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The crystalline structure of ground-state orthorhombic SrRuO, is reproduced by applying the hybrid density
functional theory scheme to the functionals based on the revised generalized-gradient approximations for solid-
state calculations. The amount of Hartree-Fock (HF) exchange energy is varied in the range of 5-20% in order to
systematically ascertain the optimum value of HF mixing which in turn ensures the best correspondence to the ex-
perimental measurements. Such investigation allows one to expand the set of tools that could be used for the efficient
theoretical modelling of, for example, only recently stabilized phases of SrRuO,, helping to resolve issues emerging

for the experimentalists.
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1. Introduction

Strontium ruthenate SrRuO, is a perovskite-struc-
tured conductive ferromagnet which upon heating
undergoes a series of phase transformations: or-

thorhombic (Pbnm) _820K tetragonal (14/mcm)
— 2 5 cubic (Pm3m) [[lfl. Nowadays SrRuO,

fascinates researchers because of its pivotal role of
being a key integrant for fabrication of oxide het-
erostructures and superlattices, which in turn have
the potential to contribute to new functionalities in
electronics and spintronics [ﬁ]. However, by look-
ing back from a 50-year perspective one can find
some 1,000 papers spanning the physics, materials
science, and applications of SrRuO,; in its bulk and
thin-film form, and notice the fact that interest in
this material continuously increases.

A recent observation that pairwise differ-
ences between the results of modern solid-state

codes, based on the density functional theory
(DFT) approaches, are comparable to those be-
tween different high-precision experiments [H]
sheds a new light on the predictive potential of
the first-principles simulations. In our previous
paper [E] , we have carefully benchmarked a bunch
of DFT functionals - including local density ap-
proximation, generalized-gradient approxima-
tions (GGAs), and hybrids - in order to identify
the ones that are the best at reproducing the crys-
talline structure of ground-state orthorhombic
SrRuO,. The importance of such calculations has
recently grown to a new level due to the experi-
mental breakthrough in stabilizing tetragonal and
monoclinic phases of SrRuO, at room tempera-
ture — the lack of the precision while determining
the exact space-group symmetry for these stabi-
lized systems [E] paves the way to exploit the pre-
dictive power of DFT simulations. But in order to
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take advantage of it, firstly one has to be aware of
the functionals that could potentially lead to pre-
cise reproduction of various crystalline structures
of SrRuO,. Our observations, based on the di-
rect comparison to the low-temperature experi-
mental data of orthorhombic symmetry, indicate
that a hybrid scheme combined with the GGAs
revised for solids is the most appropriate tool for
the accurate description of the external (lattice
constants and volume) and internal (tilting and
rotation angles together with internal angles and
bond distances of RuO, octahedra) structural pa-
rameters simultaneously. However, the amount
of Hartree-Fock (HF) exchange energy smaller
than the standard 25% should be preferred, most
likely 16% as in BIWC [E] or so. Having said that,
we find it important to extend our previous study
by investigating the influence of HF exchange in
the range of 5-20% and thus to determine in a sys-
tematic fashion the best option for SrRuO,. What
is more, our goal is to include all three revised
GGA:s for solids, namely, PBEsol [ﬁ], SOGGA [E],
and WC [H], instead of focusing on a single one
of them. By doing so, we expand the suitable set
of tools for the efficient theoretical modelling of
SrRuO, and also demonstrate how it can be em-
ployed to clarify the issues raised by researchers
in the laboratory, like in the work of Vailion-

is et al. [E].
2. Computational details

In this work, the ferromagnetic phases of SrRuO,
were simulated using the CRYSTAL14 code []
which employs a linear combination of atom-cen-
tered Gaussian orbitals. The small-core Hay—-Wadt
pseudopotentials [@] were utilized to describe
the inner-shell electrons (1s*2s*2p®3s*3p°3d'?) of Sr
and Ru atoms. The valence part of the basis set for
Sr (4s4p°5s”) was taken from the SrTiO, study [],
while the valence functions for Ru (4s*4p®4d’5s")
were adopted from our previous work on non-stoi-
chiometric SrRuO, [ Concerning the oxygen
atom, all-electron basis set was applied from the cal-
cium carbonate study [E].

