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Abstract
We examine electronic and crystal structures of iron-based superconductors LnFeAsO1−xHx

(Ln = La, Sm) under pressure by means of x-ray absorption spectroscopy (XAS), x-ray
emission spectroscopy (XES), and x-ray diffraction. In LaFeAsO the pre-edge peak on
high-resolution XAS at the Fe-K absorption edge gains in intensity on the application of
pressure up to 5.7 GPa and it saturates in the higher pressure region. We found
integrated-absolute difference values on XES for Ln = La, corresponding to a spin state,
decline on the application of pressure, and then it is minimized when the Tc approaches the
maximum at around 5 GPa. In contrast, such the optimum value was not detected for
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Ln = Sm. We reveal that the superconductivity is closely related to the lower spin state for
Ln = La unlike Sm case. We observed that As height from the Fe basal plane and As–Fe–As
angle on the FeAs4 tetrahedron for Ln = La deviate from the optimum values of the regular
tetrahedron in superconducting (SC) phase, which has been widely accepted structural guide
to SC thus far. In contrast, the structural parameters were held near the optimum values up to
∼15 GPa for Ln = Sm.

Keywords: pnictides and chalcogenides, iron superconductors, x-ray absorption spectra, high
pressure, x-ray diffraction, electronic structure, crystal structure
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1. Introduction

Iron-based superconductors LnFeAsO1−xHx (Ln = La, Sm),
referred to as Ln1111–H, has unique phase diagrams with
bipartite magnetic parent phases in the low- and high-electron
doping regions and superconducting (SC) phases in between
the parent phases [1–7]. La1111–H has two SC dome with
Tc,max = 26 K at x ∼ 0.08 (SC1) and 37 K at x ∼ 0.35
(SC2), while Sm1111–H has a single SC dome with Tc,max

= 55 K at x ∼ 0.2. The electronic and crystal structures for
La1111–H and Sm1111–H at ambient pressure were con-
ducted in advance to the present study [8].

An application of pressure can drastically modify elec-
tronic structures without the degradation of the crystal against
the chemical substitution. The high-pressure experiments have
been providing guiding principles for the development of new
superconductors and pave the way to promising new means
of investigating iron-based superconductors. Takahashi et al
have reported the pressure dependence of Tc up to 19 GPa
for Ln = La and Sm [9]. They especially observed the sig-
nificant increase of Tc from 17 K at 0 GPa to 52 K at 6 GPa for
Ln = La at x ∼ 0.18, corresponding to Tc-valley composition
boundary of SC1 and SC2. Eventually, two SC domes were
merged into the single SC one above 6 GPa. In contrast, Tc for
Ln = Sm decreased continually on the application of pres-
sure with holding the single SC dome up to 15 GPa except for
x = 0 [9]. Since the single SC dome for Ln = La under pres-
sure is similar to that for Ln = Sm, one might expect to find a
certain common picture concerning the crystal and electronic
structures between them.

In iron-based superconductors, an empirical guideline has
been established that the superconductivity favored the regular
tetrahedron crystal structure [10]; however the guideline was
broken under pressure for Ln = La [11]. Isovalent phosphorus
substitution for Sm1111–H gives rise to the splits of the single
Tc dome into two domes gradually [12]. We thus expect that
a certain criteria for structural parameters such as Pn–Fe–Pn
angle and electron-doping level are related to the supercon-
ductivity. One might care about the relation between the crys-
tal structure and the superconductivity under pressure for
Ln = La and Sm; in consequence the detail crystal structure

under pressure for Ln1111–H warrants further investigation.
Since in Ln1111–H the magnetic parent phases are adjacent to
the SC phases, we consider that the magnetic character is inti-
mately tied to the superconductivity.The Fe spin state is known
to correlate to the local magnetic moment and the super-
conductivity favors the higher spin state [13, 14]. Especially
desirable but not yet to be performed is an investigation of the
electronic structure including the spin state under pressure for
Ln = La and Sm.

