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1. Introduction

The noncentrosymmetric superconductors have attracted
attention due to their unique superconducting properties caused by
the Rashba-type antisymmetric spin-orbit coupling which leads to
amixing of the spin-singlet and spin-triplet states [1]. Since the first
heavy fermion noncentrosymmetric superconductor CePt3Si was
discovered [2], a lot of similar systems have been found (e.g., Ulr;
see the review [3] and references therein). The noncentrosymmet-
ric AMX3 compounds (A =Ca, Ba alkaline- or Ce rare-earth metals,
M = transition metal, X =Si, Ge) represent a separate class of these
materials. The majority of these systems are the cerium compounds
[3] which are antiferromagnetic and become superconducting only
under pressure. However, a few non-cerium compounds were
reported recently: BaPtSis [4], CalrSis [5,6] and CaPtSiz [6] which
are superconducting at ambient pressure. The superconducting
transition temperatures T, for the latter compounds take the values
of 2.25K, 3.7K and 2.3 K, respectively. In the current paper, elec-
tronic and structural properties of CalrSi3 and CaPtSis are calculated
within the density functional framework (cf. [7] and references
therein).

2. Method of calculations

The density functional calculations were done with the use of three different
ab inito codes: elk-1.0.0 (FP-LAPW method) [8], Quantum-Espresso package (pseu-
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dopotentials, QE package) [9,10] and FPLO-9 [7,11,12]. The first one was used to
calculate the electronic structure with and without the spin-orbit interaction (SOI).
It was treated in a perturbative approach within GGA with PBE exchange-correlation
functional [13]. The second code was applied to evaluate the structural parameters of
both compounds. Band calculations using the full-potential relativistic local-orbital
(FPLO-9) method within the local-density approximation (LDA) [14,15] have also
been performed. The exchange correlation potential was taken in the form pro-
posed by Perdew and Wang [14]. The self-consistent calculations were carried out
on a k mesh of 1210 k points in each direction of the Brillouin zone. The calculations
were performed fully relativistically including the relativistic effect of the spin-orbit
coupling for the values of lattice parameters listed in Table 1. The spin-orbit calcula-
tions with both perturbation and fully relativistic approach gives similar results. All
data presented in figures comes from the elk code (perturbative approach to SOI).

The structural optimization calculations were performed by the QE-package
using ultrasoft pseudopotentials [16,17] with kinetic energy and charge density cut-
off of 50 Ry and 500 Ry, respectively, and the 16 x 16 x 16 k point mesh. For structural
optimization both LDA [15] and GGA [13] were used, since it is well known that the
former approximation underestimates the lattice constant and cohesive energies
and the latter one overestimates these parameters. Experimental structural data for
CalrSi; were used as initial parameters to obtain crystallographic data for CaPtSis
by the Broyden-Fletcher-Goldfarb-Shanno (BFGS) optimization method [18]. This is
justified by the fact that Ir and Pt have similar atomic radii and masses and that their
experimental lattice constants differ by less than 0.03 A and 0.06 A along the a and ¢
axis, respectively. To our knowledge, experimental data for the atomic positions in
CaPtSi; have not been published yet.

3. Results and discussion

The results of the structure optimization are summarized in
Table 1. As expected, the crystallographic data for CalrSiz obtained
in different approximations are under- (LDA) and over-estimated
(GGA), but the mean values are in reasonable agreement with
experiment. The differences between the mean values of the LDA
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Table 1

Lattice parameters, fractional coordinates and interatomic distances of CalrSiz and
CaPtSi; from LDA and GGA calculations. Fractional coordinates for tetragonal [4 mm
space group are: Ca (0,0,0), Ir or Pt (0,0,z), Si(1) (0,0,z) and Si(2) (0, 0.5,z); only the z
parameter is given in the table. In the last column, the arithmetic mean of the data
obtained from both LDA and GGA calculations are presented. Experimental data are
taken from [6].

