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Abstract

®

CrossMark

We report a detailed >’Fe Mossbauer study of lanthanum doped CaFe,As, superconductors.
The quadrupole splitting distribution (QSD) method was adopted to analyze the Mossbauer
spectra of Ca;_,La,Fe,As; (x = 0.2, 0.3) single crystals. For both compounds we observed
two QSD contributions centered at 0.31 mm s~ ! and —0.32mm s~ at room temperature. The
first principles calculations of the electronic structures and the electric field gradient (EFG)
of Ca;_,La,Fe,As, model systems reveal that the EFG changes from positive to negative with
increasing dopant concentration, indicating that the La atoms distribute heterogeneously in
the compounds. The two QSD components behave differently with decreasing temperature.
The minority La-rich phase undergoes superconducting transition, while short range

spin fluctuations and/or spin-phonon coupling appear in the majority La-poor phase. Our
experiments provide new evidence of the phase separation picture at low temperatures in

Ca;_,La,Fe,As; superconductors.

Keywords: iron-based superconductors, Ca;_,LaFe,As,, 5TFe Mossbauer study

(Some figures may appear in colour only in the online journal)

Introduction

The discovery of iron-based superconductors rekindles
research interest on the magnetic order, spin excitations, and
their relationship with superconductivity, which has long been
a focus in the search for the mechanism of high temperature
superconductivity. In iron pnictides and iron chalcogenides,
superconductivity usually occurs adjacent to an antiferromagn-
etic (AF) phase and overlapping region of the two orders on
the doping phase diagram has been reported for these mat-
erials [1-5]. Though experimental observations and theor-
etical calculations have pointed out the importance of spin
fluctuations, resulting from Fermi surface nesting between
hole and electron pockets, for the formation of supercon-
ducting pairs in iron pnictides [6-8], high temperature super-
conducting phase far separated from the AF phase has also
been observed in LaFeAsO;_,H, [9] and (T1,Rb,K)_,Fe;.,Se>
[10].This separation also happens in the extensively studied
122 family of iron pnictides [11].

0953-8984/16/125701+7$33.00

Very recently, several research groups report supercon-
ducting phase with Tc around 40 ~ 49K in rare earth-doped
CaFe,As; (Re = La, Ce, Nd, and Pr) and in La and P co-doped
CaFe,As; [11-14]. These observations suggest the flexibility
in realizing superconductivity for 122 family pnictides. The
common ground of these compounds is that the high temper-
ature superconductivity occurs in sufficiently doped sam-
ples. Besides, the comparatively very small superconducting
volume is also a distinguishing feature. Though bulk super-
conductivity can be realized by substituting alkaline earths by
alkali metals (hole doping), Fe element by transition metal
such as Co and Ni(electron doping), and P for As (isovalent
doping) in 122 compounds, full volume fraction screening has
never been observed in Re-doped CaFe,;As, compounds. Up
to now, the nature of the superconducting state in these com-
pounds is a controversial issue [15, 16]. To the best of our
knowledge, it is still unclear whether slow magnetic fluctua-
tions or disordered magnetism exist in these superconductors.
In this respect, a microscopic investigation of the Re-doped

© 2016 IOP Publishing Ltd  Printed in the UK
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Figure 1. X-ray diffraction patterns of the single crystals
Ca;_,LaFe,As, (x = 0.0, 0.2, 0.3). The inset shows the normalized
electrical resistivity as a function of temperature of the Ca,_,La,Fe,
Asy(x = 0.2, 0.3) crystals.

Ca;_,Re,Fe,As, by Mossbauer spectroscopy, which has
been proved to be a powerful tool to explore the relation-
ship among the structural, magnetic and superconducting
transitions of iron-based superconductors [17-22], is neces-
sary in understanding the peculiar superconductivity in these
compounds. In the present work, we report a detailed 3’Fe
Mossbauer study of La-doped Ca;_,La,Fe;Asy(x = 0.2,0.3)
compounds. The distributions of quadruple splitting provide
strong support for phase separations in both compounds. With
decreasing temperature, the La-rich phase suffers directly
from superconducting transition while magnetic fluctuations
and/or spin-phonon coupling may appear in the La-poor phase
at temperatures slightly above T¢.. These observations provide
useful information for a better understanding of the observed
superconductivity in these superconductors.

