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The electronic band structure of UPdAs; is calculated using full potential linearized augmented plane wave

implemented in the WIEN2k code.

Calculations were started with the exchange-correlation potential in the

form proposed by Perdew, Burke and Ernzerhof (PBE). We additionally studied PBE+U approach with the
Coulomb repulsion energies U applied to the uranium 5f orbital and varying from 0 to 4 eV. PBE4+OP with
orbital polarization term was one more tested approach. To reproduce magnetic sequence + + —— a doubled in
c axis supercell is built. Initial magnetic moments on inequivalent uranium atoms are assumed to be opposite.
The antiferromagnetic ground state is confirmed by comparison of total energies calculated for various magnetic
configurations. Results of PBE4+U(1.0 ¢V)+J(0.5 ¢V) and PBE+OP approaches are in the best agreement with
the neutron scattering measurements of magnetic moments. The calculated total magnetic moment on uranium

atoms is predicted to be equal to 1.47 ug.

PACS: 71.20.-b, 75.25.-j

1. Introduction

UPdAs; [1] together with UNiAs, [2, 3], UCuAs, [4]
and UCoAs; [5] belongs to a group of arsenides ternaries
UTAss which is a part of a wider pnictides family UTXy
(where X = P, As, Sb, Bi) [6, 7]. The wide range of prop-
erties in these ternary compounds is related to uranium
5 f-electrons, which show an intermediate character be-
tween the localized 4 f and itinerant 3d-electrons system.
Less significant are d-electrons from the transition metal
T and p-electrons from a pnictogen X.

The crystallographic and magnetic data of UPdAss
compound were reported by Murasik et al. [1]. Prelimi-
nary magnetic measurements have shown that compound
orders antiferromagnetically below 240 K. A subject of
the neutron diffraction studies was a polycrystalline sam-
ple. It has been shown that magnetic moments are ori-
ented along the ¢ axis and localized on uranium atoms.
Measurements at 8.7 K yield to 1.69 £ 0.05 up with se-
quence ++ —— [1, 7]. Previously, band structure for the
isostructural UCoAs, and UNiAs, were reported [8, 9].
In this paper, we present the results of ab initio elec-
tronic structure calculations designed to reproduce the
magnetic properties of UPdAss compound.

2. Details of calculations

To construct crystal structure we used experimental
lattice parameters (a = 3.973(1) A, ¢ = 9.480(3) A) and
Wyckoff positions [1]. To reproduce the sequence of mag-
netic moments orientation + + —— a supercell doubled
along c axis was built and the uranium atoms positions
were split into two nonequivalent types Ul and U2 (see
Fig. 1 and Table I). A space group of the supercell has
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Fig. 1.
UPdASz.

The crystallographic and magnetic structure of

TABLE I
The atomic positions of UPdAsy. The antiferromag-
netic supercell based on the experimental crystallo-
graphic data [1].

Atom T y z
U1 (2c¢) 0.25 0.25 0.36875
U2 (2¢) 0.25 0.25 0.86875
Pd1 (2b) 0.25 0.75 0.5
Pd2 (2a) 0.25 0.75 0.0
Asl (2¢) 0.25 0.25 0.59135
As2 (2¢) 0.25 0.25 0.09135
As3 (4f) 0.25 0.75 0.25

not changed and remained P4/nmm. The antiferromag-
netic solution was not assumed in advance. Seven in-
equivalent atoms forming the supercell were treated as
separate types. The magnetic sequence + + —— were
initiated by setting opposite signs of an initial spin split-
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ting on uranium atoms. It allowed the system to reach
an antiferromagnetically ordered ground state.

We used the full-potential linearized augmented plane-
-wave (FP-LAPW) method as implemented in the
WIEN2k code [10] within the generalized gradient ap-
proximation (GGA) for the exchange-correlation poten-
tial in the Perdew, Burke, Ernzerhof form (PBE) [11].
Relativistic effects were included with the second vari-
ational treatment of spin—orbit coupling. Calculations
were performed for 612 k-points in the irreducible wedge
of the Brillouin zone (33 X 33 X 7 mesh) and a plane
wave cut-off parameter of RKyax = 8. The total energy
convergence criterion was 107 Ry.