The default values were chosen for most of
the technical setup while performing a full and con-
strained geometry optimization - the details can be
found in the CRYSTAL14 user’s manual [@]. How-
ever, in terms of atomic units, a parameter that de-

fines the convergence threshold on total energy and
five parameters that define the truncation criteria
for bielectronic integrals were tightened to 10~ and
10°%, 10°%, 10°%, 10°%, and 107", respectively. Trunca-
tion was made according to the overlap-like criteria:
when the overlap between two atomic orbitals was
smaller than 107, the corresponding integral was
disregarded or evaluated in a less precise way. The al-
lowed root-mean-square values of energy gradients
and nuclear displacements were correspondingly set
to 6:10~° and 1.2:10. In order to improve the self-
consistence field convergence, the Kohn-Sham ma-
trix mixing technique (at 80%) together with the An-
derson’s method [@], as proposed by Hamman [@],
were applied. The reciprocal-space integration was
performed with shrinking factors of 10 for I4/mmm
and 8 for Pbnm and Cmcm symmetries that resulted
in 102, 125, and 105 independent k points in the first
irreducible Brillouin zone, respectively.

Within the employed hybrid scheme, the ex-
change-correlation energy may be given in the form

EJybrd = gBIF 4 (1 —q) ESGA 4 ETPE, (1)

where EJ* stands for the exchange energy of
PBEsol, SOGGA, or WC approaches, whereas
E™ represents the correlation part of PBE func-
tional []. The mixing parameter a that controls
the amount of HF exchange energy E;"" was varied
from 0.05 to 0.2.

3. Results and discussion

3.1. Benchmark of hybrid scheme

The geometry of ground-state orthorhombic
(Pbnm) SrRuO, is depicted in Fig. . The equi-
librium structural parameters calculated using
PBEsol, SOGGA, and WC functionals are given
in corresponding Tables 1, 2 and 3. The mean ab-
solute relative errors (MAREs) were evaluated ac-
cording to the expression

Calc. Expt.
b P
Expt.

D;

MARE = 100
n

X (2)

i=l

in which p' and p"** are the calculated and ex-
perimental values of the considered parameter, re-
spectively. A visual representation of MAREs de-
pendence on the percentage of HF mixing can be
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(a)

(b)

z

Fig. 1. Schematic representation of (a)
the crystalline structure of SrRuO,, (b)
its top view, and (c) octahedral parame-
ters. Notations O1 and O2 label oxygen
atoms at the apical and planar positions
of the RuO, octahedra, respectively.
The drawings, as well as in Fig. 3, were
produced with the visualization pro-
gram VESTA [22].

Table 1. Structural parameters of Pbnm SrRuO, calculated within the PBEsol framework and compared to the ex-
perimental data. Lattice constants a, b, and c¢ together with bond distances Ru-O1, Ru-O21, and Ru-O22 are
given in A, volume Vis given in A3, angles ¢, 0, O1-Ru-021, O1-Ru-022, and O21-Ru-022 are given in degrees.
MARE (in %) stands for the mean absolute relative error: MARE, is evaluated for a, b, c and V; MARE, for ¢ and
6; MARE, for Ru-O1, Ru-021, Ru-022, O1-Ru-021, O1-Ru-022, and 021-Ru-022; MARE, denotes the total
MARE of all 12 structural parameters. The numbers in brackets (in %) represent absolute relative errors for each

structural parameter.