In this paper we investigate electronic and crystal struc-
tures for Ln = La, Sm under pressure by using x-ray emission
spectroscopy (XES), high-resolution x-ray absorption spec-
troscopy (XAS), and x-ray diffraction (XRD) [15, 16]. We
employed XAS with partial-fluorescence yield (PFY-XAS) at
the Fe-K and As-K absorption edges [17, 18]. Fe Kβ XES
enables to probe the spin state of Fe d electrons under pressure
[16, 19]. We found that the superconductivity is closely tied
to the lower spin state for Ln = La unlike Sm case. Moreover,
in SC phase, the shape of FeAs4 tetrahedron deviates from the
regular tetrahedron for Ln = La, while it holds near the reg-
ular one for Ln = Sm. The regular tetrahedron of FeAs4 is
regarded as the optimum structure for emerging the high-Tc

superconductivity in iron-based superconductors.

2. Experiments and methods

We prepared polycrystalline samples of LaFeAsO1−xHx

(x = 0–0.51) and SmFeAsO1−xHx (x = 0–0.65) from high-
pressure methods as reported in the literature [2]. The high-
pressure measurements of XAS and XES were performed at
BL12XU, SPring-8. The x-ray beam was focused to 20–30
(horizontal) × 30–40 (vertical) μm2 at the sample position
using a toroidal and a K-B mirror. High-pressure conditions
were achieved using a diamond anvil cell (DAC) coupled
with a gas-membrane. A Be-gasket of 3 mm in diameter and
approximately 100 μm thick was pre-indented to approxi-
mately 40 μm thickness around the center. The diameter of the
sample chamber in the gasket was approximately 100–120μm
and the culet size of diamond anvil was 300 μm. KCl pow-
der was used as a pressure medium for DAC. Both incom-
ing and outgoing x-ray beams passed through the Be gasket
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setting an in-plane geometry with the scattering angle of 90◦.
The Be gaskets (I-220-H grade) included an Fe impurity of
∼0.15%, giving rise to a background on the Fe Kβ XES. The
background was carefully reduced using a narrow slit system
(the diameter of ∼3 mm and the slit width of 30 μm) [16].
The pressure was monitored by the ruby fluorescence method
[20–22]. We performed the XRD measurements in the wide
pressure ranges which cover the variable ranges of Tc for both
compounds [11].

The Fe Kβ XES exhibits main Kβ1,3 and weak satellite Kβ ′

components [23, 24]. In XES, an integrated-absolute differ-
ence (IAD) is strongly related to the spin state of d electrons
and the magnetic moment [13, 14]. The IAD value was esti-
mated from the Fe Kβ XES based on the reference material
FeCrAs without magnetic moment [19]. The detailed proce-
dure of the analysis was described in our preceding paper
[8].

The XRD image was taken using a three-pin plate DAC
(Almax Industries) with a CCD detector. Both incoming and
outgoing x-ray beams passed through the diamonds with the
incident photon energy of 20 keV. NaCl powder as the pres-
sure medium was carefully mixed with the sample to avoid the
preferred orientation, and then the mixture was loaded to the
gasket hole. The 2D image of CCD was integrated to yield the
2θ-intensity data by using FIT2D program [25]. The XRD pat-
terns were analyzed by the Rietveld method on the RIETAN-
FP program [26, 27]. All the above measurements were carried
out at room temperature.

3. Results and discussion

3.1. PFY–XAS

Figures 1(a) and (e) show the pressure dependence of the
PFY–XAS spectra for LaFeAsO (x = 0 of LaFeAsO1−xHx) at
the Fe-K and As-K absorption edges, respectively. Pressure-
induced change in the electronic structure estimated by
the observation of the Fe-K absorption edge was small.
Figures 1(b) and (f) plot the XAS spectra near the Fe-K and
As-K absorption edges, respectively. We fitted the PFY–XAS
spectra for simplicity assuming some Voigt functions with an
arctan-like background [8].

In figure 1(c) the relative intensity of the pre-edge peak (P1)
estimated by the integration of the peak and the energy shift
of P1 are shown. The intensity of the pre-edge peak increased
with pressure up to 5.7 GPa and further increase of the pressure
did not change the intensity. This behavior corresponds to the
decrease of IAD values described below (see figure 2(e)). The
peak energy of P1 was insensitive to the pressure in the entire
pressure range.

