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Mass spectrometry does not depend on the absorption of light contrary to the term “spectroscopy”

Instead, a high-energy beam of electrons is used to bombard the sample causing it to break apart into smaller fragments.

The mass of each fragment is measured and this information is used to reconstruct the molecule.

Think about a building that blows up from an explosion.  Analysis of the rubble will identify the original building as a schoolhouse or skyscraper, etc.

1. A low concentration of sample molecules is leaked into the ionization chamber (which is under a very high vacuum).

2. The sample is bombarded by the  electron beam and the molecules fragment.  The fragments are cations.

3. The cations produced are accelerated through a charged analyzing tube. 

4. Ions collide with the Collector which generates an electrical current.

5. The current is amplified to produce a mass spectrum on a chart recorder:
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	The magnetic field is “tuned” to allow different ions through to the detector.

	The path of the charged molecules is bent by an applied magnetic field.
	


Ions with low mass will be deflected most by the magnetic field; high mass ions are deflected a small amount.

Ions with the proper mass-to-charge ratio, however, will follow the path of the analyzer, exit through the slit and collide with the Collector.

By varying the strength of the magnetic field, the mass-to-charge ratio can be continuously varied.
The mass spectrum is an x-y plot of:  abundance vs. mass to charge ratio.

There are several methods used to ionize the sample but we will restrict our discussion to electron impact ionization and magnetic deflection for separating ions.

Physical Experiment

When an electron strikes a neutral molecule, it can remove an electron leaving behind a radical cation:
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For larger molecules, electron impact may fragment the molecule into a mixture of ions and radicals: 
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The radical cation that corresponds to the mass of the original sample is called the molecular ion.

Only the ions (cations) are detected by the instrument.

Radical species do not respond to the magnetic field.

Mass Spectrum

The output of the mass spectrometer shows a plot of relative intensity vs the mass-to-charge ratio (m/e). The peaks are typically very sharp, usually shown as vertical lines:
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· The most intense peak in the spectrum is termed the base peak and all others are reported relative to it's intensity.

· The highest molecular weight peak observed in a spectrum often does represent the parent molecule, minus an electron, and is termed the molecular ion (M+).  But the base peak is not always the molecular ion as shown in the example for ethyl benzene.

· Generally, small peaks are also observed above the calculated molecular weight due to the natural isotopic abundance of 13C, 2H, etc.
The process of fragmentation follows predictable chemical pathways and the ions formed reflect the most stable cations and radical cations.

Consider the ionization of toluene:
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Alcohols-lose water producing an (m-18) peak:
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Alcohols-undergo -cleavage:
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Amines- undergo -cleavage to give resonance-stabilized ions: 
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Ethers undergo -cleavage and loss of alkyl groups:
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Aldehydes and ketones- undergo rearrangement and loss of alkyl groups:
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