Two approaches: the PBE+U (introduced by Anisi-
mov et al. [12] for LSDA (local spin density approxima-
tion)) and so-called orbital polarization (OP) term (as
proposed by Brooks [13] and Eriksson et al. [14]) were
used for a better description of strong correlations and
to lower discrepancy between calculated and experimen-
tal magnetic moments.

3. Results and discussion

The spin polarized calculations were performed for
various initial spin splitting configurations. Solutions
for ferro- and antiferromagnetic configurations were ob-
tained. The latter one was more stable by about 0.01 eV
per formula unit.

TABLE II

The spin, orbital and total local magnetic moments p
[#B] on Ul atom. The magnetic moments on U2 atom
are exactly opposite.

Method s 1% Htot
PBE 1.27 —1.81 —0.54
PBE+U(1 eV)+J(0.5 eV) | 1.59 | —3.06 —1.47
PBE+OP 1.51 —2.98 —1.47
Exp. [1] 1.69(5)

The experimental value of magnetic moment on ura-
nium atoms (1.69(5) wp) is known from the neutron
diffraction experiment [1]. PBE approach gives under-
estimated value 0.54 pup/U atom (see Table II). Two se-
ries of calculations within the PBE+U approach were
performed to improve the description of 5f electrons.
On-site Coulomb energy U was varied from 0 to 4 eV
for the exchange interaction term J equal to 0 and
0.5 eV (see Fig. 2). In best agreement with experiment
is magnetic moment calculated for approach PBE+U
with values U = 1 eV, J = 0.5 eV. The PBE+OP for-
malism also improves results which are very similar to
PBE+U(1 €V)+J(0.5 €V) and in good agreement with
the neutron diffraction measurements (see Fig. 2).

Figures 3 and 4 present calculated densities of elec-
tronic states (DOS). The spin projected DOS plots of
U(5f) electrons are collected in Fig. 3. The PBE+U
procedure causes shift of occupied U(5f) states to
higher binding energies and unoccupied towards ener-
gies above the Fermi level (Er). DOS’s obtained for
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Fig. 2. Spin (red), orbital (green) and total (black)

magnetic moments p [up] on uranium atom for UPdAs;
depending on on-site repulsion U for two values of J.
Graph on the left for J = 0 eV, graph on the right
for J = 0.5 eV. Blue line for experimental value
1.69(5) ps [1].
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Fig. 3. Spin projected partial densities of states for

uranium (U1) 5f-electrons of UPdAs, compound calcu-
lated without and with orbital polarization corrections
(PBE+OP) and using the PBE+U formalism. Solid
blue curves for the majority spin and dashed red curves
for the minority spin.

PBE+U(1.0 eV)+J(0.5 €V) and PBE+OP approaches
are similar. Presented in Fig. 4 total DOS for
PBE+U(1.0 eV)+J(0.5 €V) are mainly a superposition
of Pd(4d) and U(5f) states. Just above Ew a pseudo-
gap is created. For PBE+OP Ey is located inside the
pseudogap (see Fig. 3) from which comes a large reduc-
tion of calculated Sommerfeld specific heat coefficient ()
presented in Table III. Unfortunately, to our best knowl-
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4. Summary and conclusions

20~ UPdAs, TOTAL 7
- 7 In this paper we have presented results of the ab ini-
10— m tio band structure calculations for the UPdAss; com-
AL A pound. The FP-LAPW method was used within the
- 087‘ I ' L PBE, PBE+U, and PBE+OP formalism. The spin po-
5w | larized calculations reproduced an antiferromagnetic so-
; oL _ lution with local magnetic moments on uranium atoms.
£ L i A good agreement with an experimental result was ob-
£ ool _— ‘ '-ff‘y tained applying PBE+U(1 €V)+.J(0.5 eV) and PBE+OP
- - formalisms.
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