Relative energy shifts of the absorption edges, which is
defined as an inflection point at the Fe-K and As-K, are shown
in figure 1(d). The Fe-K edge shifted monotonically to higher
energy with pressure, while the As K edge did not show a clear
pressure-induced change. The application of pressure causes
a change in the Fe 4p DOS due to the volume contraction.
Furthermore, the core-hole potential in the final states also
affects the shape of the Fe 4p DOS largely. These effects are

superimposed, possibly resulting in the shift of the absorption
edge.

The spectra at the As-K absorption edges changed sig-
nificantly with pressure from 1.5 to 3.2 GPa as shown in
figure 1(f). Such discontinuous change in the spectra at the As-
K absorption edge has been observed at 0.6 GPa for BaFe2As2

and Ba(Fe0.92Co0.08)2As2 and at 1.9 GPa for Ba0.6K0.4Fe2As2

[28, 29]. The Ba122 system is believed that the pressure-
induced change in the electronic structure of the As site is rela-
tively large compared to that of the Fe site. Hereafter, we men-
tion the relation between the Fe–As distance and the electronic
structure. Balédent et al [28] found the electronic structure
change at 2.39 Å in BaFe2As2. We note the As–Fe distance
reached to 2.39 Å at 1.4–2.6 GPa in LaFeAsO1−xHx (x = 0)
[31]. The results suggest that the pressure-induced change in
the electronic structure of As is more important than that of
Fe in the emergence of the superconductivity in LaFeAsO as
observed in Ba122 systems.

At the As-K absorption edge the pressure-induced change
in the intensity and energy of the P4, P5, and P6 peaks proba-
bly corresponds to the change in the As 4p DOS as observed
in literature [28]. The intensities of these peaks do not show
the clear pressure dependence as shown in figure 1(g). While
these energies of them increased with pressure up to 7.8 GPa
as shown in figure 1(h) and the change in the energy was gen-
tle with further increase of the pressure. The energy change is
coincided with a fact that Tc increases up to ∼5 GPa, and then
it saturates in the higher pressure range.

We measured the pressure dependence of the PFY–XAS
spectra of SmFeAsO1−xHx at the Fe-K and the As-K absorp-
tion edges for x = 0, 0.22, and 0.59 [31]. In SmFeAsO1−xHx,
however, no significant correlation has been observed between
the superconductivity and the electronic structure under
pressure.

3.2. Kβ XES

The pressure dependence of the Fe Kβ XES spectra of
LaFeAsO1−xHx for x = 0.07 at SC 1 and 0.35 at SC 2 with
a spectrum of FeCrAs are shown in figures 2(a) and (b) with
the difference of the intensity for FeCrAs in figures 2(c) and
(d). The IAD values are estimated as shown in figure 2(e). The
IAD values of both samples decreased rapidly up to 5 GPa
with pressure, and that of the x = 0.35 sample had a trend to
increase once with further increase of the pressure. The pres-
sure dependence of the IAD values of the 0.35 sample showed
an inverse correlation with Tc as shown in figure 2(e). It was
reported that the magnetic order of polycrystalline LaFeAsO
sample remained up to 20 GPa [32]. Thus, by considering
that the application of pressure increases the hybridization
between Fe-d and As-p orbitals, it is naturally understood
that the local magnetic moment decreases under pressure. For
an example, in FeSe the IAD values decreased with pressure
monotonically [33, 34]. Thus, the slight increase of the IAD
values of the x = 0.35 sample at high pressures is anoma-
lous. Such the pressure-induced anomalous behavior of IAD
has been observed in the 122 systems of KxFe2−ySe2 and
(NH3)yCs0.4FeSe [35, 36], which have two pressure-induced
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Figure 1. (a) Pressure dependence of the PFY–XAS spectra at the Fe-K absorption edge for LaFeAsO1−xHx (x = 0). (b) Expanded view of
(a) near the pre-edge peak. (c) Pressure dependence of the relative intensity and energy shift of the pre-edge peak P1 at the Fe-K absorption
edge. (d) Pressure dependence of the relative energy shifts of the Fe-K and As-K absorption edges. (e) Pressure dependence of the PFY–XAS
spectra at the As-K absorption edge for LaFeAsO1−xHx (x = 0). (f) Expanded view of (e) near the absorption edge. (g) Pressure dependence
of the intensity of the peaks P4, P5, and P6. (h) Pressure dependence of the relative energy shifts of the peaks P4, P5, and P6. Pink-colored
area in (d) correspond to the SC regions for x = 0, where the maximum value of the vertical axis scales linearly to be 90 K from 0 K [30].
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Figure 2. (a) and (b) Pressure dependence of the Fe Kβ XES spectra of LaFeAsO1−xHx for (a) x = 0.07 and (b) x = 0.35 with a spectrum
of FeCrAs. (c) and (d) Pressure dependence of the difference of the intensity between the Fe Kβ XES spectra of LaFeAsO1−xHx and the
spectrum of FeCrAs for (c) x = 0.07 and (d) x = 0.35. (e) Pressure dependence of the IAD values for x = 0.07 and x = 0.35. Pink- and
blue-colored areas in (e) correspond to the SC regions (Tc) for x = 0.07 and 0.35, respectively, where the maximum value of the right
vertical axis scales linearly to be 100 K from 0 K [2, 5]. The pressures where the Fe–As interatomic distance is 2.39 Å are shown by arrows.

