Spectrophotometry

Absorbance Spectrum

The extent to which a sample absorbs light depends strongly upon the wavelength of light. For this reason, spectrophotometry is performed using monochromatic light. Monochromatic light is light in which all photons have the same wavelength.

In analyzing a new sample, a chemist first determines the sample's absorbance spectrum. The absorbance spectrum shows how the absorbance of light depends upon the wavelength of the light. The spectrum itself is a plot of absorbance vs wavelength and is characterized by the wavelength (lmax) at which the absorbance is the greatest.

The value of lmax is important for several reasons. This wavelength is characteristic of each compound and provides information on the electronic structure of the analyte. In order to obtain the highest sensitivity and to minimize deviations from Beer's Law (see subsequent pages on this topic), analytical measurements are made using light with a wavelength of lmax.

Beer's Law - Concentration and Absorbance

Beer's Law states that the absorbance, A(w), of a species at a particular wavelength of electromagnetic radiation, w, is proportional to the concentration, c, of the absorbing species and to the length of the path, l, of the electromagnetic radiation through the sample containing the absorbing species.  This can be written in the form: 

A(w) = e(w) l c

The proportionality constant e(w) is called the absorptivity of the species at the wavelength, w. 

[  e(w) is called the molar absorptivity if the concentration is measured in moles/liter. ] 

It is common to use the energy carried by the radiation per unit area per unit time, which is called the intensity, I, to measure of the "amount" of electromagnetic radiation impinging on a surface.  For a partially transparent sample, we can consider the fraction of the intensity that is permitted to pass through the sample as a measure of the transmittance of the sample.  In fact, we define the percent transmittance, %T , of a sample in terms of the intensity of the light incident on the sample, I0 , and the light transmitted through the sample, Itas: 

                                        %T = 100 It / I0 

A completely transparent sample will have It = I0, and its percent transmittance will be, appropriately, 100.  Similarly, a sample which permits no radiation of a particular wavelength to pass through it will have It  = 0, and a corresponding percent transmittance of  0. 

Since the more interesting materials are those that absorb electromagnetic radiation at some frequencies, we define absorbance of light of wavelength w by a sample in terms of the percent transmittance.  Since the amount of radiation absorbed can vary over an extremely wide range, it is useful to define absorbance logarithmically (much the same way as we define pH).  The absorbance of a sample is defined in terms of percent transmission as follows: 

                                        A(w) = log ( 100 / %T ) = 2.000 - log ( %T  )        ( The 2.000 in this expression is simply log10(100) ) 

The absorbance of a sample exhibiting a percent transmittance of 100 (a completely transparent sample) will be 0.  The logarithmic dependence of absorbance means that a sample that absorbs 10 % will have A = 1, 1% transmittance corresponds to A = 2, 0.1% transmittance to A = 3, etc. 

The way in which e(w) depends on wavelength defines the spectrum of the substance in question.  Most substances show a maximum in e(w) over a sufficiently broad wavelength range.  The wavelength at that maximum value is called the analytical wavelength of the substance.  Normally, Beer's law is applied at the analytical wavelength of a given material.  The sensitivity to concentration differences should be largest at that wavelength. 

The experimental procedure for using Beer's Law to measure concentrations generally involves the following: 

1.)    Determine the analytical wavelength of the substance whose concentration is desired, wanal 

Beer's Law - Concentration and Absorbance
Beer's Law states that the absorbance, A(w), of a species at a particular wavelength of electromagnetic radiation, w, is proportional to the concentration, c, of the absorbing species and to the length of the path, l, of the electromagnetic radiation through the sample containing the absorbing species.  This can be written in the form: 

A(w) = e(w) l c
The proportionality constant e(w) is called the absorptivity of the species at the wavelength, w. 
[  e(w) is called the molar absorptivity if the concentration is measured in moles/liter. ] 

It is common to use the energy carried by the radiation per unit area per unit time, which is called the intensity, I, to measure of the "amount" of electromagnetic radiation impinging on a surface.  For a partially transparent sample, we can consider the fraction of the intensity that is permitted to pass through the sample as a measure of the transmittance of the sample.  In fact, we define the percent transmittance, %T , of a sample in terms of the intensity of the light incident on the sample, I0 , and the light transmitted through the sample, Itas: 

                                        %T = 100 It / I0 

A completely transparent sample will have It = I0, and its percent transmittance will be, appropriately, 100.  Similarly, a sample which permits no radiation of a particular wavelength to pass through it will have It  = 0, and a corresponding percent transmittance of  0. 