Experimental method

Single crystals of electron-doped Ca; _,LaFe,Asy(x = 0.2,0.3)
superconductors were grown using FeAs self-flux method.
The FeAs precursor was first prepared by reacting stoichio-
metric amounts of Fe and As powders sealed inside an evac-
uated quartztu be at 973K for 20h. Ca and La pieces were
mixed with the FeAs powders according to the molar ratio
of(Ca;_,La,):FeAs = 1:4 and placed in an alumina crucible
then sealed inside an evacuated quartz tube. All the weighing
and mixing procedures were performed in a glove box filled
with argon atmosphere. The assembly was slowly heated
to 1473 K and held for 5h, then cooled to 1173K over 60h
before shutting down the furnace. Single crystals with flat
shiny surface up to 5 x 5Smm? can be obtained by cleaving
the as-grown crystals for further measurements.
Transmission Maossbauer spectra (MS) at temperatures
between 15K and 300K were recorded using a conventional
constant acceleration spectrometer with a y-ray source of25
mCi®’Co in palladium matrix. The absorber was composed
of several small crystals with ~50 pm in thickness, which
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Figure 2. The’’Fe Mossbauer spectra of Ca;_,La,Fe;As, (x = 0.2,
0.3) and the fitted results using an asymmetric doublet at different
temperatures.

is equivalent to ~10mg cm~? natural Fe. The absorber was
arranged perpendicular to the 7-ray direction to take the
crystal c-axis parallel to the ~-ray direction. During the meas-
urements, the absorber was kept static in a temperature con-
trollable cryostat filled with helium gas. The isomer shifts
quoted in this work were converted relative to that of a-Fe.

Results and discussion

The qualities of the single-crystal samples of Ca;_,La,Fe,As,
(x=10.0, 0.2, 0.3) were checked by room temperature x-ray
diffraction (XRD) using a Philips X'Pert diffractometer with
Cu ko radiation (figure 1).Only sharp peaks along (001)
orientation can be observed, indicating a high c-axis orientation
of the single crystals. With La doping, the peaks shift slightly
toward higher angle side, suggesting a successful chemical
substitution of La for Ca ion which results in decrease of the
c-axis lattice. Our observations agree with previous report [12],
and can be ascribed to the large ionic radius of La compared
with that of Ca. No impurity peaks are observable, indicating
the high purity of the samples.

The superconducting property of Ca;_,La,Fe,As, com-
pound was checked by standard electrical resistivity meas-
urement using the standard four-probe technique under zero
magnetic field. In samples with doping level x = 0.2 and
x = 0.3, the resistivity data show a superconducting transition
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Figure 3. The >’Fe Mossbauer spectra and the fitted results using the QSD method at different temperatures (a) and the distributions of
quadrupole splitting AEq at indicated temperatures (b) for Ca;_,La,Fe;As,(x = 0.2, 0.3) compounds.

temperature 7, around 42K and 39K, respectively (inset of
figure 1). No anomaly due to the magneto-structural transition
can be seen in the resistivity curves. The transition temper-
atures are similar to previously reported results [12, 13].The
fact that the sample with larger doping level exhibits a little bit
lower T, suggests that the x = 0.2 and 0.3 samples correspond
to under doped and over doped situations, respectively (see
[12] for a doping dependent phase diagram).

The 3’Fe Mossbauer spectra of Ca;_,LaFe,As, (x = 0.2,
0.3) single crystals at indicated temperatures are presented
in figure 2 (black dots). For our single crystal mosaic sam-
ples, the crystal c-axis is parallel to the propagation ori-
entation of ~-ray, which induces asymmetric quadrupole
spectra. Actually, the Mdssbauer spectra can be well fitted
with an asymmetric doublet from room temperature to 15K,
indicating the absence of static magnetic order in the two
compounds to the limit temperature of our measurements. It is
found that the attempts of including common impurities such
as FeAs, Fe,As, and FeAs,during the fitting procedure are not
valid to improve the accuracy of the fitting, which also con-
firms the high purity of the samples.

