Chapter 8

An Introduction to Optical Atomic Spectroscopy

•
Three techniques (methods) included in optical atomic spectroscopy:

1)
atomic absorption spectroscopy

2)
atomic emission spectroscopy

3)
atomic fluorescence spectroscopy

•
In order to perform optical atomic spectroscopy, atoms of the analyte must first be formed, usually in the form of an atomic vapor.

Atomization -
The process by which a sample is converted to an atomic vapor.

Atomizer -
A device used to convert a sample to an atomic vapor.

Three types of atomizers:

1)
flame atomizer

2)
electrothermal atomizer

3)
plasma atomizer

I.
Theory of Optical Atomic Spectroscopy

A.
Energy Level Diagrams
•
Atomic spectra consist of discrete lines that arise from the transition of electrons between energy level (orbitals).

Energy Level Diagrams for Atoms with One Valence Electron
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Figure 8-5 Energy level diagram for thallium showing
the source of two fluorescence lines.




•
Every atom has a unique energy level diagram and a unique atomic spectrum.
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Energy Level Diagrams for Atoms with Two Valence Electrons
•
The number of energy levels increases with an increasing number of valence electrons and the atomic spectra become increasingly complex, especially for transition metals.

•
An excited triplet state can occur with two valence electrons due to parallel or unparallel spinning of the valence electrons.

•
The singlet excited state occurs when the two valence electron spins are opposed to one another (unparallel or paired).

•
The triplet excited state occurs when the two valence electron spins are in the same direction (parallel or unpaired). The unpaired spinning of the two electrons results in splitting of the 3p orbital of Mg into three slightly different energies (i.e. triplet state).
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Figure 8-3 Spin orientations in singlet ground and excited states and triplet excited
state.




•
Note that only certain radiation producing transitions will occur. Some transitions are “forbidden”.

Example:
3s (  3p  (  4s  will occur, but  3s  (  4s  will not occur.

The allowed transitions follow selection rules that permit prediction of transitions that will occur.

B.
Types of Optical Atomic Spectra

1)
Atomic emission spectra

•
Atoms are promoted into the excited state by some source of heat (flame or electrothermal)

•
The spectrum is produced by the detection of photons emitted by the sample as it relaxes back to the ground state.

•
There are two types of lines observed in emission spectra:

a)
Resonance lines -
Result from the relaxation of an electron from an excited state to the ground state.

b)
Nonresonance lines -
Result from the relaxation of an electron from an excited state to another excited state. (e.g. In the Na° spectrum the relaxation of an electron from 4s to 3p)

2)
Atomic absorption spectra

•
The spectra result from the atomized sample absorbing photons of radiation of the appropriate energy (wavelength).

•
Resonance absorption lines are the most prevalent observed since few of the atoms are in the excited state. (e.g. 3s ( 4p in Na°)

3)
Atomic fluorescence spectra

•
The atoms are promoted to the excited state by a beam of EM radiation. 
•
Resonance fluorescence lines are the most important when fluorescence is used for quantitative analysis.
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Figure 8-6 Profile of an atomic line showing definition
of the effective line width A\y>.



•
Radiationless transitions can occur resulting in a Stoke’s Shift (longer  fluorescence line).

II.
Atomic Line Widths

•
Theoretically, atomic spectra should contain lines corresponding to wavelength of the energy transitions in the atom that have a line width of zero. In reality, the lines are broadened due to a number of factors and will have a finite width.

•
Narrow line widths are crucial in atomic spectroscopy to reduce the possibility of overlapping lines in the spectra.

•
The effective line width (1/2) is defined as the peak width in wavelength when measured at half height of the maximum signal. 
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Major Sources of Line Broadening

A)
Uncertainty Effect

B)
Doppler Effect

C)
Pressure Effect

D)
Electrical or Magnetic Field Effect

A.
Uncertainty Effect

•
Since the lifetimes of the transition states (ground and excited states) of the atoms are finite there is uncertainty in the transition times, due to Heisenberg’s Uncertainty Principle, that lead to line broadening.


[image: image3.wmf]1

>

×

t

D

D

n


Where:

 uncertainty in the frequency (line width)

t lifetime of the excited state

•
So,  varies as a function of t (usually ~10-7 to 10-8 s)

•
In terms of wavelength (), line widths due to uncertainty broadening are usually ~10-4 Å (10-5 nm). Known as natural line width.
B.
Doppler Effect

•
Doppler broadening is due to the motion of atoms in the flame of furnace.
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•
As atoms move towards the detector,  increases and  becomes shorter.

•
As atoms move away from the detector,  decreases and  becomes longer.

•
In a flame, atoms are moving in all directions according to a Maxwell-Boltzmann distribution leading to bell-shaped lines about two orders of magnitude wider than natural line widths (10-2 Å or 10-3 nm).

C.
Pressure Effect

•
Pressure broadening arises from collisions between atoms in the flame or furnace that result in slight changes in the ground state energies.

•
Line widths due to pressure broadening are two to three orders of magnitude greater than natural line widths (10-2 Å to 10-1 Å).
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