SC domes of SC 1 and SC 2 [37, 38]. However, in the x = 0.35
sample of LaFeAsO1−xHx it seems not to show the emergence
of SC 2 induced by pressure, while Tc decreases at high pres-
sure [9, 31]. In the 122 system, the pressure often induces the
collapsed tetragonal structure, which triggers the emergence
of second SC phase. However, such the collapsed phase was
not observed in LaFeAsO1−xHx. Our results suggest that in
LaFeAsO1−xHx the minimum IAD value (i. e. spin state) of
0.04 matches the maximum Tc, as observed in figure 2(e);
thus the superconductivity seems to favor the lower magnetic
moment. Additionally, in LaFeAsO1−xHx the x dependence of
the superconductivity forms the single SC dome with the max-
imum Tc at 6 GPa [11]. Therefore, our results also suggest that
the pressure can induce the optimum conditions to emerge the
high-Tc superconductivity in LaFeAsO1−xHx .

There is a possible explanation of the IAD anomaly based
on the band calculations of LaFeAsO by Harada et al [39] They
reported that the distributions of the charge density decrease
on Fe d3z2−r2 and dzx and increase on Fe dx2−y2 with pressure,
resulting in the Fe d-states accumulation rearranged through
the hybridization between the Fe-d and As-p states. The accu-
mulation around the Fe site reaches the maximum at 4 GPa,
and the distribution gradually spreads toward the outside of Fe
with further increase of the pressure. This indicates that the
bonding of Fe–As becomes weak above 4 GPa, although the
Fe–As distance decreases monotonically with pressure. There-
fore, the slight increase of the IAD value above 5 GPa of the
x = 0.35 sample may correlate to the gradual spread of the
charge distribution around the Fe site. These pressure-induced
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behaviors of the IAD and the strength of the Fe–As bond also
correspond to the pressure dependence of Tc [9, 31].

Hesani and Yazdani performed DFT + DMFT calculations
of LaFeAsO under pressure [40]. The pressure effect on the
Fe 3d-orbital occupation number enhanced the charge transfer
from dx2−y2 to other orbitals. The occupation number increases
on the dxy orbital and decreases on the dx2−y2 up to ∼13 GPa.
The total occupation number of Fe 3d also increased up to
around 13 GPa. The pressure dependence of these occupation
numbers kept the similar trend with further increase of the
pressure up to 34 GPa albeit those pressure-induced change
are small.

These behaviors of the d-orbital occupation numbers are
correlated to the pressure dependence of Tc. On the other hand,
Iimura et al showed that in LaFeAsO1−xHx the energy of the
anti-dxy orbital decreased with x and the degeneration of the
orbitals of anti-dxy, dyz,zx , and dxy occurred. The application of
pressure moreover decreases the As–Fe distance with increas-
ing the hybridization, while the electron doping elongates the
As–Fe distance with increasing the x. The pressure is likely to
change the energy levels of the dxy orbital similar to the case
of the electron doping.