Since the more interesting materials are those that absorb electromagnetic radiation at some frequencies, we define absorbance of light of wavelength w by a sample in terms of the percent transmittance.  Since the amount of radiation absorbed can vary over an extremely wide range, it is useful to define absorbance logarithmically (much the same way as we define pH).  The absorbance of a sample is defined in terms of percent transmission as follows: 

                                        A(w) = log ( 100 / %T ) = 2.000 - log ( %T  )        ( The 2.000 in this expression is simply log10(100) ) 

The absorbance of a sample exhibiting a percent transmittance of 100 (a completely transparent sample) will be 0.  The logarithmic dependence of absorbance means that a sample that absorbs 10 % will have A = 1, 1% transmittance corresponds to A = 2, 0.1% transmittance to A = 3, etc. 

The way in which e(w) depends on wavelength defines the spectrum of the substance in question.  Most substances show a maximum in e(w) over a sufficiently broad wavelength range.  The wavelength at that maximum value is called the analytical wavelength of the substance.  Normally, Beer's law is applied at the analytical wavelength of a given material.  The sensitivity to concentration differences should be largest at that wavelength. 

The experimental procedure for using Beer's Law to measure concentrations generally involves the following: 

1.)    Determine the analytical wavelength of the substance whose concentration is desired, wanal 

Beer's Law - Concentration and Absorbance
Beer's Law states that the absorbance, A(w), of a species at a particular wavelength of electromagnetic radiation, w, is proportional to the concentration, c, of the absorbing species and to the length of the path, l, of the electromagnetic radiation through the sample containing the absorbing species.  This can be written in the form: 

A(w) = e(w) l c
The proportionality constant e(w) is called the absorptivity of the species at the wavelength, w. 
[  e(w) is called the molar absorptivity if the concentration is measured in moles/liter. ] 

It is common to use the energy carried by the radiation per unit area per unit time, which is called the intensity, I, to measure of the "amount" of electromagnetic radiation impinging on a surface.  For a partially transparent sample, we can consider the fraction of the intensity that is permitted to pass through the sample as a measure of the transmittance of the sample.  In fact, we define the percent transmittance, %T , of a sample in terms of the intensity of the light incident on the sample, I0 , and the light transmitted through the sample, Itas: 

                                        %T = 100 It / I0 

A completely transparent sample will have It = I0, and its percent transmittance will be, appropriately, 100.  Similarly, a sample which permits no radiation of a particular wavelength to pass through it will have It  = 0, and a corresponding percent transmittance of  0. 

Since the more interesting materials are those that absorb electromagnetic radiation at some frequencies, we define absorbance of light of wavelength w by a sample in terms of the percent transmittance.  Since the amount of radiation absorbed can vary over an extremely wide range, it is useful to define absorbance logarithmically (much the same way as we define pH).  The absorbance of a sample is defined in terms of percent transmission as follows: 

                                        A(w) = log ( 100 / %T ) = 2.000 - log ( %T  )        ( The 2.000 in this expression is simply log10(100) ) 

The absorbance of a sample exhibiting a percent transmittance of 100 (a completely transparent sample) will be 0.  The logarithmic dependence of absorbance means that a sample that absorbs 10 % will have A = 1, 1% transmittance corresponds to A = 2, 0.1% transmittance to A = 3, etc. 

The way in which e(w) depends on wavelength defines the spectrum of the substance in question.  Most substances show a maximum in e(w) over a sufficiently broad wavelength range.  The wavelength at that maximum value is called the analytical wavelength of the substance.  Normally, Beer's law is applied at the analytical wavelength of a given material.  The sensitivity to concentration differences should be largest at that wavelength. 

The experimental procedure for using Beer's Law to measure concentrations generally involves the following: 

1.)    Determine the analytical wavelength of the substance whose concentration is desired, wanal 