Itis well known that a Mossbauer spectrum is quite sensitive
to the local chemical and crystallographic environments of the
Mossbauer atoms. Considering the high concentration of the
dopant atoms in the samples, the Fe atoms may experience a
range of local environments provided that the La dopants dis-
tribute heterogeneously. Each distinct chemical and crystallo-
graphic environment contributes one pair of Lorentzian lines
to the Mossbauer spectrum, which leads to a continuous distri-
bution of quadrupole splitting. To get more information about
the local environments of Fe atoms, it is reasonable to adopt
the quadrupole splitting distribution (QSD) method to analyze

the Mossbauer spectra of the Ca;_,LasFe;As, compounds.
The Voigt-based QSD method was applied here [23, 24].
This method uses a certain number of generalized sites and
each normalized site-specific QSD is made up of a cer-
tain number of Gaussian components. In this method the
isomer shift couples linearly with the quadrupole splitting,
as & = Op; + ;A\, and the distribution of the quadrupole split-
ting can be expressed as P(A) = Yp;Gi(Aoi,I'A;, Aj;A), where
o is the isomer shift when A is zero, 7 is the coupling con-
stant, p; is the weight factor for the Gaussian (G;) with area A;
and width T'A\; centered at A;. The fitting line shape is a sum
of Voigt lines. Since in a QSD analysis the line width I" has
a precise physical meaning, it is taken to be the same for all
sites and was fixed as 0.234mm s~! here, a typical value for
a Lorentzian line width for a-iron using the same radioactive
source in our laboratory.

All the Mossbauer spectra of Ca;_,La,Fe,Asy(x = 0.2,0.3)
compounds can be fitted well with the QSD method, as shown
by the red solid lines in figure 3(a) at selected temperatures,
where AEq = eQVz,/2. For both samples during the temper-
ature region from room temperature to 60K, the profiles of
QSDs can be decomposed into two contributions (figure 3(b))
which are named according to the sign of AEq of the dome
peak as positive component and negative component herein-
after. At room temperatures, the positive component is massive
and centered around 0.31 mm s~ !, close to the reported AEq of
the parent compound CaFe,As, [25], the negative component
is centered around —0.32mm s~ with the area ratio about
9.0% for both samples. The QSDs of the two Ca;_,La,Fe,As,
samples exhibit similar evolutions with decreasing temper-
ature. There is no abnormality observed until ~60K, below
which the positive dome broadens gradually with fixed peak
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Figure 4. The evolutions of V%, and VdZ% with the state of energy
for Ca;_,La,Fe;Asy(y = 0, 0.125, 0.25, 0.5) compounds.

position. When it is very close to the critical temperature Tc,
an abrupt rightward shift of the negative dome starts. Soon
below Tc, it is hard to distinguish the negative dome from the
positive one due to its small area ratio.

Considering the high purity of the samples and the temper-
ature dependant behaviors of the QSDs, the negative comp-
onent can’t be ascribed to the impurities in the samples.
To understand the origin of the negative component of QSD,
we performed first principles calculations about the electronic
structures and the electric field gradient (EFG) of Ca;_,La,
FeyAsy(y = 0.125, 0.25, 0.5) model systems. The full poten-
tial linearized augmented plane wave (FP-LAPW) method as
embodied in the WIEN2K code in a scalar relativistic version
without spin—orbit coupling was adopted [26, 27]. Details
of calculation methods can be found in [28]. At each doping
level, several configurations can be founded. To mimic the
situation of homogeneous distribution of the dopant atoms,
the one with the highest symmetry was carefully chosen as
the model system for further calculations. All model systems
were optimized and the atomic coordinates were fully relaxed
using the conjugate-gradient algorithm until the maximum
force on a single atom is less than ImRy AL

For CaFe,As, compound, a tetragonal to collapsed tetrag-
onal phase transition happens if Ca ion is substituted by
rare earth element with smaller ion radius at proper doping
level [12]. It is confirmed that the collapse happens when
the interlayer As—As distance reaches the critical value of

3.0 A, independently of the dopant. Since the ion radius of
La®" is larger than that of Ca>*, no collapse phase transition
should be expected in Ca;_,La,Fe,As, systems. According to
our calculations, the tetragonal symmetry of the parent com-
pound retains for all model systems and all have nonmagnetic
ground state. It is found that the lattice constants a increase
slightly with increasing doping content, which is consistent
with experiments [12]. For Cag7sLag, 25FezAsz, for example
the calculated lattice parameters a = 4.00 A, c=11.05 A,
das as = 3.14 A, match well with the experiments. The main
results of the calculations yield V,, (x10?' V. m~2), the prin-
ciple component of EFG, of 0.297,—0.319 and —0.573 for
y=0.125, 0.25, 0.5, respectively. Obviously, V,, changes
from positive to negative with increasing La content.