Figures 3(a), (c) and (e) show pressure dependence of the Fe
Kβ XES spectra of SmFeAsO1−xHx for x = 0, 0.22, and 0.59
with the difference of the intensity for the spectrum of FeCrAs
in figures 3(b), (d) and (f), respectively. The application of
pressure decreased the IAD values; especially the decrease of
IAD at x = 0.59 was significantly larger than that at x = 0,
as shown in figure 3(g). The IAD values of SmFeAsO1−xHx

were larger than those of LaFeAsO1−xHx . The IAD value at
x = 0.22 indicated a rapid increase at the first pressurization
to 1.2 GPa, in which the Fe–As distance reaches the transition
value of As state to be 2.39 Å from the XRD data. At ambi-
ent pressure the x = 0 sample of SmFeAsO1−xHx does not
show the superconductivity [31]. However, a small amount of
the carrier doping suppressed the AFM order and induced the
superconductivity as with LaFeAsO1−xHx . The 7%-hydrogen
substitution involved the high-Tc superconductivity at around
50 K and the application of pressure decreased Tc, although
the available data of Tc for x > 0 was limited below 2.5 GPa
in the previous reports [31, 41, 42]. In SmFeAsO1−xHx there
was no IAD anomaly as observed in the x = 0.35 sample of
LaFeAsO1−xHx . The IAD values decreased gradually in the
high-pressure range. The observations are considered as the
ordinary characters of IAD along with the decreases of local
magnetic moments because the application of pressure makes
the band broadened. In SmFeAsO1−xHx the IAD values of the
x = 0.22 sample are probably correlated to Tc under high pres-
sures. The highest Tc was observed at around x = 0.22 [9, 31],
in which the tetrahedron of FeAs4 involves the regular shape
in the entire pressure range measured as will be shown in later.
In SmFeAsO1−xHx the higher Tc favors the higher spin state,
in contrast to the case of LaFeAsO1−xHx .

Balédent et al [28] suggested a critical Fe–As interatomic
distance of 2.39 Å in the Fe122 systems; below this distance
the hybridization was strong enough to enable the redistri-
bution of the charge between Fe and As orbitals resulting in
sudden changes in the As electronic structure. In figures 2(e)

and 3(g) the pressures where the Fe–As interatomic distance
is 2.39 Å are shown by arrows. In the x = 0.22 sample of
SmFeAsO1−xHx the IAD values also seem to change rapidly
around above pressures.

3.3. Crystal structure

The pressure dependence of diffraction patterns, lattice
constants, ratio of c/a, As heights, As–Fe–As angles and
As–Fe distances of LaFeAsO1−xHx and SmFeAsO1−xHx

are summarized in the supplementary information
(https://stacks.iop.org/JPCM/33/265602/mmedia) [31]. There
is no structural phase transition in the pressure range measured
in both La and Sm systems. In LaFeAsO1−xHx the lattice
constants of a and c decreased monotonically with applying
the pressure or increasing x. The ratio of c/a decreased mono-
tonically with pressure and no anomaly was observed for all
doping levels (figure S5(a)) [31]. The ratio showed an increase
with x, indicating the elongation along the c axis with x. In
LaFeAsO1−xHx the As height deviated from the ideal value
of ∼1.38 Å and the pressure squeezed the FeAs4 tetrahedron
along the c-axis, leading to the decrease of As height (figure
S5(b)) [10, 31, 43]. The As–Fe–As angle 1 also increased
and deviated from the ideal value with pressure (figure S5(c)),
while the angle 2 (figure S5(d)) showed an opposite trend.
Our results agree with the reported data previously [1, 9, 11],
but our measurements could approach at the higher pressure
range. It has been considered that the superconductivity
favored the regular tetrahedron of FeAs4 [10, 43] since the
discovery of iron-based superconductor [44]. However, in
LaFeAsO1−xHx the high Tc was observed even in the pressure
range where the FeAs4 shape deviates from the ideal one. The
As height decreased rapidly with pressure for all samples.
The As height at x = 0.51 reached the ideal value of 1.38
Å at around 3–4 GPa, however Tc at x = 0.44 decreased
monotonically with pressure. These results suggest that the
crystal structure in LaFeAsO1−xHx could be less important
for the emergence of the superconductivity compared to the
other iron-based superconductors.

