




The position of the NMR signal is measured relative to 
the signal produced by TMS tetramethylsilane Si(CH3)4
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1H NMR spectrum of ethanal 



All the protons are in the same 
chemical environment therefore it 
gives a strong single peak. 
It is non-toxic and unreactive (does 
not interfere with sample).
It absorbs upfield, away from most 
other protons.
It is volatile (has a low boiling point) 
so can easily be removed from the 
sample.





In a high resolution 1H NMR spectrum, what looked like 
single peaks in the low resolution spectrum are split into 
clusters of peaks.

low resolution 1H NMR spectrum high resolution 1H NMR spectrum 



The number of peaks tells us about the number of protons 
attached to the adjacent carbon atom(s).

The number of peaks is one more than the number of 
hydrogens (protons) attached to the adjacent carbon(s).

Number of 
adjacent protons

Number of 
peaks

Type of 
splitting

Relative intensities 
of peaks

0 1 singlet 1

1 2 doublet 1    1

2 3 triplet 1    2    1 

3 4 quartet 1    3     3    1   
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The area under each peak is proportional to 
the number of protons in that chemical 
environment. 
The heights of the integrated trace can be 
used to obtain the ratio of the number of 
protons in each environment. 
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X-ray crystallography can used to identify the bond 
lengths and bond angles of crystalline compounds. 

X-rays are shot through a 
crystal of the atom. 
The crystal causes the X-
ray to diffract in a pattern 
based on their lattice 
structure. 
The result is a diffraction 
pattern.





Deduce the structure of an unknown compound, X, 
which has the molecular formula C3H6O2. 

The determination of the structure of an unknown 
compound usually involves combining the 
information from different analytical techniques. 



Peak A: O-H carboxylic acids (with hydrogen bonding)
Peak B: C=O aldehydes, ketones, carboxylic acids, esters
Peak C: C-O alcohols, esters, ethers



m/z = 74: C2H5COOH+ (mass of molecular ion)
m/z = 45: COOH+ (loss of CH3CH2) 
m/z = 29: C2H5

+ (loss of COOH)
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Three main clusters of peaks shows 
there are three different chemical 
environments that contain protons. 
Ratio of protons = 1:2:3

triplet
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