To capture the details of EFG in Ca;_,La Fe;As; system,
we decomposed the EFG at iron site into the contributions of
p-p interaction and d—d interaction, named as V¥, and VZZ,
respectively. Figure 4 shows the calculated evolutions of the
two terms with the state of energy for Ca;_,La,Fe;As; sys-
tems, where the EFG of the parent compound is also shown for
the convenience of comparison. Obviously, the contribution
from d—d interaction is dominant for all systems, especially
from the d- tzg orbitals near the Fermi energy. The profiles of
VP and V3 of y = 0.125 system are quite similar to those
of the parent and the sum of the energy integrals of the two
terms yields positive V.. But the energy dependence of V¥,
and V are quite different for y = 0.25 and y = 0.5 systems,
especmlly in the energy region close to the Fermi level, and
the sum of the energy integrals yields negative V_..

The switch of the V., sign can be well explained in terms
of charge redistribution of Fe-3d electrons with doping level.
Generally, EFG is determined by the non-spherical charge-
density as well as the radial dependence of the anisotropic
charge density. In CaFe,As, parent compound, an iron atom
is in the center of a slightly distorted tetrahedron cage formed
by four As atoms. To describe the distortion of the FeAs
tetrahedron, we calculated the angle 6 formed by the iron
atom cornered by two As atoms with the same c-coordinate
in the tetrahedron. It is found that 6 increases from 109.8° for
y = 0.0 to 119.4° for y = 0.5, which means the FeAs tetrahe-
dron is flattened along the c-axis by La doping. This kind of
distortion will directly influence the band structures of Fe-3d
electrons near the Fermi level. We calculated the occupation
number of each Fe-3d orbital and find that, with increasing
La content, the electrons move from the d,, orbital to the d,,
and d,, orbitals, namely, from the ab-plane to out-of-plane.
The charge redistribution changes the spatial symmetry of 3d
electrons and switches the sign of V,, at proper La content.
This orbital-dependent electronic structure reconstruction has
been observed by polarization-dependent angle-resolved pho-
toemission spectroscopy measurements and band calculations
[29, 30].

Under the direction of the theoretical calculations, the
experimental QSDs of Ca;_,LaFe,As, compounds can be
well understood. For a homogeneous doping system, one
QSD would be produced. For systems with high doping con-
centration, like the two Ca;_,La,Fe;As, compounds in the
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present work, heterogeneous distributions of La atoms may
occur which naturally produce variations in the local environ-
ments of iron atoms. Therefore, multiple QSDs are formed in
the Mossbauer spectra. According to the calculations, it is rea-
sonable to ascribe the positive QSD component to the contrib-
utions from Fe atoms with comparatively less La neighbors,
while the negative QSD component comes from Fe atoms
with comparatively more La neighbors.

The Fermi surface reorganization caused by the forma-
tion of superconducting gap leads to redistributions of Fe-3d
electrons in iron pnictids, which may induce observable
modifications in V,, around the transition temperature [31].
As mentioned above, the negative QSD dome moves right-
ward abruptly at 7. and soon merges into the positive dome
below T.. Therefore, it is reasonable to ascribe the abnormal
behavior of the negative QSD component around T, to the
superconducting transition happened in regions rich in La
dopants. On the other hand, the positive QSD component
changes smoothly around 7¢, implying that the regions with
poor La dopants do not take part in superconducting. Note
that the area ratio of the negative QSD dome is about 9%,
which is similar to recent reports about a very small super-
conducting volume in La-doped Ca;_,La,Fe,As, [32, 33]
and Ca;_,Pr.Fe,As, [16] superconductors. Suppose the
average doping content is 0.25 for the La-rich phase, the
average doping concentration can be estimated to be ~0.05
for the La-poor phase, which is far away from the super-
conducting region in the doping phase diagram. Thus the
superconductivity in Ca;_,La,Fe,As, should be inhomoge-
neous in nature. Our observations provide new evidence in
explaining the very small superconducting volume fraction
of these superconductors.

Whether magnetic and superconducting regions reside
in nanoscopically separated phases or coexist on an atomic
scale has attracted intense study since the discovery of high
temperature superconductivity in iron pnictides. Hence it is
interesting to explore the possibility of magnetic fluctuation
in La-poor regions. For this purpose, we turn to the hyperfine
parameters obtained from an asymmetric doublet fitting of the
measured Mossbauer spectra of the two samples.

