
















Exchange phenomena 



Factors influencing coupling constant “J” 

Number of bonds intervening between nuclei is important, since the  

coupling is transmitted via the electrons. Direct coupling 13C- 1H is a 

 one bond coupling.  

3J  varies from 0 to 12 Hz  

2J varies from 10-18 Hz 



Factors influencing geminal coupling 

• The electronegativity of an attached 
substituent alters the value of geminal 
coupling. In CH2-X, the gem coupling will range 
from 12 to 9 Hz as the electronegativity of X is 
increased. 



Factors influencing vicinal coupling 

Electronegativity of attached substituents alters the value of  

vicinal coupling. The more electronegative the substituent, the smaller  

the value of Jvic. In ethane  J  = 8 Hz; halogen substituted ethane it is 

lowered  

to 6-7 Hz.   

 
Karplus equation 

When ф  is between 0 ° and 90 °; Jvic = 8.5 cos2  ф - 0.28  

When ф  is between 90 ° and 180 °; Jvic = 9.5 cos2  ф - 0.28  





Diaxial protons have coupling constants around 10-13 Hz 













CW NMR  

Continuous Wave (CW) method operates by exciting the nuclei under 

observation one at a time. In case of  1H nuclei each distinct  type is excited 

individually and NMR is recorded independently of all others.  

Alternative approach adopted in modern NMR instruments is to use a powerful 

And short burst of energy called a pulse that excites all of the magnetic nuclei in  

the molecule simultaneously. Pulse actually contains a range of frequencies centered 

 about the fundamental frequency. 

FT NMR  





When the pulse is discontinued, the excited nuclei begin to lose their excitation  

energy and return to the original spin state or relax. As each excited nucleus relaxes,  

it emits electromagnetic radiation. Molecule consists of many different nuclei, many 

different frequencies of electromagnetic radiation are emitted simultaneously.  

This emission is called a free induction (FID) decay.  



Conversion of time domain signal to frequency domain, which is the format for a 

CW instrument is  called Fourier transform (FT). FT is a mathematical operation  

which breaks the FID into separate sine or cosine wave components. Best  

signal/noise ratio can be achieved by pulsed FT technique. 

Second order effects on spectra 

In the AX2 case of 1,1,2 trichloro ethane only five lines appear 

as predicted by first order rules.   



• If the chemical shift values of A and X are 
closer together, the spectrum is non first order 
(AB2); altogether nine lines may appear. 
Precise appearance of the spectrum depends 
on the ratio of Δϒ/J. 





2D-NMR, COSY 
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COSY Spectrum 
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