Lattice parameters [A] Experiment LDA GGA Mean
CalrSis
a 4.18327(2) 4.159 4214 4.186
c 9.87278(7) 9.779 9.909 9.844
Interatomic distances [A]
Ir-Si(1) 2.3396(1) 2.329 2.365 2.347
Ir-Si(2) 2.3674(1) 2.352 2.384 2.368
Si(1)-Si(2) 2.5669(1) 2.542 2.571 2.557
Ca-Si(1) 3.0897(1) 3.074 3.115 3.094
Ca-Si(2) 3.1687(1) 3.141 3.180 3.161
Ca-Ir 3.2931(1) 3.273 3317 3.295
Fractional coordinate
Ir 0.64666(15) 0.6469 0.6469 0.6469
Si(1) 0.40975(29) 0.4087 0.4082 0.4085
Si(2) 0.25886(18) 0.2593 0.2595 0.2594
CaPtSis
a 4.209 4.200 4.266 4233
c 9.816 9.751 9.884 9.817
Interatomic distances [A]
Pt-Si(1) - 2.357 2.400 2.379
Pt-Si(2) - 2.393 2432 2412
Si(1)-Si(2) - 2.507 2.538 2.523
Ca-Si(1) - 3.126 3.178 3.152
Ca-Si(2) - 3.149 3.338 3.244
Ca-Pt - 3.275 3.326 3.300
Fractional coordinate
Pt - 0.6444 0.6445 0.6444
Si(1) - 0.4026 0.4017 0.4022
Si(2) - 0.2621 0.2626 0.2623

and GGA data and the experimental lattice constants in the case of
CalrSi; amount to 0.003 A and —0.029 A for a and c lattice param-
eters, respectively. The corresponding differences in the case of
the interatomic distances take values from —0.01 A (Si(1)-Si(2)) to
less than 0.001 A (Ir-Si(2)). Similarly, the mean lattice constants
of CaPtSi3 obtained in the same way are in agreement with experi-
mental data (differences amount to 0.024 A and 0.001 A for the aand
c lattice parameters, respectively) [6]. The calculated interatomic
distances for CaPtSi; need an experimental verification. Those
mean parameters represented the starting point for the calcula-
tions of the electronic structure of CaPtSis. Figs. 1 and 2 show the
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Fig. 1. Total density of states for CalrSiz (upper panel) and CaPtSi; with (dashed
line) and without (solid line) spin-orbit interaction (SOI).
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Fig. 2. Total and projected density of states for CalrSi; (upper panel) and CaPtSis.

