Chemistry 331

Chapter 16:  Introduction to Infrared Spectroscopy

DEFINITION OF INFRARED SPECTROMETRY

The absorption of light as it passes through a medium varies linearly with the distance the light travels and with concentration of the absorbing medium.  Where a is the absorbance, the Greek lower-case letter epsilon is a characteristic constant for each material at a given wavelength (known as the extinction coefficient or absorption coefficient), c is concentration, and l is the length of the light path, the absorption of light may be expressed by the simple equation a= epsilon times c times l.  The relationship is known as Beer's law or Beer-Lambert's law and is used by chemists and physicists to determine the concentration of a component of a solution.  The absorption of a given wavelength of light of a solution of unknown concentration is compared with the corresponding absorption of a set of solutions of the same component whose concentrations are precisely known.  Using Beer's law, the unknown concentration can be calculated.

Devices that measure light absorption are the colorimeter (usually used only for visible light) and the spectrophotometer (which is able to function at additional wavelengths, including ultraviolet light and infrared radiation).  These instruments are common to most laboratories.

THEORY OF INFRARED ABSORPTION SPECTROMETRY

IR radiation does not have enough energy to induce electronic transitions as seen with UV. 

Absorption of IR is restricted to compounds with small energy differences in the possible 

vibrational and rotational states. 

For a molecule to absorb IR, the vibrations or rotations within a molecule must cause a net change in the dipole moment of the molecule. The alternating electrical field of the radiation (remember that electromagnetic radation consists of an oscillating electrical field and an oscillating magnetic field, perpendicular to each other) interacts with fluctuations in the dipole moment of the molecule. If the frequency of the radiation matches the vibrational frequency of the molecule then radiation will be absorbed, causing a change in the amplitude of molecular vibration. 

Molecular rotations
Rotational transitions are of little use to the spectroscopist. Rotational levels are quantized, and absorption of IR by gases yields line spectra. However, in liquids or solids, these lines broaden into a continuum due to molecular collisions and other interactions. 

Molecular vibrations
The positions of atoms in a molecules are not fixed; they are subject to a number of different vibrations. Vibrations fall into the two main catagories of stretching and bending. 

Stretching: Change in inter-atomic distance along bond axis (SEE website for these adorable animations; http:\\www.shu.ac.uk….)
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Bending: Change in angle between two bonds. There are four types of bend: 

(SEE website for animations!)

· Rocking 

· Scissoring 

· Wagging 

· Twisting 
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Vibrational coupling 

In addition to the vibrations mentioned above, interaction between vibrations can occur (coupling) if the vibrating bonds are joined to a single, central atom. Vibrational coupling is influenced by a number of factors;

· Strong coupling of stretching vibrations occurs when there is a common atom between the two vibrating bonds 

· Coupling of bending vibrations occurs when there is a common bond between vibrating groups 

· Coupling between a stretching vibration and a bending vibration occurs if the stretching bond is one side of an angle varied by bending vibration 

· Coupling is greatest when the coupled groups have approximately equal energies 

· No coupling is seen between groups separated by two or more bonds 

Like in all spectrometries, IR excites the analyte to be studied and gets a measurement of the changes.  These changes can be related to the type of analyte being observed.  The source of this excitation is of course infrared radiation.  The Infrared spectral regions are as follows:

Region
Wavelength Range, um
Wavenumber Range,cm-1
Frequency Range, Hz

Near
0.78-2.5
12800-4000
3.8x1014-1.2x1014

Middle
2.5-50
4000-200
1.2x1014-6.0x1012

Far
50-1000
200-10
6.0x1012-3.0x1011

Most used
2.5-15
4000-610
1.2x1014-2.0x1013

This energy is absorbed in the transitions caused by vibration, and rotation.  

Quantum Treatment of Vibrations


Transitions in vibrational energy levels can be brought about by absorption of radiation, provided the energy of the radiation exactly matches the difference in energy levels between the vibrational quantum states and provided also that the vibration causes a fluctuation in dipole.  


Infrared measurements permit the evaluation of the force constants for various types of chemical bonds.  


Calculate the approximate wavenumber and wavelength of the fundamental absorption peak due to the stretching  vibration of a carbonyl group C=O.

Mass of C is M1 = 12E-3kg/mol / 6E23 atom/mol X 2E-26kg

Mass of O is M2 = 16E-3 / 6E23 = 2.7E-26


And the reduced mass is = 2E-26kg X 2.7E-26kg / (2 + 2.7) X E-26kg





     = 1.1E-26kg

wavenumber = 5.3E-12s/cm(1E3N/m/1.1E-26kg = 1.6E3 1/cm

INFRARED SOURCES AND TRANDUCERS

Sources

1. The Nernst Glower – Rare earth oxides in a cylinder shape.  When electricity is run through it, it results in temperatures between 1200 K and 2200 K.

2. The Globar Source – Silicon carbide rod, has positive coefficient of resistance.

3. Incandescent Wire Source – Tightly wound spiral of nichrome.

4. The Mercury Arc – For far-infrared region of the spectrum

5. The Tungsten Filament Lamp – good for near-infrared region

6. The Carbon Dioxide Laser Source – Good for quantitative work

Transducers

1. Thermal Transducers – Response based upon heating effect of radiation are employed for detection of all but the shortest infrared wavelengths.

2. Thermocouples – A potential develops between two plates of metal, a low-impedance device. 

3. Bolometers – Resistance thermometer made from strips of metal.

4. Pyroelectric Transducers – A crystalline wafer of pyroelectric material that polarizes when an electric field is applied.

5. Photoconducting Transducers – Thin film of a semiconductor material that absorbs radiation.

INFRARED INSTRUMENT

Three main types

1. Dispersive grating spectrophotometers, qualitative.

2. Multiplex instruments, like Fourier transform, for both quantitative and qualitative work.

3. Nondispersive spectrophotometers, quantitative.
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