The pressure dependence of the lattice constants of
SmFeAsO1−xHx was similar to those of LaFeAsO1−xHx . [31]
The ratio a/c (figure S5(f)) and the lattice constants of a
and c decreased monotonically with applying the pressure
and increasing x [1, 9]. In SmFeAsO1−xHx the As heights of
these samples laid near the ideal value up to ∼15 GPa and
decreased slightly with pressure. The As–Fe–As angles were
near the ideal value at low pressure, however they deviated at
higher pressures. These results in SmFeAsO1−xHx are in con-
trast to those in LaFeAsO1−xHx , where the large deviation of
the FeAs4 tetrahedron from the regular one was observed as
described above.

The pressure dependence of the lattice constants indicated
the change of the trend at around 10 GPa [31], namely the
compressibility along the a axis became smaller as the pres-
sure increased. The pressure dependence of the As height
and As–Fe–As angles also showed the change in the trend at
around the same pressure range [31]. In the samples except
for x = 0.44, Tc took maximum at around the pressure range
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Figure 3. (a)–(f) Pressure dependence of the Fe Kβ XES spectra of SmFeAsO1−xHx for (a) x = 0, (c) x = 0.22, and (e) x = 0.59 with the
difference of the intensity between the Fe Kβ XES spectra of LaFeAsO1−xHx and the spectrum of FeCrAs for (b) x = 0, (d) x = 0.22, and
(f) x = 0.59. (g) Pressure dependence of the IAD values for x = 0, x = 0.22, and x = 0.59. Pink- and blue-colored areas in (g) correspond
to the SC regions for x = 0 and x = 0.22, respectively, where the maximum value of the vertical axis scales linearly to be 60 K from 0 K
[9, 41]. The pressures where the Fe–As interatomic distance is 2.39 Å are shown by arrows [28]. Pink- and turquoise-blue-colored areas in
(g) correspond to the SC regions for x = 0 and 0.22, respectively, where the maximum value of the vertical axis scales linearly to be 60 K
from 0 K [9, 41]. Note that the pressure dependence of Tc of the x = 0.59 sample has not been measured.
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[31] and the further increase of pressure decreased Tc. There
may be an optimum crystal structure for high-Tcc lies within
the above pressure range in SmFeAsO1−xHx . The As–Fe dis-
tances are longer than the critical value of 2.39 Å at ambient
pressure for three Sm samples, and then they passed through
the critical value in the low pressure range of 1–2 GPa [31] as
observed in the Fe122 systems [28, 29].

The ratio of c/a has been relatively higher at x = 0.35 of
LaFeAsO1−xHx and at x = 0.22 of SmFeAsO1−xHx in the
whole pressure range measured. Since the superconductivity
was observed up to ∼20 GPa for both LaFeAsO1−xHx and
SmFeAsO1−xHx , present superconductivity favors the rela-
tively larger c/a ratio.

In figures 4(a) and (b) we summarize the pressure depen-
dence of the representative structural parameters along with
the contour plots of Tc as a function of the As–Fe–As bond
angle and the Fe–As distance. In SmFeAsO1−xHx the data
of Tc are not available at medium pressure range above a
few GPa [31] and those data are interpolated or extrapolated
in figure 4(b) to connect smoothly to the data measured. In
LaFeAsO1−xHx the present results reproduced well the pre-
vious data by Kobayashi et al [11]. It is clearly shown that
the superconductivity occurred at the wide pressure ranges
deviated largely from the ideal As–Fe–As bond angle and
the Fe–As distance in LaFeAsO1−xHx. It was reported that
the AFM2 phase at x > 0.5 in LaFeAsO1−xHx was sup-
pressed at around 6 GPa, while the AFM phase existed at the
same pressure reange [11]. The As height from the Fe plane
increased with increasing x in LaFeAsO1−xHx . The applica-
tion of pressure decreased the As height and it should increase
the hybridization between the Fe and As orbitals.