PBEsol with percentage of HF mixing
PBEsol Expt.
5% | 10% | 15% | 20%
. 5.568 5.563 5.555 5.545 5.534 5.566
(0.05) (0.04) (0.19) (0.38) (0.56)
b 5.538 5.523 5.513 5.504 5.518 5.531
(0.13) (0.12) (0.32) (0.48) (0.22)
. 7.858 7.845 7.831 7.821 7.801 7.844
(0.18) (0.01) (0.16) (0.29) (0.55)
v 242.30 241.08 239.83 238.68 238.22 241.44
(0.36) (0.15) (0.67) (1.14) (1.33)
159.98 160.31 160.85 161.51 160.35 161.97
¢ (1.23) (1.02) (0.69) (0.28) (1.00)
o 74.43 75.31 75.83 76.19 76.04 77.16
(3.54) (2.40) (1.72) (1.25) (1.45)
RLOL 1.995 1.991 1.986 1.981 1.979 1.986
(0.46) (0.25) (0.01) (0.23) (0.32)
RLO21 1.999 1.993 1.988 1.982 1.992 1.986
(0.63) (0.33) (0.05) (0.22) (0.29)
1.997 1.991 1.986 1.981 1.973 1.987
Ru-022 (0.50) (0.21) (0.07) (0.33) (0.72)
90.20 90.19 90.19 90.19 90.52 90.25
O1-Ru-021 (0.06) (0.07) (0.07) (0.07) (0.30)
90.38 90.45 90.46 90.45 90.05 90.31
O1-Ru-022 (0.07) (0.15) (0.16) (0.15) (0.30)
91.21 91.28 91.26 91.20 90.88 91.08
021-Ru-022 (0.14) (0.22) (0.20) (0.12) (0.22)
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Table 1 (continued)

PBEsol with percentage of HF mixing

PBEsol Expt.
5% 10% 15% 20%
MARE, 0.18 0.08 0.33 0.57 0.67
MARE, 2.38 1.71 1.21 0.76 1.22
MARE; 0.31 0.20 0.09 0.19 0.36
MARE; 0.61 0.41 0.36 0.41 0.61

Table 2. Structural parameters of Pbnm SrRuO, calculated within the SOGGA framework and compared to
the experimental data. Lattice constants a, b, and ¢ together with bond distances Ru-O1, Ru-O21, and Ru-
022 are given in A, volume Vis given in A3, angles ¢, 6, O1-Ru-021, O1-Ru-022, and O21-Ru-022 are given
in degrees. MARE (in %) stands for the mean absolute relative error: MARE, is evaluated for a, b, ¢, and V;
MARE, for ¢ and 6 MARE, for Ru-O1, Ru-O21, Ru-022, O1-Ru-021, O1-Ru-022, and O21-Ru-022; MARE |
denotes the total MARE of all 12 structural parameters. The numbers in brackets (in %) represent absolute rela-
tive errors for each structural parameter.