electronic density of states (DOS) for both systems near the Fermi
level obtained by the elk-1.0.0 code. In Fig. 1, the total density of
states with and without spin-orbit interaction (SOI) is shown. Near
the Fermi energy (Eg), there are no visible differences in the range
of —0.1 to 0.2 Ha in either compound. The main difference appears
between —0.25Ha and —0.23 Ha and is related to the splitting of
the Ir/Pt d states due to the SOI. The Ir d states lie slightly closer
to the Fermi level than the Pt d states. The values of the total DOS
with (without) SOI at Eg are N(Eg)=1.81 (1.80) states/eV for CalrSis
and 1.43 (1.43) states/eV for CaPtSi3. From the full-relativistic FPLO
calculations these values amount to 1.93 and 1.38 states/eV, respec-
tively. It can be compared with the same quantity for BaPtSi3: 1.64
(1.60) states/eV [4]. On the basis of the Sommerfeld expansion one
can calculate the coefficient y determining the electronic contribu-
tion to the specific heat. Its values are y =4.3 (4.6) mJ/(mol K?) for
CalrSisz and 3.4 (3.3) mJ/(mol K2) for CaPtSis (in the parentheses the
data obtained from full-relativistic calculations are given), which
are also comparable to those for BaPtSis (3.8 mJ/(mol K?) [4]). This
is caused by the fact that in all these compounds the main contribu-
tion to DOS at Er comes from the Si p-states (see Fig. 2). However,
for CalrSis the contribution from the Ir d-states is also significant,
which is reflected in the higher value of N(Eg) as well as in the
specific heat coefficient. Due to the fact that the masses of the Ir
and Pt atoms do not differ much, according to the BCS theory the
higher value of N(Eg) is responsible for a higher T, in CalrSis. The
contributions from the Pt d states in CaPtSi3 are lower. The contri-
butions from the Ca p states in CalrSi3 are almost negligible. Our
results are in a reasonable agreement with the experimental data:
y=5.8 mJ/(mol K?) and 4.0 mJ/(mol K?) [6] for the normal state. In
Figs.3 and 4, the band structures are presented for both compounds.
The bands near the Fermi energy are split into two groups due to
the spin-orbit interaction, the values of this splitting at the I"-point
amount to 0.37 eV for CalrSi3 and 0.25 eV for CaPtSis. These values
are lower than that for BaPtSi3 (~0.5eV) [4]. In CalrSi3 there are
three sets of bands crossing the Fermi level: one set in the direc-
tions I'-X, I'-Pand I"-N (Fig. 3a) and the other two in the direction
X-TI" (Fig. 3b). On the other hand, for CaPtSi; there are two such
sets: one crossing the Fermi level in the same way as for CalrSi3 and
the second one crossing it in the I"-P and I"-N directions. A simi-
lar situation appears in BaPtSis. Yet, another similarity to BaPtSis is
thatin neither compound the bands cross the Fermilevel in the I'-Z
direction. The splitting of the bands crossing the Fermi level is small.
Again, similarly as in BaPtSis, visible splitting appears in the I'-P
and I'-N directions. Those similarities and differences are reflected
inrather complex structures of the Fermi surface of the investigated
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Fig. 3. Band structure of CalrSi; with (solid line) and without (dashed line)
spin-orbit interaction for the experimental crystallographic structure.

compounds (see Figs. 5 and 6). The Fermi surface of CaPtSis is very
similar to that of BaPtSis. The first set of bands crosses the Fermi
level in a similar way in both compounds, so the shape of Fermi
surface is also very similar for both the systems investigated and
for BaPtSis. The second set of bands do not cross the Fermi sur-
face in CalrSis as it does in CaPtSis3, hence the shape of these bands
differ much more. Finally, the third set exceeds slightly the Fermi
level only in CalrSis at the point between X'-I" direction (see band
structure in Fig. 3b), which is visualized in Fig. 5. Due to the small
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Fig. 4. Band structure of CaPtSi3; with (solid line) and without (dashed line)
spin-orbit interaction for the mean lattice parameter from LDA and GGA calcu-
lations.

Fig. 6. The Fermi surface for CaPtSis.

band splitting, the bands in the sets are very similar to each other.
The same fact is also responsible for the similar BCS-like behavior
of the compounds in question [6].

4. Conclusion

To conclude, we have presented the calculations within the den-
sity functional approach of the electronic and structural properties
of two newly discovered noncentrosymmetric superconductors
CalrSi3 and CaPtSis. For the first compound, the calculations were
made with the use of the experimental crystallographic data, for
the second one the crystallographic data were computed on the
basis of the structural optimization method relying on the data for
the first compound. In the latter case, the mean structural param-
eters obtained from both LDA and GGA functionals are in a very
good agreement with the experimental ones for CalrSis. The elec-
tronic structures of both compounds show similarities to that of the
BaPtSis3 discovered earlier [4] and this could explain the fact that
all of them behave in a very similar way [6]. During revision of the



J. Kaczkowski, A. Jezierski / Journal of Alloys and Compounds 509 (2011) 6142-6145 6145

paper we learned that crystallographic data for CaPtSi3 have been
published in updated version of [6]. Our theoretical predictions are
in reasonable agreement with the experimental measurements.
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