
NMR part 4 

 

Benzene/cyclic structures  

With cyclic structures, the main thing you need to be able to do is work out the number of different 
hydrogen environments. The best way to do this is to look for symmetry. The line of symmetry line is 
between carbons 2 and 5. 

 

 

 

 

 

 

✓ All the carbons (2,4,5, and 6) are CH2’s in this molecule. These molecules are usually drawn in the 
skeletal format as above. 

 

Environments 

There are 3 environments. Carbon 2 is different from the rest (between two O’s). Carbons 4 and 6 are the 
same (next to an O). And carbon 5 is different from the others as it is not next to an O. 

 

Splitting 

Carbon 2 has no adjacent hydrogens therefore it has a single peak (no splitting). 

 

Carbons 4 and 6 are split by carbon 5 (CH2), giving a triplet. 

 

Carbon 5 has 2 x CH2 groups next to it (4 and 6), therefore it will be split into 5. 

 

This is exactly what you would do for benzene structures too. Just remember that benzene carbons are 
all CH’s unless there are groups substituted on the ring (no H’s on the carbon where the substituted 
group is attached to). 

 

13Carbon NMR  

If you can do the proton NMR then this will be a breeze.  

There is no splitting, so every peak is a single peak.  

All you have to do is identify what peak might be from which group. So you can use your data booklet a 
lot more for this. 

 

✓ 13C is only 1.1% of carbon therefore it is very unlikely that 13C atoms will interact with each other, 
which results in no splitting.  

symmetry 



 

 

 

 

 

 

 

 

 

 

✓ the scale is much larger than for 1H NMR. It goes up to > 200 ppm. 

 

Remember we are now looking at carbon environments, not hydrogen. So all carbons have to be 
accounted for, even those without any hydrogens.  

 

✓ identifying carbons without any hydrogens is the big advantage over 1H NMR. 

 

 

 

 

 

 

In the spectrum above, there are 4 regions. The peak at 210 ppm must be from a carbon with no 
hydrogens, so something like a C=O.  

 

The group of peaks between 20-40 ppm are from CH3’s or CH2’s probably. The peak at 20 ppm is double 
the height of the others so it is likely to be two identical carbons, probably 2 x CH3.  

 

✓ it is much easier to look at peak heights with 13C as the peaks tend to be sharp single peaks. 
 

Remember it is 2 x C and nothing to do with hydrogens, we just say CH3, CH2 etc. to distinguish between 
different groups. 

 

The 13C spectrum is not as useful as the 1H due to the lack of splitting. If given the 1H and 13C spectra, I 
usually ignore the 13C except for C=O peaks. Everything else you can get from the 1H spectrum. 

 

You won’t see peak ratios in 13C spectra. But the lack of splitting allows us to be able to compare peak 
heights rather than looking at peak ratios as they are all sharp peaks. It is still not perfect, but if a peak 
appears twice the height of another then it probably has twice as many carbons. 

CH3 groups will be the lowest on the scale around 20 ppm.  

Aromatic carbons are at around 140 ppm. 

Quaternary carbons i.e. no H’s on it, such as a carbonyl are at around 200 ppm. 



Benzene patterns 

Di-substituted benzenes have come up a lot in questions and there are only a few possible structures. 

 

In the benzene region you are looking for symmetry. You can see that is symmetrical 
down the middle between carbons 1 and 4. 

 

This means that carbons 1 and 4 attached to the CH3 groups are the same and the 
other 4 benzene carbons 2,3,5 and 6 are all the same.  

 

So the benzene part has 2 peaks it the 13C NMR spectrum. We would also have one peak for both the CH3 
groups, as they are identical. 

 

 

Again look for symmetry. It’s a line drawn between the 2 CH3’s at  

positions 1 and 2. The 2 benzene carbons at 1 and 2 are identical.  

The carbons at 3 and 6 are also identical, and 4 and 5 at the bottom are identical. 

 

This gives 3 benzene peaks in the spectrum. Again, we would have one peak for the CH3’s, giving 4 in 

total. 

 

Symmetry is through the carbons at position 2 and 5. The 2 carbons attached at 1 and 3 

are the same. The carbon at 2 is on its own.  

The two carbons at 4 and 6 are identical and the final two at the bottom are identical. 

This gives 4 benzene peaks plus the peak for the CH3’s = 5 in total. 

 

Mono-substituted 

Sometimes they throw in the occasional mono-substituted example. We just use a similar theory. 

  

  The carbon at position 1 is different to all the others.  

The carbons at 2 and 6 are identical, positions 3 and 5 are identical and the carbon at 

4 is different to all the others. 

 

This gives 4 benzene peaks in the spectrum. The CH2CH3 group at the top will give another 2 peaks 

making 6 in total. 



✓ In 2018, they decided to be clever and change the molecules slightly by making them not symmetrical. 

The end result is that the carbons are all different. 
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