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Understandings: 

1. State that structural identification of compounds involves several different analytical 

techniques including IR, 1HNMR and MS.  

- Scientists combine the techniques we have learnt so far to fully deduce the structural 

formula.  

2. Explain spin-spin coupling in high resolution 1HNMR spectrum.  

- Here we come to the difficult part…We have mentioned the idea of splitting of the peaks. 

In low resolution NMR spectrum this is not visible, while in high resolution spectrum it is 

visible.  

So…why does it split? It splits due to a phenomenon called spin-spin splitting/coupling. 

Essentially, it is when neighboring protons influences the magnetic field to a proton in its 

environment. The neighboring protons can therefore spin in the same direction and increase 

the magnetic field or it can spin in the opposite direction to decrease the magnetic field. 

Both are equally likely.  

In other words, each proton can spin either up or down. This means that we are essentially 

dealing with a probability game of binomial expansion! Ask yourself the question “how many 

different combinations of spin can there be with n number of neighboring protons?” or 

simply combinations of (up + down)n. From binomial theorem, we have learnt Pascal’s 

triangle and this is used here too! 

 

I put some extra time to demonstrate this in terms of spin as well. 

For 2 neighboring protons:  

 

For 3 neighboring protons: 

 

 

YOU SEE THIS MAGIC?! This in turn means that for n number of neighboring protons, we will 

get n+1 number of splits because that is how many unique combinations we get. 
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3. Explain the technique of X-ray crystallography. 

- This is also known as X-ray diffraction.  

It is about sending X-ray radiation on a sample and deducing the structure from the reflected 

radiation. So we send a beam at an angle θ until the waves are either constructive or 

destructive. Then you use mathematics to calculate the distance between the layers! 

We can determine three things: bond length, bond angle and the structure from this.  

 

 

Applications and skills: 

1. Explain the use of tetramethylsilane (TMS) as the reference standard. 

- TMS is the molecule used as a reference with no chemical shift. We use this because: 

1. It has one peak because all hydrogens are in identical chemical environment.  

2. It is inert and has low boiling point (easily separated from other compounds). 

3. Silicon does not absorb same energy as carbon-hydrogen bonds.  

𝐶ℎ𝑒𝑚𝑖𝑐𝑎𝑙 𝑠ℎ𝑖𝑓𝑡 =
𝑆ℎ𝑖𝑓𝑡 𝑖𝑛 𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 𝑡𝑜 𝑇𝑀𝑆

𝐹𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 𝑜𝑓 𝑠𝑝𝑒𝑐𝑡𝑟𝑜𝑚𝑒𝑡𝑒𝑟
∗ 106 

2. Be able to deduce the structure of a compound given information from a range of 

analytical characterization techniques (X-ray crystallography, IR, 1H NMR and MS). 

- Try one example each in your book to test your knowledge!  

TOK: 

1. The intensity ratio of the lines in the high resolution NMR spectrum is given by the 

numbers in Pascal's triangle, a mathematical pattern known independently over a 

thousand years ago by a number of different cultures. Why is mathematics such an 

effective tool in science? Is mathematics the science of patterns?  