SOGGA with percentage of HF mixing

SOGGA Expt.
5% | 10% | 15% | 20%
5.565 5.561 5.553 5.542 5.532 5.566
a
(0.00) (0.08) (0.22) (0.42) (0.59)
) 5.534 5.520 5.510 5.502 5.496 5.531
(0.07) 0.19) (0.37) (0.52) (0.62)
7.854 7.841 7.827 7.818 7.820 7.844
c
(0.12) (0.04) (0.21) (0.34) (0.30)
241.90 240.71 239.48 238.37 237.78 241.44
.
(0.19) (0.30) (0.81) (1.27) (1.52)
’ 159.97 160.30 160.79 161.46 160.79 161.97
(1.23) (1.03) (0.73) (0.31) (0.73)
] 74.40 75.30 75.90 76.25 76.80 77.16
(3.57) (2.41) (1.63) (1.18) (0.46)
1.994 1.990 1.985 1.980 1.983 1.986
Ru-O1
(0.41) (0.20) (0.05) (0.27) 0.14)
1.998 1.992 1.987 1.981 1.993 1.986
Ru-021
(0.58) (0.28) (0.01) (0.26) (0.33)
1.996 1.990 1.985 1.980 1.960 1.987
Ru-022
(0.44) (0.16) (0.11) (0.38) (1.37)
90.21 90.21 90.19 90.20 90.25 90.25
01-Ru-021
(0.05) (0.05) (0.06) (0.06) (0.00)
90.39 90.46 90.46 90.45 90.00 90.31
O1-Ru-022
(0.08) 0.17) (0.16) (0.15) (0.35)
9121 91.30 91.28 91.20 91.05 91.08
021-Ru-022
(0.14) (0.24) (0.22) (0.13) (0.04)
MARE, 0.10 0.15 0.41 0.64 0.76
MARE, 2.40 1.72 118 0.75 0.59
MARE, 0.29 0.18 0.10 0.21 0.37
MARE; 0.57 0.43 0.38 0.44 0.54
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Table 3. Structural parameters of Pbnm SrRuO, calculated within the WC framework and compared to
the experimental data. Lattice constants a, b, and ¢ together with bond distances Ru-O1, Ru-O21, and Ru-
022 are given in A, volume Vis given in A3, angles ¢, 0, O1-Ru-021, O1-Ru-022, and O21-Ru-022 are giv-
en in degrees. MARE (in %) stands for the mean absolute relative error: MARE  is evaluated for g, b, ¢, and
V; MARE, for ¢ and 0; MARE, for Ru-O1, Ru-021, Ru-022, O1-Ru-021, O1-Ru-022, and O21-Ru-022;
MARE, denotes the total MARE of all 12 structural parameters. The numbers in brackets (in %) represent
absolute relative errors for each structural parameter.

WC with percentage of HF mixing
WC Expt.
5% | 10% | 15% | 20%
5.580 5.573 5.565 5.556 5.543 5.566
a
(0.26) (0.14) (0.01) (0.18) (0.40)
b 5.553 5.538 5.526 5.515 5.531 5.531
(0.40) (0.14) (0.08) (0.28) (0.02)
7.877 7.862 7.847 7.834 7.813 7.844
c
(0.42) (0.23) (0.04) (0.12) (0.40)
244.08 242.69 241.32 240.05 239.57 241.44
v
(1.09) (0.52) (0.05) (0.58) (0.78)
p 159.58 160.03 160.55 161.15 159.98 161.97
(1.47) (1.20) (0.87) (0.51) (1.23)
0 74.21 75.01 75.59 76.08 75.93 77.16
(3.82) (2.79) (2.03) (1.40) (1.60)
2.001 1.996 1.990 1.985 1.983 1.986
Ru-0O1
0.77) (0.51) (0.24) (0.02) (0.11)
2.005 1.999 1.993 1.987 1.998 1.986
Ru-021
(0.95) (0.62) (0.32) (0.04) (0.59)
2.003 1.997 1.991 1.985 1.976 1.987
Ru-022
(0.80) (0.48) (0.19) (0.10) (0.54)
90.14 90.14 90.14 90.14 90.42 90.25
O1-Ru-021
(0.12) (0.12) (0.12) (0.12) (0.19)
90.33 90.39 90.39 90.38 89.90 90.31
O1-Ru-022
(0.02) (0.08) (0.09) (0.08) (0.46)
91.21 91.26 91.25 91.22 90.86 91.08
021-Ru-022
(0.14) (0.19) (0.19) (0.15) (0.24)
MARE, 0.55 0.26 0.05 0.29 0.40
MARE, 2.65 1.99 1.45 0.95 1.41
MARE, 0.47 0.34 0.19 0.08 0.36
MARE, 0.86 0.59 0.35 0.30 0.55

found in Fig. . For the sake of accuracy, the low-
temperature experimental data, also presented in
Tables 1| and 2, were taken as an arithmetic aver-
age of the results obtained from the 1.5 K [@] and
10 K [@] neutron diffraction measurements. It
should also be mentioned that no zero-point anhar-
monic expansion (ZPAE) corrections to the experi-
mental data were applied, since our previous non-

magnetic calculations [@] indicate that the ZPAE
correction for the lattice constant of cubic SrRuO,
reaches at most ~0.13% and therefore can be treat-
ed as negligible.

