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1.1: Introduction to Molecular Spectroscopy
Molecular spectroscopy relates to the interactions that occur between molecules and electromagnetic radiation. Electromagnetic
radiation is a form of radiation in which the electric and magnetic fields simultaneously vary. One well known example of
electromagnetic radiation is visible light. Electromagnetic radiation can be characterized by its energy, intensity, frequency and
wavelength. 

What is the relationship between the energy (E) and frequency ( ) of electromagnetic radiation?

The fundamental discoveries of Max Planck, who explained the emission of light by a blackbody radiator, and Albert Einstein, who
explained the observations in the photoelectric effect, led to the realization that the energy of electromagnetic radiation is
proportional to its frequency. The proportionality expression can be converted to an equality through the use of Planck’s constant.

What is the relationship between the energy and wavelength ( ) of electromagnetic radiation?

Using the knowledge that the speed of electromagnetic radiation (c) is the frequency times the wavelength ( ), we can solve
for the frequency and substitute in to the expression above to get the following.

Therefore the energy of electromagnetic radiation is inversely proportional to the wavelength. Long wavelength electromagnetic
radiation will have low energy. Short wavelength electromagnetic radiation will have high energy.

Write the types of radiation observed in the electromagnetic spectrum going from high to low energy. Also include what
types of processes occur in atoms or molecules for each type of radiation.

High E, high , short : -rays – Nuclear energy transitions

 X-rays – Inner-shell electron transitions

 Ultraviolet – Valence electron transitions

 Visible – Valence electron transitions

 Infrared – Molecular vibrations

 Microwaves – Molecular rotations, Electron spin transitions

Low E, low , long : Radiofrequency – Nuclear spin transitions

Atoms and molecules have the ability to absorb or emit electromagnetic radiation. A species absorbing radiation undergoes a
transition from the ground to some higher energy excited state. A species emitting radiation undergoes a transition from a higher
energy excited state to a lower energy state. Spectroscopy in analytical chemistry is used in two primary manners: (1) to identify a
species and (2) to quantify a species.

Identification of a species involves recording the absorption or emission of a species as a function of the frequency or wavelength
to obtain a spectrum (the spectrum is a plot of the absorbance or emission intensity as a function of wavelength). The features in the
spectrum provide a signature for a molecule that may be used for purposes of identification. The more unique the spectrum for a
species, the more useful it is for compound identification. Some spectroscopic methods (e.g., NMR spectroscopy) are especially
useful for compound identification, whereas others provide spectra that are all rather similar and therefore not as useful. Among
methods that provide highly unique spectra, there are some that are readily open to interpretation and structure assignment (e.g.,
NMR spectra), whereas others (e.g., infrared spectroscopy) are less open to interpretation and structure assignment. Since
molecules do exhibit unique infrared spectra, an alternative means of compound identification is to use a computer to compare the
spectrum of the unknown compound to a library of spectra of known compounds and identify the best match. In this case,
identification is only possible if the spectrum of the unknown compound is in the library.

Quantification of a species using a spectroscopic method involves measuring the magnitude of the absorbance or intensity of the
emission and relating that to the concentration. At this point, we will focus on the use of absorbance measurements for
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quantification.

Consider a sample through which you will send radiation of a particular wavelength as shown in Figure . You measure the
power from the radiation source (P ) using a blank solution (a blank is a sample that does not have any of the absorbing species you
wish to measure). You then measure the power of radiation that makes it through the sample (P).

Figure . Block diagram of a spectrophotometer

The ratio P/P  is a measure of how much radiation passed through the sample and is defined as the transmittance (T).

The higher the transmittance, the more similar P is to P . The absorbance (A) is defined as:

The higher the absorbance, the lower the value of P, and the less light that makes it through the sample and to the detector.
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