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FIG 1. Schematic representation of 

all-electron mixed-basis method. The 

one-electron wavefunction is expanded in 

terms of both nucleus-centered 

wavefunctions within the core region and 

plane waves outside the atomic spheres. 

In the AEMB forlnalism there are a number of parameters, which must be selected with care. Some 
parameters, such as the cutoff energy of the PW expansion of the potential are important for 
accurately computing the forces and thus affect the final geometry, but turn out to be rather 
unimportant for the hyperfine parameters (HFP'S) when the correct geometry is used. Accurate forces 
were obtained with a potential cutoff energy of about 1000 eV for all elements considered with a 
single exception. 
For hyd~rogen a higher value of 1500 to 2000 eV is required. Among the HFP's, it turns out that the 
isotropic (Fermi contact) HFP is far more sensitive to the choice of parameters than the anisotropic 
HFP's. Therefore, we shall focus on the effect of computational parameters on the Fermi 
contact~interaction. The atomic orbitals (AO's) used for expanding the one-electron Kohn-Sham 
wavefunctions are obtained from non~spin polarized atomic calculations. Generally, we select the 
ground state electronic occupation numbers for the atomic calculation. However, for ions we have 
found that more rapidly converging results are obtained if the AO's are derived from an atomic 
calculation with electronic occupation numbers that mimic the ion. Thus, for n-positive ions belonging 
to group 11 of the periodic table we selected a non'ground state electronic configuration with n outer s 
electron and n outer p (25Mg+) or d (43Ca+) electron. The outer p or d atomic orbital can be retained in 
the mixed-basis expansion for the wavefunctions but this has little effect on the computed HFP's. For 
the single atom and single ion calculations we selected a rather large atonj:ic sphere size with a radius 
of 3 A. Using this rather large size allowed optimal use of the AO's for the more extended outer s like 
states which benefits the accurate computation of the Fermi contact-interaction. Other important 
parameters are supercell size and plane wave (PW) cutoff energy for the expansion of the 
wavefunctions. 

Figure -~'-a indicates the convergence of the calculated Fermi contact-interaction of the 7Li atom with 
respect, to supercell size. The cutoff energy for the PW expansion of the wavefunctions is 9-00 eV. A 
supercell size of 12 A gives converged results that are in excellent agreement with experiment [4]. 
The supercell size plays an important role for atomic ?Li because of the spatial range of the 2s 
wavefunction. For small supercells, the tails of the 2s wavefunctions overlap with neighboring cells 
which in turn affects the Is wavefunction. For other atomic calculations the 12 A has appeared 
sufflciently large also to assure convergence of the Fermi contact'interaction. Spatially extended 
clusters require larger supercell sizes, and a 1_Q A separation distance is a guideline. 
Figure 9--b shows the dependence of the Felnni contact-interaction of 7Li sample on the cutoff energy of 
the PW expansion of the wavefunctions. Clearly, the PW cutoff energy plays a minor role when 
compared to the supercell size. It appears that at a cutoff energy of 200 eV the wavefunctions are 
described with sufficient accuracy provided that the supercell is at least 12 A. For large-scale 
calculations, where resources must be used most efficiently, it is likely that an even lower PW cutoff 
energy suffices. 
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FIG 2. Conxputecl Fermi contact interaction for atomic 7Li (a) as a function of supercell size, Ieft 
picture and (b) as a function of the cut~off energy of the wavefunction plane wave expansion at 
supercell sizes of 6, 8, 10 and 12 A (diamonds, squares, circles and triangles in the right paneD. Lines 
are guide to the eye only. The expelimental values (solid line) is from Ref. 4. 
Figure 3 shows the radial representation of the spin density in real space in the vicinity of the nucleus 
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radial part of the carbon 2s orbital as obtained directly from an AEMB calculation and as 
reconstructed using AEPP as well as the corresponding pseudo-wave obtained from a pseudopotential 
calculation. The figure clearly shows excellent agreement between the reconstructed _2s orbital with 
the corresponding AEMB orbital. In fact the lines are essentially indistinguishable. 
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FIG 5. Radial part of _9s orbital, 1~~~7s(1)1~ obtained directly from 
 an all-electron mixed･basis calculation, AEMB (solid line), as 

obtained from reconstructing the pseudo wavefunctions 

(dotted line) and as obtained from corresponding ultrasoft 

pseudopotential calculation, USPP (dashed line). 
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To further test the accuracy ofAEPP, it has been applied to calculate the contribution of core levels to 
the spin density at the nucleus, p~O), of various elements, including a series of first-row elements and 
3dLtransition metals, in their ground state electronic configurations. The calculated p~O) values along 
wit.h the corresponding AEMB results have been listed in table 4.7 of thesis. 
The table reveals that for first-row elements the reconstructed pg(O) agree very well with the AEMB 
values. The difference between the two metllods for this group of elements is less than 0.5010. For 
3dLtransition metals also, in spite of the different character of the SOMO, a good ag 'eement between 
reconstructed and directly calculated (with AEMB) p~O) values was obtained. The two methods differ 
most when the number of unpaired 3dL~electrons is largest. However, even in the extreme case of Mn, 
with the ma-xl"mum number of unpaired electrons, this difference is still just 4.50/0. 
Interestingly, in both methods, the value of p~O) increases with the increase in the number of 
unpaired electrons. Accordingly, for Zn with fully occupied valence orbitals (3dro4s2), p~O) becomes 
zero, whereas for Mn (3d54s2), the absolute value of p~O) is the largest among the elements considered 
here. 

Furthermore, it turns out that p~O) for elements with non-~like SOMO (e.g. F or Sc) is considerably 
larger than that for s~ike SOMO (e.g. Cu). These are all in accordance with our earlier assumptions 
that the strength of induced core spin polarization depends sensitively on the number and type of 
unpaired electrons in SOMO's [5]. It is to be noted that p~O) is always negative. For the first-row 
elements it can be explained as follows: according to the Pauli exclusion principle, the exchange 
interaction induced by unpaired electrons is attractive but applicable to electrons in the same spin 
channel only [7]. As a result, the core I~electrons of spin majority type are pulled a little outward 
thereby leaving behind a slight depletion of their corresponding charge density at the vicinity of 
nucleus. Thus, the spin density associated with core electrons becomes negative. 
For 3dLtransition metals, a more complicated mechanism is needed for a proper interpretation of the 
negative sign of the core spin densities (see our discussion in section IV!B of Ref. 5) . 
In the thesis, a series of more complicated AEPP calculations have been presented for various 
molecular complexes including the radicals and transition metal complexes. Moreover, a detailed case 
study is devoted to investigate the role of vanadium on the formation and reduction of giant moments 
in PdV alloys doped by Fe iurpurity. For further information, the interested reader is referred to the 
thesis. 
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