An analysis of Fig. (a) reveals that the per-
formance of SOGGA functional in reproducing
lattice constants and volume is already optimum
and the addition of HF exchange only worsens
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the results. However, a small amount (~5%) of EJ'*
appears to be favourable for the PBEsol approach
which shows a slight improvement in MARE, reduc-
ing it from 0.18 to 0.08%. A more pronounced ame-
lioration can be noticed for the WC functional, since
its MARE, decreases from 0.55 to 0.05% at 10% of
HF mixing. On the whole, in the range of a = 0-0.1
all three revised GGAs are able to yield MARE, val-
ues of 0.1% or even less, and it can be considered
as a truly impressive result. But despite that, a com-
pletely different trend is observed in Fig. @(b) where
the tilting and rotation angles of RuO, octahedra are
taken into account. One can note that here at least
~15% of HF mixing is necessary for WC and slightly
less for PBEsol and SOGGA in order to get below
the so-called satisfactory threshold of MAREs set
to 1% in our previous paper [E] . The higher MARE,
values compared to the errors of lattice constants
and volume may be explained by the fact that
variations in tilting and rotation angles involve
very subtle energy changes which are much more
harder to deal with. A somewhat different behav-
iour of the SOGGA functional in comparison to
those of PBEsol and WC at 20% of HF exchange
allows the decrease of MARE, to 0.59% showing
that the range of a = 0.15-0.2 seems to be the most
appropriate choice for the tilting and rotation an-
gles. This observation is perfectly consistent with
the result of mB1IWC [H] — a combination of WC
exchange, PBE correlation, and 16% of HF mix-
ing — which is a bit lower (0.84%) compared to

Fig. 2. Influence of the amount
of HF mixing on (a) MARE,
(b) MARE,, (c) MARE,, and
(d) MARE;. The presented
curves were smoothed by using
a cubic spline interpolation.

the MARE, value of WC at 15% of HF exchange
(0.95%). But amounts of E[' larger than 20%
should not lead to a further improvement though,
at least for PBEsol and WC approximations.
Similarly to lattice constants and volume, bond
distances and bond angles of RuO, octahedra
are also reproduced with a satisfactory accuracy
using a pure GGA scheme. From Fig. (c) and
Tables 1-3 one can note that PBEsol, SOGGA,
and WC functionals alone achieve MARE, <0.5%,
however, additional 10% of HF mixing for PBEsol
and SOGGA and 15% for WC allow the improve-
ment of MARE, values to 0.09%, 0.1%, and 0.08%,
respectively. Therefore, it becomes obvious that
the range of a = 0.1-0.15 is a priority option for
the most accurate description of RuO, geometry.
Interestingly, the same tendency also holds for
the overall performance of the functionals repre-
sented by variation of MARE_ in Fig. @(d). Here,
the MARE, value of WC drops from 0.86 to 0.3%
as the amount of HF exchange is increased up to
15%, while for the PBEsol and SOGGA approach-
es the improvement is not that impressive but still
noticeable - from 0.61 to 0.36% for the former
and from 0.57 to 0.38% for the latter at 10% of HF
mixing. These findings clearly indicate that the hy-
brid scheme has a positive impact on the overall
results of all three considered functionals, most
likely due to the reduction of the self-interaction
error which stems from the fact that electrons are
allowed to spuriously interact with themselves



84 S. Masys and V. Jonauskas / Lith. J. Phys. 57, 78-87 (2017)

within the GGA framework. An optimum value
of the HF mixing parameter g falls in the range of
0.1-0.15, and it is definitely smaller than the typi-
cal one of 0.25 usually applied in the first-princi-
ples calculations.

