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Identifying Unknowns

Mass spectrometry may be considered to consist of three basic processes:

• Atoms or molecules are bombarded with a stream of high-energy electrons producing positive ions which are accelerated by an electric field.

• The positive ions are separated according to their mass-to-charge (m/z) ratio.

• Ions with a particular mass-to-charge ratio are detected by a device which is capable of recording the number of ions striking it.

The spectrum below was obtained for a sample of hexane:
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1. Draw the displayed structure of hexane. Show all the atoms and bonds.

2. One of the peaks on this spectrum corresponds to a hexane molecule with a single positive charge. This is called the molecular ion  and its mass-to-charge ratio corresponds 
to the molecular mass of the compound. Find this peak and label it M+. 

3. Another peak corresponds to particles which are heavier than the mass of the molecule. This is due to the presence of an atom of 13C (natural abundance 1.1%) in some 
hexane molecules.  Label this peak (M+1). 

4. The remaining peaks are for particles which are lighter than the whole molecule and correspond to fragments formed when covalent bonds are broken. The spectrum of 
hexane shows that fragments are much more common than intact molecular ions. Find the peak corresponding to fragments formed when molecular ions split in half and 
label this peak C3H7

+.  (Only charged particles will be detected so the charge must be shown on any fragments identified on the mass spectrum.)

5. The base peak is due to the most common fragment. In this spectrum it has a mass-to-charge ratio of 57. Suggest a formula for this fragment and label the peak. Make sure 
you include the charge.

6. Try to label the peaks at m/z  15 and 29. Include charges!
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7. Draw the structure of propan-1-ol iand use it to help you label the peaks at m/z 60, 59, 31 and 29. Include charges!

Mass spectrum of propan-1-ol:
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Mass spectrum of propan-2-ol:

8. Draw the structure of propan-2-ol and suggest identities for the fragments causing some of the peaks in the spectrum. 

9. Why are the spectra of these isomers so different?
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Answers

Hexane  2.  M+  peak at m/z  86

  3.  (M+1) at m/z  87

  4.  C
3
H

7
+  at m/z  43

  5.  Base peak is C
4
H

9
+

  6.  CH
3

+  at m/z  15; C
2
H

5
 + at m/z  29

Propan-1-ol 7.  M+  peak at m/z  60

       C
3
H

7
O+  at m/z  59

       CH
3
O+  at m/z  31

       C
2
H

5
 + at m/z  29

Propan-2-ol 9.  Base peak at m/z  45 could be C
2
H

5
O+ formed by loss of CH

3
.


