
An NMR Spectrometer 

NMR nuclei from isotopes of many other elements as well: 
2H, 10B, 11B, 14N, 15N, 17O, 19F, 23Na, 29Si, 31P, 35Cl, 113Cd, 
195Pt	
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α-spin states β-spin states 

absorb ΔE 

release ΔE 

Signals detected by NMR 



The energy difference between the two spin states 
depends on the strength of the magnetic field 

900 MHz NMR Spectrometer 

900MHz, 21.2 T NMR Magnet at HWB-NMR, 
Birmingham, UK being loaded with a sample	



Nuclear Shielding 
and 

1H Chemical Shifts 

The electrons surrounding a nucleus affect the effective 
magnetic field sensed by the nucleus 
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Chemical Shift: 

The common scale for chemical shifts = δ  (ppm) 

δ = 
distance downfield from TMS (Hz) 

operating frequency of the spectrometer (MHz) 

Effects of Molecular Structure 
on 

1H Chemical Shifts 

 protons in different environments experience different
 degrees of shielding and have different chemical

 shifts 

The chemical shift is independent of the operating  
frequency of the spectrometer 

Electron withdrawal produces NMR signals downfield 
higher frequency (larger δ values) 

F- = 4.50 ppm vs. I- = 3.20 ppm 



Question 

•  Which proton is most shielded? 
•   A)  CHCl3 
•   B)  CH2Cl2 
•   C)  CHBr3 
•   D)  CBr4 

Question  

•  Select the most shielded proton in 1,1,2
-trichlorobutane.  

•   A)  1 
•   B)  2 
•   C)  3 
•   D)  4 

 



Diamagnetic Anisotropy 
The π electrons are less tightly held by the nuclei than 
are σ electrons; they are more free to move in response 
to a magnetic field 

Causes unusual chemical shifts for hydrogen bonded to 
carbons that form π bonds 

 

 

Question 

•  Assign the chemical shifts δ 1.6, 
•   δ 2.2, and δ 4.8 to the appropriate

 protons of methylene cyclopentane.  
•   A)  x = 1.6;   y = 2.2;   z = 4.8 
•   B)  x = 4.8;   y = 1.6;   z = 2.2 
•   C)  x = 1.6;   y = 4.8;   z = 2.2 
•   D)  x = 2.2;   y = 1.6;   z = 4.8 

Question 

•  Assign the chemical shifts δ1.1, 
•   δ2.4, and δ9.7 to the appropriate

 protons of propanal.  
•   A)  x = 2.4;   y = 1.1;   z = 9.7 
•   B)  x = 1.1;   y = 9.7;   z = 2.4 
•   C)  x = 9.7;   y = 2.4;   z = 1.1 
•   D)  x = 1.1;   y = 2.4;   z = 9.7 



Characteristic Values of  
Chemical Shifts 



1H NMR spectrum / Integration  
1-bromo-2,2-dimethylpropane 

The area under each signal is proportional to the number 
of protons that give rise to that signal. 

The height of each integration step is proportional to the 
area under a specific signal. 

The integration tells us the relative number of protons 
that give rise to each signal, not absolute number. 

Integration 
1H NMR spectrum / Integration  

1-bromo-2,2-dimethylpropane 

Question 