3.2. Employment for tensile strained SrRuO,

In the study of Vailionis et al. [E], the authors in-
vestigate the lattice response to the compressive and
tensile strains in SrRuO, thin films grown on dif-
ferent substrates. Under compressive strain, the Sr-
RuO, thin film possesses a monoclinic P2 /m lat-
tice, but under tensile strain, the situation is not that
straightforward - subtle differences between pseu-

(a) (b)

dotetragonal Cmcm and tetragonal I4/mmm lattices,
shown in Fig. E, are too small to be detected experi-
mentally. From a theoretical point of view, this issue
could be resolved by selecting the most appropri-
ate DFT approximation and performing geometry
optimization for both systems. Therefore, among
our tested PBEsol, SOGGA, and WC approaches
we choose the PBEsol functional and combine it
with 10% of HF mixing. Although a combination
of WC with 15% of HF exchange exhibits a slightly
better overall performance, PBEsol is a more com-
mon choice for the plane-wave calculations with
open-source pseudopotential libraries, making it
easier to reproduce our findings. The results of full
geometry optimization, given in Table 4, indicate

Fig. 3. The crystalline struc-
ture of (a) Cmcm and (b) 14/
mmm symmetries of SrRuO,.

Table 4. Fractional coordinates, lattice constants (in A), and total energy penalty (in meV per formula unit) for
the fully relaxed Crmcm and I4/mmm symmetries of SrRuO, calculated by combining PBEsol functional with
10% of HF mixing. AE is evaluated with respect to the total energy of ground-state (Pbnm) SrRuO.,.

Cmcm I4/mmm
Wyckoft Wyckoff
position ) position x Y z
Sr 4c 0.0 -0.0121 0.25 2a 0.0 0.0 0.0
Sr 4c 0.0 0.4879 0.25 2b 0.0 0.0 -0.5
Sr - - - 4c 0.0 -0.5 0.0
Ru 8d 0.25 0.25 0.0 8f 0.25 0.25 0.25
0] 8e 0.2141 0.0 0.0 8h 0.2205 0.2205 0.0
0] 8f 0.0 0.2841 -0.4648 16n 0.0 0.2519 0.2829
0] 8g -0.2128 0.2487 0.25 - - - -
a 7.776 7.858
b 7.852 7.858
c 7.858 7.793
AE 19.3 55.1
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Table 5. Fractional coordinates and total energy penalty (in meV per formula unit) for the internally relaxed
Cmcm and I4/mmm symmetries of SrRuOQ, calculated by combining PBEsol functional with 10% of HF mix-
ing. Lattice constants (in A) are fixed to the values that correspond to the experimental measurements [5]. AE
is evaluated with respect to the total energy of ground-state (Pbnm) SrRuO;.

Cmcm I4/mmm
Wyckoft Wyckoff
position * ) z position X ) z
Sr 4c 0.0 -0.0115 0.25 2a 0.0 0.0 0.0
Sr 4c 0.0 0.4877 0.25 2b 0.0 0.0 -0.5
Sr - - - - 4c 0.0 -0.5 0.0
Ru 8d 0.25 0.25 0.0 8f 0.25 0.25 0.25
O 8e 0.2123 0.0 0.0 8h 0.2214 0.2214 0.0
@) 8f 0.0 0.2847 -0.4679 16n 0.0 0.2518 0.2824
O 8g -0.2157 0.2498 0.25 - - - -
a 7.897 7.897
b 7.829 7.897
c 7.903 7.903
AE 36.1 76.2

that the Cmcm is energetically more favourable
than the I4/mmm symmetry, since its total energy
penalty evaluated with respect to the ground-state
SrRuO, is ~36 meV per formula unit lower. How-
ever, fully relaxed structures may not necessarily
reflect tendencies present in strained systems. For
this reason, we have also carried out constrained
geometry optimization with structural parameters
fixed to the experimentally measured ones [E]. For
the I4/mmm symmetry, lattice constants were set
by applying the requirement that a and ¢, which
in turn are fully clamped by the DyScO, substrate
in the SrRuO, thin film, have to be equal to those
of the Cmcm symmetry. The obtained results, pre-
sented in Table 5, imply that under weak tensile
strain SrRuO, indeed prefers the Cmcm rather
than the I4/mmm lattice, as the difference in total
energy penalty is ~40 meV per formula unit in fa-
vour of the former symmetry. This finding allows
to conclusively dispel the uncertainty the experi-
mentalists have previously dealt with.

