


ISOTOPE EFFECTS ON NMR CHEMICAL SHIFTS 
 

OUTLINE 
1. Some empirical observations 
2. Summary of empirical observations 
3.  Probability of finding a molecule at a   
     given nuclear configuration 
4. Dynamic averages : mass dependence 
5. Nuclear shielding surfaces  
 How does shielding change with 
 increasing bond length and bond angle? 
6. Trends in Electronic Factors 
 a. symmetry 
 b. net charge 
 c. number of lone pairs 
 d. bond order 
7. Temperature dependence 
 
 
 
 

























5. NUCLEAR SHIELDING SURFACES 
 
a. How does shielding change with 
 increasing bond length? variation of the  
 derivative (∂σ/∂r) 
b. What is (∂σ/∂r)e i.e., the value at the 
 equilibrium geometry of the molecule? 
c. How does (∂σ/∂r)e change across the 
 Periodic Table? 
d. When scaled, does the variation of 
 (∂σ/∂r)e across the Periodic Table make 
 sense? 
e. Do the different signs of (∂σ/∂r)e make 
 sense in terms of the variation of electron 
 density with increasing internuclear 
 distance?  
 

















6. Trends in Electronic Factors 
How does the shielding derivative (∂σN/∂r) 
(and thus also the isotope shift) change with  
 a. position of N in the Periodic Table 
 b. paramagnetic shielding of nucleus N in 
  the chemical specie 
 c. symmetry at site of nucleus N 
 d. net charge of the chemical specie 
 e. number of lone pairs on atom N 
 f. bond order of the bonds to atom N 
 g. change in pi density at aromatic site  
  remote from atom N 
 
 











EMPIRICAL TREND: 
greater bond order, larger isotope shifts 
 
THEORY: 
 (∂σC/∂rCO)e ppm Å-1

 empirical theoretical* 

CO -456 -573.9 
O=C=O -214, -220 -156.4 
               * GIAO  Chesnut 
 
 
 

SUMMARY OF TRENDS: 
 
 positive        (∂σ/∂r)e            large negative
net charge positive ion neutral negative ion 
lone  
pairs 

0 1 2 

bond  
order 

1 2 3 





7. Temperature dependence of the 
 chemical shift 
a. How the temperature dependence is 
 related to isotope shifts 
b. How to calculate isotope shifts and their 
 temperature dependence 
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