Mass Spectrometry and Determining Organic Structures
Mass Spectrometry gives information about the molecular mass of a compound and can also give important structural information if used with other spectroscopic techniques like IR and NMR.  

When organic molecules are put into the mass spec, electrons cause the molecule to ionize forming a molecular ion.  Unlike atoms, though, those whizzing electrons also cause the molecules to break down into smaller pieces.  These pieces can give us structural information about the molecule which can be very useful.   

A mass spectra for a molecule like pentane: CH3CH2CH2CH2CH3 might look like: 


[image: image1]
· From the spectra you can figure out that the molecular mass is about 72 g/mol since this is the largest fragment formed.  (This isn’t always true.  If the molecular ion is unstable than this could be just a fragment.)  
· The other peaks in the spectra are fragments. 


Relative Mass of Common Fragments

The relative molecular weight of common fragments (Mr-X)+ are: 

· (Mr-15)+, which is methyl group (CH3)

· The mass of one carbon and 3 hydrogen atoms add up to 15 amu

· If two peaks differ by 15 units, this is often an indication that the fragments only differ by a methyl group

· (Mr-29)+, which is either C2H5 or CHO 

· If you add up the mass of 2 carbons and 5 hydrogens you get 29 or

· If you add up the mass of 1 carbon, one Hydrogen and one oxygen you get 29

· If you have a peak at 29 you can’t know for sure if it’s C2H5 or CHO unless you’ve also done an Infrared spectra and identified the presence (or lack) of a carbonyl group (C=O)

· (Mr-31)+, CH3O

· (Mr-45)+, COOH

· Fragments that differ by only 1 or 2 mass unit differ by a hydrogen atom or 2.

· Since we know the molecule is pentane, which doesn’t have a carbonyl group, the peak at 29 represents a C2H5+ fragment.   

· The peak at 57 differs from 72 by 15 mass units, so probably the fragment at 57 has lost a methyl group and is the fragment CH3CH2CH2CH2+
· The peak at 43, we kind of have to infer…it has to have less than 4 carbons since the mass of 4 carbons is 48 mass units.  If it’s 3 carbons, it must have 7 Hydrogen atoms to add up to 43 mass units.   Therefore, the fragment is probably CH3CH2CH2+
· The smaller peaks that are only 1 or 2 different from the larger peaks are the same fragments that have lost one or 2 hydrogen atoms. 

Distinguishing between two possible structures: 

Let say you figured out that you have a pentanone molecule but you don’t know on which carbon the carbonyl group is located.   You can use the fragmentation patter from a mass spec to figure it out.  
Let’s say that the spectra gave peaks at 29, 57, and 86

If the carbonyl was on the 2nd carbon: CH3-CO-CH2CH2CH3
Common fragments would be: 

1. CH3CO = Mr-43

2. CH3CH2CH2CO = Mr-71

If the carbonyl was on the 3rd carbon: CH3CH2-CO-CH2CH3
The most common fragment would be: 

1. CH3CH2CHO = Mr-57

Since the peak at 57 matches the peak expected for pentan-3-one, this carbonyl must be on the third carbon. 
What does the height of the peak tell you?

· The height of the peak tells you which fragment is the most stable.  

· This is useful for determining the presence of branched structures.   For example, a tertiary molecular ion would be more stable than a primary ion.
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