Since the crystal field splitting influences the spin state of
Fe?* in iron pnictides, we focus on the temperature depend-
ence of the quadruple splitting (eQV./2) (figure 5(a)) to
deduce the tetragonal splitting of Fe-f5, orbitals. All parent
compounds of iron pnictides have the electronic configuration
Fe d® and the tetrahedral crystal field splits the free-ion Fe?*
ground term into a low-lying doublet e, and a higher triplet 75,
(dyy, d;, dy;) separated by ~0.2eV [26].The irregularity of the
FeAs tetrahedron induces a further splitting of 75, levels, that
is, dy; + d, orbitals are pushed to higher energy side and the
d,, orbital is slightly lowered. As mentioned above, the main
contributions to the V., of iron site come from the 1, orbitals
near the Fermi energy, while the mixing of e, state and 15,
state is expected to be small since the tetrahedral crystal field
splitting is large (~0.2eV) [29]. In this case, the V,, can be
expressed as the thermal average of contributions from the
three 15, orbitals [34], as

= exp
= calc
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Figure 5. Temperature dependences of (a) eQV,/2 and the
theoretical fittings (solid lines) using equation (2) described in

the text; (b) the spectral line width I'ey, and the spectral area,
normalized to that at 15K; (c¢) the center shift (CS) of the MS
spectra and the deduced mean-square velocity for Ca;_,La,Fe,As,
compounds. The dotted lines in (b) and (c) are intended as guides
to the eyes only. The inset in (a) shows the energy splitting A of #,,
orbitals versus doping content.

> (Vo) exp [—Ail(ksT)]

V =
= S exp [~ Ail(ksT)] W

where A; is the energy of the ith orbital with respect to the
ground state, (V,.)' is the contribution from orbital di. For
simplicity, we adopt the expectation values of (V..)! as pure
Fe-3d orbitals [35] because the spin—orbit coupling produces a
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small effect on the quadrupole splitting (~0.001 x 10?' V m—2
according to our DFT calculations). Setting d,, as the ground
state, one obtains

B 1 — exp[—A/(kBT)]
Voo (T) = (Vo) + (V)(0) 1 + 2exp[—A/kgT]

2

where (V)¢ contains all temperature independent contrib-
utions, V_.(0) corresponds to the value at 0K.

Analyzing the temperature dependence of eQV../2 from
room temperature to 60 K using equation (2) yields A = 17(9)
meV for x =0.2 and A = 21(3) meV for x = 0.3(see solid
lines in figure 5(a)). Based on the calculated electronic band
structures of Ca;_,La,Fe;As; model systems, we calculated
the weighted center positions of dyy and dy, + dy, orbitals and
evaluated the tetragonal splitting A, as the difference between
the two center positions, which yields Ag s =8 meV,
Apos =26 meV andAgs = 42 meV. The results conforms to
the theoretical calculations, see the inset of figure 5(a). We
can see the splitting is rather small (A/J ~ 0.1 with J being
the Hund’s coupling constant [14]) in Ca;_,La,Fe,As, com-
pounds, which favors nonzero spin states (S = 0). Actually,
Gretarsson found that the Felocal moment is about 0.9 up at
room temperature and remains unchanged with decreasing
temperature in Cag 73Lag 20FerAs, using Fe Kg x-ray emission
spectroscopy [14]. At low temperatures the correlations among
the iron moments may result in short range magnetic fluctua-
tions. Considering that the positive QSD component contains
91% of iron atoms in the samples, the hyperfine parameters
deduced via one doublet fitting represent the information of
the La-poor phase.

On the basis of the temperature dependences of the line
width, the spectra area and the center shift (CS), it seems
that magnetic fluctuations and/or spin-phonon coupling
appear in La-poor regions at temperatures slightly above
T. in Ca;_,LaFe,As, superconductors. Figure 5(b) dis-
plays the temperature dependences of the spectral line width
Lexp(T) (upper panel), together with the relative spectral area
In(A(T)/A(15)) (bottom panel), where A(15) being the spectral
area measured at 15K. As can be seen, for each compound,
Lexp(T) is almost constant with decreasing temperature till
~60 K below which a sudden upturn happens. Simultaneously,
In(A(T)/A(15)) manifests an anomaly in the increasing
tendency.

There are several reasons which can result in line width
broadening of the Mossbauer spectra, such as: (1) disorder
and/or inhomogeneous substitution induced distributions of
hyperfine parameters (including mainly the isomer shift, the
quadruple splitting and the hyperfine magnetic field); (2) the
onset of short-range magnetic fluctuations; (3) the appear-
ance of spin-phonon coupling. As mentioned above, though
the peak position of the positive QSD component is hardly
moved, the profile gets flattened below 60K, indicating the
distributions of quadruple splitting in this phase. But the quad-
ruple splitting distribution alone does not cause extra increase
in the spectral area. Usually the sudden increase in the spectra
area is an indicator of the appearance of magnetism due to
saturation effect, i.e. the magnetic splitting of the energy

levels of a 3’Fe nucleus always accompanies an abrupt expan-
sion of the spectral area [36]. However, magnetically split-
ting is not observable till the limit temperature of the present
measurements.

