wavenumbers on
our spectrum range from 4000 cm™ to 400 cm, what are the corresponding wavelengths in cm? In

y P g P 8 g

nm?

A carbon-carbon triple bond exhibits a medium absorbance between 2250 cm! and 2100 e due to
stretching between the carbon atoms, Referring to the correlation chart, at what frequency
(wavenumber) does a carbon-carbon double bond absorb? Based on your knowledge of relative bond
strengths, how would you explain this?
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IR Spectra of Liquids:

A Neat Procedure
Last Revised: 23 January 1993

Introduction

Obtaining the infrared (IR) spectra of pure organic liquids is a relatively simple procedure. Unlike solid samples
which must be ground up and dissolved, or suspended in oil, liquids may be analyzed directly without adding
a solvent or making other sample preparations. The liquid sample is held in position sandwiched between two
flat sodium chloride crystals called salt plates. These transparent salt plates may then be placed into a holder
and inserted into the spectrometer for analysis. Such a liquid, analyzed pure in the absence of a solvent, is
referred to as “neat”. Using neat samples offers several benefits. It is a relatively simple procedure because it
involves minimal handling and no dissolving or mixing. This is an advantage because the spectrum of interest
may be obtained without peaks from other compounds which would absorb radiation, complicating interpre-
tation. Additionally, there are no solvent effects. Solvent effects are interactions such as hydrogen bonding or
other intermolecular interactions between solvent and the sample which alter the vibrational characteristics of
the sample molecules.

The usefulness of a compound’s IR spectrum lies in the fact that radiation in the IR region of the electromag-
netic spectrum is absotbed by various arrangements of atoms in molecules. Neatly every group of atoms ab-
sorbs a characteristic energy. The magnitude of the encrgy and the degree to which it is absorbed depends on
the specific atoms and the way they are bonded together in the molecule. Factors such as atomic weights, bond
strengths, bond lengths, and molecular polarities influence the energies at which molecules absorb radiation.
When the frequency of the infrared radiation matches the natural vibrational frequency (energy) ofa particular
arrangement of atoms, sorne of that encrgy is absorbed. These specific arrangements of atoms in molecules are
called functional groups. Knowledge of the functional groups are key to the chemist’s determination of the
family of compounds to which an organic compound might belong. This knowledge is one piece in the puzzle
of identifying an unknown substance.

Objective

This activity will familiarize you with the operation of the infrared spectrometer and the techniques employed
in obtaining the spectra of neat organic liquids. You will identify possible functional groups present in IR
spectra and identify an unknown liquid by obtaining its IR spectrum and comparing it to those of known

samples.

. Look up neat in the dictionary. Copy the definition of neat as it pertains to a liquid. What are two

advantages of using neat samples?

2. What equations describe the relationship between frequency, energy and wavelength of electromag-
netic radiation? Compare infrared radiation to visible light in terms of frequency, energy of photons
and wavelength.

3. What is a functional group? Name three functional groups and write the gencral formula for each.

4. List two reasons why it is important to wear gloves when handling organic liquids and salt plates.

5. Acetic acid is a liquid organic acid that can be derived from ethyl alcohol. Vinegar is a solution of

about 5% acetic acid in water. Why would you not attempt to make an IR spectrum of this aqueous

solution using the methods employed for the liquids in this experiment?
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Materials

* Infrared spectrometer

¢ Desiccator

* NaCl plates and holder
* Liquid unknowns

* 19 Spectra of known liquids

¢ Sets of unknown liquid spectra

*  Kimwipes®

*  Latex gloves

*  Cleaning solvent (dichloromethane or trichlorotrifluoroethane)
* ‘Transparent overlay for wavenumber determination

Procedure

This procedure is divided into two parts. In the first part, you will examine the IR spectra of several compounds
in order to pick out similarities and differences among them. In the second part, you will record the IR spec-
trum of an unknown organic liquid, identify and name the functional groups which you feel are present, and
then try to identify the compound. Reading through the entire lab before you proceed will prove helpful.

ParTI

Get a sct of four IR spectra from your instructor. These ate actual spectra of real organic compounds. Each of
the compounds will show characteristic absorption bands, called peaks, in its spectra. Each peak is representa-
tive of a specific functional group present in the molecule. Each of the spectra will exhibit one or two functional
groups. Characterize each of the four spectra of your group by identifying and listing the specific wavenumbers
at which the predominant peak occurs. Begin at the high end of the spectrum (4000 cm-1 ) and list the
wavenumbers in order of decteasing energy. Enter your data into a table for each spectrum like the example
shown below.

*  Spectrum Number:

Qualitatively evaluate the intensity of each peak and classify it as strong (s), medium (m), or weak (w). Use a
calibrated transparent overlay to locate the exact value of the wavenumber for each absorbance peak. Then refer
to the correlation chart in Appendix II. The correlation chart lists many common functional groups, the ener-
gies at which they absorb, and the average intensity. Use the correlation chart to identify the functional groups
which you think might be present in each of the four spectra. Locate the closest match for each of the wavenumbers
you selected and write down the corresponding functional group in your data table. Use the guidelines given
under the Analysis section to help you analyze your spectra and formulate your conclusions.
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ParT 2

In this part of the procedure, you will place an unknown liquid between two sodium chloride disks (called salt
plates) and record its IR spectrum. Before you get started, take heed of two important notes pertaining to the
handling of the salt plates. First, the plates are fragile and easily scratched. Each one is cut from a large crystal
and then polished. Avoid rubbing them with anything as abrasive as a paper towel when cleaning or handling
them. Use a Kimwipe® or other tissuc provided by your instructor. While the salt plates ae fragile, they should
not break unless you accidentally drop or crunch them in their holder. Just be careful and enjoy the procedure.