4. Conclusions

In this study, we have systematically investigated
the influence of 5-20% of HF exchange on the per-
formance of revised GGAs for solids - PBEsol,
SOGGA, and WC - in reproducing the crystalline
structure of ground-state orthorhombic (Pbnm)
SrRuO,. The structural parameters of the system

were distinguished into three categories: (a) lat-
tice constants and volume, (b) tilting and rota-
tion angles of RuO, octahedra, and (c) internal
angles and bond distances within RuO, octahe-
dra. The obtained results indicate that optimum
amounts of HF mixing, which ensure the smallest
deviations from the experimental measurements,
for the corresponding categories fall in the range
of (a) 0-10%, (b) 15-20%, and (c) 10-15%.
The overall performance of the tested functionals
in reproducing structural parameters in all three
categories yields deviations smaller than 0.4%,
namely, 0.3% for WC at 15% of HF exchange and
0.36% for PBEsol with 0.38% for SOGGA at 10%
of HF mixing. Thus, in the case of the full repro-
duction of SrRuO, geometry, 10-15% of HF ex-
change can be considered as the recommended
amount for the revised GGA frameworks. These
findings expand the available set of tools for theo-
retical simulations of SrRuO, by revealing that
the PBEsol and SOGGA approaches can also be
combined with the HF exchange as efficiently as
our previously studied mB1WC scheme based on
the WC approximation. An application of PBEsol
with 10% of HF mixing to the geometry of tensile
strained SrRuO, implies that the system appar-
ently favours the Cmcm over the I4/mmm space-
group symmetry, resolving the issue previously
raised by the researchers investigating SrRuO,
thin films.
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KRISTALINE SrRuO, SANDARA: HIBRIDINIO METODO TAIKYMAS KIETYJY
KUNU TANKIO FUNKCIONALAMS

S. Masys, V. Jonauskas

Vilniaus universiteto Teorinés fizikos ir astronomijos institutas, Vilnius, Lietuva

Santrauka

SrRuO, - perovskitinis kristalas, vertinamas dél savo
laidumo ir feromagnetiniy savybiy, taip pat labai gero
struktiirinio suderinamumo su jvairiais funkciniais ok-
sidais, naudojamais auginant perspektyvias heterosan-
diras ir supergardeles. [prastinémis sglygomis SrRuO,
pasizymi ortorombine kristaline sandara, taciau visai
neseniai tyréjams pavyko stabilizuoti tetragonines bei
monoklinines $ios medziagos fazes, kurioms dar rei-
kia i§samesniy tyrimy. Norint atkartoti ir iSanalizuoti
pasiektus rezultatus teoriniu lygmeniu, batina identifi-
kuoti patikimas teorines priemones, uztikrinancias kuo
didesnj tikslumg. Todél $iame darbe taikome hibridinj

tankio funkcionalo teorijos metoda kietyjy kany tyri-
mams, pritaikytiems apibendrintiesiems gradientiniams
artiniams, bandydami sistemiskai nustatyti optimalig
Hartrio ir Foko (HF) pakaitinés energijos dalj, leidzian-
¢ig tiksliausiai atkurti ortorombinés SrRuO, fazés kris-
taline sandarg. Nustadius optimaliausig HF pakaitinés
energijos indélj, galima tikeétis, kad tokia HF ir tankio
funkcionaly kombinacija bus veiksminga ir kity dar
netyrinéty SrRuO;, faziy atzvilgiu, todél ja bus galima
rekomenduoti ateities tyrimams. Taip pat pateikiame
konkrety taikymo pavyzdj, kai geometrijos optimizaci-
ja, atlikta plonyjy SrRuO, pléveliy sistemai, leidZia tiks-
liai identifikuoti jos erdvine grupe.
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