We suggest that the line width broadening observed here is
likely due to the appearance of short-range spin nematic fluc-
tuations in these compounds. Strong low-energy spin nematic
fluctuations have been observed at temperatures much higher
than structural/magnetic phase transition temperatures in
iron pnictides [37, 38]. Synchrotron Mdossbauer spectroscopy
detected short-range magnetic transition in the tetragonal
phase in BaFe,As; [20]. It is found that for hole-doped and
electron-doped 122-type iron pnictides, superconductivity is
even adjacent to nematic fluctuations near optimum doping
region [39, 40]. These facts strongly suggest the significance
of nematic order in the evolution from magnetic phase to
superconducting state.

Within the general framework of spin nematic fluctuations,
the emergence of EFG distributions around 60K is expected.
There are three types of nematic instabilities according to the
origin: structural, orbital and spin-driven nematic order. No
matter which one drives the nematic instability, the three order
parameters must be present simultaneously because the order
parameters are bi-linear combinations [41]. There is general
agreement among researchers that magnetic fluctuations drive
the nematic instability in iron pnicdtides, which spontane-
ously break the tetragonal symmetry of the system and induce
nematicity in orbital order [42].The orbital nematicity could
arise charge redistribution between localized d,, orbitals and
itinerant d../d,, orbitals, which results in EFG distributions
since, as mentioned above, these three orbitals contribute
most to the EFG of these compounds.

Besides orbital nematic fluctuations, structural distortion,
which is normally associated with a phonon-driven structural
transition, is also expected and the spin-phonon coupling can
be detected by Mossbauer spectroscopy due to its high energy
resolutions. Close investigations of the recoil-free factor fand
the CS of the MS spectra provide traces of spin-phonon cou-
pling in both Ca;_,LaFe,As, samples. In the thin-absorber
approximation, the recoil-free factor f'is related to the mean-
square amplitude of vibrations (x?) of the Mossbauer atoms
as f = exp(—(x*)k?), while the CS of the spectra is related to
the mean-square velocity (v?) of the vibrating atoms via the
second-order Doppler shift (SOD) as SOD = —E (v?)/2c?,
where E, is the energy of the gamma rays. As shown in fig-
ures 5(b) and (c), both —In(A(T)/A(15)) and CS deviate
from the dotted lines expanded from the high temperature
behaviors below 60 K. Obviously, the decreasing tendencies
of (x?) and (v?) stagnate, suggesting the appearance of spin-
phonon interaction. Recently, spin-phonon coupling has been
observed by Raman scattering study on a similar compound
Cay ggPry 12FerAs; [43].

The fact that no magnetic fluctuations have been detected in
Ca,_,La,Fe,As; by neutron scattering may be due to two fac-
tors: first, the nematic fluctuations are hindered by the hetero-
geneously distributed La-rich regions in the compounds and
the fluctuations may behave like magnetic clusters relaxation;
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and second, the average size of the nematic clusters is far
smaller than the neutron-scattering value (~10nm) but can be
observed by the Mdssabuer spectrum [44].

Conclusions

In summary, we have studied the La-doped Ca,_,La,Fe;As,
(x = 0.2, 0.3) superconductors using >’Fe Mossbauer spectr-
oscopy and first principles calculations. According to the
theoretical calculations of the electronic structures and V,,
of the Ca;_yLa,Fe,As,(y = 0.125, 0.25,0.5) model systems,
the V,, experienced by iron nucleus changes from positive
to negative, which is ascribed to the charge repopulation
among f.orbitals induced by the increasing tetragonal split-
ting with doping level. The QSDs of Ca;_,LaFe;As, com-
pounds provide evidence of heterogeneous distribution of
the La atoms. According to the temperature dependence of
QSDs, it is clear that the La-rich phase and the La-poor phase
is separated spatially and it is the La-rich phase that under-
goes superconducting transition with decreasing temperature.
If this is indeed the case, it will be interesting to determine
the similarities and differences in pairing mechanism between
the Re-doped CaFe,As, superconductors and other 122-type
pnictides. More experiments based on local probes are desired
to check this picture.
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