On the other hand, in SmFeAsO1−xHx we found that the
superconductivity was observed when the As–Fe–As angle
and the Fe–As distance approached the ideal values. In
LaFeAsO1−xHx the electron doping effectively changes the
crystal structure from the ideal ones. In SmFeAsO1−xHx slight
increase of the pressure from the ambient pressure caused a
collapse along all axes at x = 0.22. This may be correspond
to the sudden increase of the IAD values at 1.2 GPa of the
x = 0.22 sample in figure 3(g) described above. The x = 0.2
sample of SmFeAsO1−xHx laid near the pressure range with
the regular tetrahedron of FeAs4 compared to the other sam-
ples in the all pressure rage as shown in figure 4(b). This may
be a reason why Tc of the x = 0.2 sample is always higher than
those of other samples in SmFeAsO1−xHx [31]. At the over-
doping sample of x = 0.65 the lattice easily shrinks along the
a and b axes.

LaFeAsO1−xHx deviated largely from the As–Fe–As angle
of 109.5◦. On the other hand, the substitution from La to Sm
made the Fe–As distance in the Sm systems shorten owing
to the lanthanoid contraction. In SmFeAsO1−xHx the crystal
structure had the ideal characters of the As–Fe–As angle and
the Fe–As distance at ambient pressure. The application of
pressure induced the deviations from the ideal values of the
As–Fe–As angle and the Fe–As distance, however the devi-
ation was not large at least up to ∼ 15 GPa compared to the
case of the La system at ambient pressure.

Figure 4. Contour plots of Tc for (a) LaFeAsO1−xHx and
(b) SmaFeAsO1−xHx as a function of the As–Fe–As bond angle and
the Fe–As distance. Broken lines represent the regular tetrahedron
and the As height.

Theoretical calculations showed in SmFeAsO1−xHx a
larger hole-type Fermi surface at M point and better nesting
condition than the La case, resulting a single dome super-
conductivity with the hydrogen doping in SmFeAsO1−xHx at
ambient pressure [8]. However, in LaFeAsO1−xHx the nesting
is observed at all hydrogen doping range. It is expected that
such nesting condition may be kept in LaFeAsO1−xHx even
under pressure where the crystal structure is far from the reg-
ular tetrahedron. It remains as an issue to be challenged in the
future theoretically.

4. Conclusion

Pressure dependence of electronic and crystal structures of
LnFeAsO1−xHx (Ln = La, Sm) studied in detail. Pressure
decreased the IAD values for both La and Sm systems, except
for the x = 0.35 of the La system where the IAD values
increased at high pressures. In LaFeAsO1−xHx pressure depen-
dence of the IAD values showed there is an optimum value
(i. e. spin state), where highest Tc was observed under pressure.
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This suggest that the superconductivity favors the low-spin
state under pressure near the AFM1 range in LaFeAsO1−xHx .
The slight increase of the IAD value above 5 GPa of the
x = 0.35 sample is probably correlated to the gradual spread
of the charge distribution around the Fe site. Our study has
revealed the importance of the hybridization between Fe-d and
As-p orbitals to control the Tc. This suggests that it is not
necessary to have the regular tetrahedron of FeAs4 shape for
searching high-Tc materials.

The As height from Fe-plane and As–Fe–As angle devi-
ated from the optimum values of the regular tetrahedron
crystal structure for the emergence of the superconductivity,
which have been accepted widely so far, with pressure in
LaFeAsO1−xHx . In LaFeAsO1−xHx the crystal structure devi-
ated from the regular FeAs4 tetrahedron crystal structure in a
wide pressure range measured. While in SmFeAsO1−xHx the
deviation from the regular tetrahedron crystal structure caused
the decrease of Tc. We found that As height from Fe-plane
and As–Fe–As angle were kept near the optimum values up to
around 15 GPa in SmFeAsO1−xHx .
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