CHM 414
Infrared Spectrometry – Part 1

Infrared spectrometry is a particularly useful analytical tool used primarily for qualitative analysis.  IR is used primarily for functional group identification in conjunction with other analytical/instrumental methods for the identification of molecules.  The Infrared region of the spectrum picks up where the visible ends extending from approximately 770nm to about 1000(m (12,900 to 10 cm-1).  IR spectra are usually presented as a plot of absorbance or transmittance versus wavenumber (cm-1).  Please be sure to set the acquisition to absorbance in the experimental setup portion of the instrument’s program.

The Infrared region is broken into three distinct categories, and the instrumental design varies according to the region of the spectrum.  The regions are (1) the near IR region which extends from 770nm ( 2.5(m or 12,900 ( 4000cm-1, (2) the mid-IR region which extends from 2.5 ( 50(m or 4000 ( 200cm-1 and (3) the far-IR region which extends from 50 ( 100(m or 200 ( 10cm-1. Most IR instruments (and the ones you will use in this experiment) that you will encounter are mid-IR.

The resulting IR spectrum tends to be very complex with many bands that correspond to the numerous transitions, overtones, sum and difference bands. While complete assignment of every band may not be possible due to the large number of possibilities, having such a complex spectrum can be used for identification especially if spectral matching is an option available on your system.  Spectral matching allows the computer to search a database of collected spectra and based upon the peaks present in your sample spectrum the computer will offer possible identification of you molecules based upon the goodness of the match.

Infrared photons lack sufficient energy to cause transitions between electronic energy levels (i.e. S0 ( Sn) as seen in UV-Vis spectroscopy.  Infrared photons can however induce vibrational and rotational response within a molecule.  Nearly all molecules with the exception of homonuclear diatomics absorb IR light. As dictated by quantum mechanics, in order for a molecule to absorb IR radiation, the molecule must undergo a net change in its dipole moment as a result of the vibration.  This requirement is satisfied when a bond with a permanent dipole moment vibrates.  Homonuclear diatomics (e.g. O2, N2) undergo no net dipole moment change upon vibration and as such they do not absorb IR radiation.

The vibrational motion of molecules is often modeled by invoking two masses connected by a spring and employing Hooke’s Law to explain this motion.  Here the masses represent two atoms, while the spring represents the vibrating bond connecting the atoms.  The use of the spring and mass model to represent vibrational motion of atoms and bonds applies only for small vibrational amplitudes due to the fact that the mass and spring model exhibits continuous harmonic motion, while atoms attached by bond exhibits quantized anharmonic motion.  We can however borrow from classical mechanics and employ a very simple calculation that gives the frequency (v) of oscillation for two masses (m1 and m2) connected by a spring with a force constant k. 
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Where v is wavenumber, k is the force constant (N.m-1), ( is the reduced mass calculated as shown above.  Here the masses are expressed in kg.

The IR spectrum is typically broken into two regions, (1) the group frequency region (4000 ( 1300 cm-1) and (2) the fingerprint region below 1300cm-1.  In the group frequency region, there are characteristic stretches that correspond to a specific group, e.g. the C=O, O-H, N-H, C=C stretches.  In the fingerprint region, the absorption is more reflective of the molecule as a whole.  You should note however, that while group frequencies are typically independent of the molecule as a whole, the position of the band may well be influenced by what is attached to the group.  For example, the carbonyl stretch is a very distinct and characteristic stretch within the IR spectrum.  However, dependent upon the nature of the group attached to that carbonyl (an –OH in carboxylic acid, NH2 in an amide, and –H in an aldehyde) the position of the carbonyl band will change from the calculated/expected. 
In this experiment you will be given a series of similar compounds that will vary only by the identity of the functional group attached.  First you will calculate the expected region that a particular vibration motion should occur for a functional group.  You will then try to assign the identity of each compound based upon the observed stretch within the IR spectrum, paying particular attention to the group frequency region of the spectrum.  
Experimental:
1. Using the force constants provided by your TA, you are to calculate the expected vibrational frequencies requested. You can do this now or after the lab.

2. The TA will instruct you on the proper use of the particular IR system that you are using.

3. Acquire the first series of compounds from the TA.  This series of simple molecules will differ only with respect to the functional group attached. You will attempt to assign identity to these compounds by matching as closely the observed peaks with the calculated frequencies above.  The possibilities are as follows:
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4. The second series of compounds are a little trickier. Here you will be given a series of carbonyl containing compounds. However, different functional groups will be attached to the carbonyl, e.g. COOH, COH, CONH2, etc.  The position of the bands will now vary because of the attached groups. You are to attempt to identify these compounds based on the position of the peaks and offer a valid explanation for your assignment.  Some possible compounds are as follows:
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5. Before leaving, you are to acquire a spectrum of your hair.  Simply yank a strand from your hair or clip a strand. Place the strand on the ATR crystal directly and acquire the spectrum. Try to identify as many prominent bands as possible in the spectrum.

6. Save all of you data to a disk or flash drive.
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