Second, the salt plates must be kept dry. They are hygroscopic and will easily absorb moisture from your
fingertips and water vapor from the air. This will cause them to become pitted and foggy in appearance. Once
fogged, the plates will not transmit radiation efficiently and they will retain traces of liquids that come in
contact with them. For these reasons they should only be handled with gloves and they will be kept in a
desiccator when not in use.

Before you go any further,
PUT ON GLOVES AND GOGGLES!

Now get a Part 2 unknown liquid in a sample bottle. Your compound will be one of tweney-four compounds,
whose spectra will be available for you to examine. Record the infrared spectrum of your unknown using the
procedure demonstrated and described below.

Take two salt plates and lay them on a flat, dry, absorbent surface. Add 2 or 3 drops of your unknown liquid to
the middle of the surface of one of the plates. Then lay the second plate over the first in a manner to spread the
liquid over the entire surface between the plates, squeezing out any air bubbles. Be gentle. You do not have to
press. Wipe off any excess liquid oozing from between the plates with a Kimwipe® and secure the plates in the

sample holder as pictured below.
Cover Hold
\ e , 5 \
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-2 Drops of Sample Sample Sandwiched Plates
on the Face of One Plate Between Two Plates Slip in

Plates Mounted
in Holder
When you ate finished, carefully take the salt plates apart, wipe off the liquid sample, and clean the plates with
the solvent provided. Remember: use Kimwipes®, not paper towels, and keep your gloves and goggles until
you are completely finished. Most organic liquids, especially the solvent you are using to clean the plates, can
be absorbed through your skin. If directed by your instructor, you may have to do your clean-up in the hood.

Using a data table like the one you used in Part 1, identify the spectral characteristics of your unknown by
listing the frequencies and intensities of the absorbance peaks justlike you did in Part 1 following the guidelines
described under Analysis. Then use the correlation chart to identify the functional groups you think are present
by comparing the wavenumbers of the peaks on your spectrum to those listed on the chat. Lastly, try to
determine the identity of your sample by comparing your spectrum with the standard spectra on display.
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Analysis

Interpreting IR spectra is a difficult task and takes a lot of practice. Be patient with yourself. The important
thing here is to see how the spectra are obtained and interpreted. Do not expect to become an expert your first
time through this!

Think of an IR spectrum as a graph. The y-axis is labeled % transmittance and represents the ratio of the
intensity of radiation passing out of a sample versus the intensity of the radiation going into the sample. There
are no units because it is a ratio of two quantities with the same units. The scale on the x-axis has units of
wavenumbers. A wavenumber is proportional to the frequency and, therefore, the energy. It is obtained by
taking the reciprocal of the wavelength (in cm) of the radiation. It can therefore be referred to as reciprocal
centimeters or cm’,

Begin identifying the functional groups present in the spectrum of your unknown compound by dividing the
spectrum into two regions. The left side of the spectrum, from 4000 cm™ to 1500 cm™ is called the functional
group region. It is especially useful for picking out the functional groups because almost every functional group
has a characteristic absorption in this region. The right side of the spectrum, below 1500 cm, is called the
fingerprint region. While this region is usually more complicated and difficult to interpret, each compound has
its own unique absorption there. Peaks in this region are due to the entire molecule rather than individual
functional groups. No two molecules have the same fingerprint. Two alcohols, for example, might have nearly
identical absorption at 3500 cm™ with strong broad peaks, indistinguishable from one another. But they would
have a different pattern of peaks in the fingerprint region which would enable you to distinguish the spectrum
of one from the other. Concentrate on the left side of your spectra for the primary identification of functional
groups. Use the fingerprint region for confirmation purposes.

Finally, do not attempt to acrach significance to each and every peak you see in your spectrum, The key to
obtaining the information you want from your spectrum is to look for the most predominant peaks. There are
a variety of variations in absorbances due to many factors. The presence of more than one functional group will
often cause absorption peaks to shift a little to the left or to the right from where the correlation chart says it
should occur. Molecular interactions, like those between polar molecules, may cause an absorption peak to
appear weaker or stronger than it might otherwise be.

One last note. The absorbances that your spectrum does not contain may be just as important as the ones that
it does contain. Some functional groups exhibit more than one singular peak, so before you make a final
conclusion, go back and check your results. From a chemist’s point of view, it is just as important to know what
an unknown substance is NOT as to know what it IS.

Follow-Up Questions
1. Complete the data tables for the four spectra which you examined in Part 1, List the wavenumbers in
otder of decreasing energy for each spectrum in your group, then refer to the correlation chart. Locate
cach of the wavenumbers you listed in your table and write down the corresponding functional
group. Lastly, refer to Appendix I and locate the names fos the compounds in your group. Match each
of the names listed to the spectrum to which you think it belongs.

2. ‘Write the molecular formula and complete the structural formula for each of the compounds in your
group.
3. 'Write down the identification number of the compound whose spectrum you recorded in Part 2 and

complete the table, listing the functional groups you think ate present. Compare the spectrum you
obtained to those of the known samples, and determine the identity of your unknown compound.





