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Ab-initio calculations of UPd2Cd20 – density functional theory 

We consider here the issue why the valence fluctuating state is not more common among uranium 
compounds. In rare earths, it appears when the hybridization of the f-states with the conduction electron 
states is weak but not entirely negligible. Somewhat stronger hybridization would lead to a conven-
tional band state with a non-integer f-states occupancy. Such a regime, which is generic in systems 
based on Ce, Yb or on other so-called anomalous rare earths, is rather unusual in light actinides, where 
the tendency to 5f delocalization is much stronger.  

The valence fluctuating state is inherently a multi-reference state and as such it cannot be predicted 
or characterized by conventional density-functional theory (DFT) calculations. It is nevertheless pos-
sible to use DFT to estimate the general bonding situation, which sets the stage on which the exotic 
phenomena can develop. To this end, we performed DFT calculations at the experimental volume, 
using Wien2k package [1] that implements the linearized augmented plane-wave method and its ex-
tensions, and combines a scalar-relativistic description with the spin-orbit coupling. We used the spin-
polarized local density approximation (LSDA) for the exchange-correlation functional. The parameters 
determining the accuracy of the DFT calculations were: the radii of the atomic (muffin-tin) spheres 
were RMT(U) = 3.0 aB and RMT(Pd) = RMT(Cd) = 2.6 aB, the basis-set cutoff Kmax was defined with 
RMT × Kmax = 8.0, and the Brillouin zone was sampled on a k-point mesh 11 × 11 × 11. The default 
Wien2k basis set with local orbitals for semi-core states U 6s, 6p, Pd 4p and Cd 4p was used. 

 The results, seen in Fig. S1, reveal a magnetic ground state (a colinear ferromagnetic ordering was 
considered for simplicity – the local electronic structure at the uranium atom probed by the absorption 
spectroscopies we discuss will be quite similar in the ferromagnetic and antiferromagnetic states). The 
U-5f states, concentrated into a rather narrow band near the Fermi level, have a filling n5f = 2.7. The 
exchange splitting yields the spin moment of 1.1 per U atom and the antiparallel orbital moment of 3.9 
per U atom when the moments are determined from the integrals of the electron density over the ura-
nium atomic sphere. Both spin-up and spin-down 5f sub-bands are only about 1 eV wide and weakly 
hybridized with the Pd-4d states, concentrated around 3 eV below the Fermi level, as well as with the 
Cd-4d states, located as deep as 8 to 10 eV below EF. In general, this is the situation in which incipient 
5f localization can be expected. 

The 5f band width of 1 eV deduced from LSDA (Fig. S1) is contributed to by the hybridization as 
well as by the Zeeman-like splitting of the 5f shell caused by the exchange field. To isolate only the 



hybridization-induced band width, we performed spin-restricted (non-magnetic) LDA calculation. The 
corresponding 5f DOS (shown also in Fig. S1) consists of well separated 5f5/2 and 5f7/2 peaks in this 
case, both having their band width smaller than 0.5 eV, resembling the 4f bands in rare-earth com-
pounds. 

Finally, we show the unoccupied part of the U 6d5/2 density of states from the LSDA calculation, 
which represents an approximation to the L3-edge absorption spectrum (Fig. S2). The line shape ob-
tained by the appropriate broadening of this DOS due to a finite instrument resolution (Gaussian with 
0.9 eV of full width at half maximum) and due to a finite lifetime of the 3d5/2 core hole remaining in 
the final state of the HERFD measurement (Lorentzian with 3.3 eV of full width at half maximum [2]) 
is indeed close to the shape of the two components obtained by fitting the experimental spectra (Fig. 2).   

 

 
FIG S1. Orbital-resolved density of states of UPd2Cd20 obtained by LSDA calculation 
(thick lines) and by LDA calculation (filled curve). The Cd 4d DOS is reduced ten times 
to allow plotting at the same scale. Positive DOS values correspond to the majority-spin 
states, negative values to the minority-spin states.  

 
FIG S2. Uranium 6d5/2 density of states from the LSDA calculation (green) and the ap-
propriately broadened unoccupied part of this DOS (violet) approximating the U L3 ab-
sorption spectrum.  
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