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The 2008 shift theory in practice	


Juha Vaara, NMR Research Group, Department of Physics	


Goals:	

•  Systematic first-principles electronic structure treatment of the 

pNMR shielding tensor	

•  Generalisation of the contact and dipolar shielding terms of 

McConnell and Chesnut (1958)	

•  Pseudocontact shifts without using the empirical spin 

magnetisability tensor χ	

•  Zero-field splitting effects included a priori, from first principles	
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Sketch of the theory	


[Note: shielding is NOT a second derivative of energy…!]	




3	


Juha Vaara, NMR Research Group, Department of Physics	


Juha Vaara, NMR Research Group, Department of Physics	




4	
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A so far exact expression, further progress requires 
approximations:	

•  Assume 1:1 relationship of pseudospin and real spin	

•  Assume weak spin-orbit coupling	

•  Limit states n to the ground-state manifold	

•  Use the following spin Hamiltonian:	
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               is a symmetric 3 x 3 matrix with	

 	

à in the doublet case:	

	

à in the general case: solve for the eigenstates      and eigenvalues      ���

            of                  	
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 Analysis in terms of the contributions to     and     .	


Contact: 
ranks 0, 2	


Dipolar: 
ranks 0, 2, 1	


Pseudocontact: 
ranks 0, 2, 1	


Anis. contact: 
ranks 0, 2, 1	
Antisymmetric: 

ranks 2, 1	


Theory references:	
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Example case	


S.  A. Rouf, J. Mareš, JV (to be published)	
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Exp: δ = 43.2 ppm	


Isotropic 1H shifts in CoII (S=3/2) systems:	

•  g and D from CASSCF(7,5)/NEVPT2 calculations (Def2-SVP basis)	

•  A and σorb from DFT/PBE calculations	

•  Computations carried out on ORCA 3.0.1 (g, D, A), G09 (σorb)	


S.  A. Rouf, J. Mareš, JV (to be published)	
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Construct G = gTg, diagonalise it, 
take the square root of eigenvalues, 
and convert back to the original 
coordinate frame à effective g:	


The Δg tensor:	


Traceless D tensor:	


Matrix of HZFS = S.D.S in the basis |S,MS> (in a.u., eigenfunctions of S2 ���
                                                                                            and Sz):	
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Energy (in K) vs. magn. field B0:	


Boltzmann weights of the states at 
298 K:	


Examples of the components of the dyadic in the      basis:	


etc.	
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Thermally averaged SS -dyadic:	


Had we (erroneously) neglected ZFS:	


The trace is invariant and, therefore, the dominating isotropic 
shielding terms are not affected!	
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S.  A. Rouf, J. Mareš, JV (to be published)	
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Nonrelativistic hyperfine coupling Acon+dip:	


Contact and dipolar parts, Acon and Adip:	


SO corrections to hyperfine coupling ASO:	


Isotropic, symmetric anisotropic, and 
antisymmetric anisotropic contributions,  

APC, Adip,2, Aas:	
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Total shielding tensor: 	


Contact shielding terms: 	
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Dipolar shielding terms: 	
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Antisymmetric, 	

anisotropic contact, and	

pseudocontact terms: 	
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Isotropic shielding contributions: 	


-10.29	


Orbital part:	

Total: 	


  6.23	

 -4.80	

  0.41	

 -2.49	

  0.00	

  0.18	

  0.07	

  7.32	

-43.97	


 26.59	


Chemical shift wrt. TMS:	


Experiment:	



