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Selected members of the La(Fe, Mn)As(O0.89F0.11) system were analyzed using high-resolution synchrotron
x-ray powder diffraction. The tetragonal to orthorhombic structural transition is progressively recovered in
the optimally electron-doped LaFeAs(O0.89F0.11) phase by very light Mn substitution; at the same time, su-
perconductivity is suppressed whereas magnetic ordering is restored. Distinct incommensurate satellite peaks
develop within different thermal ranges and mark the occurrence of charge density waves characterized by
distinct propagation wave vectors, as well as multiple incommensurate structural transitions; in particular,
some of them arise in conjunction with the structural transformation process, disappearing after the completion
of the dissymmetrization. The thermal evolution of satellite reflections observed at Q ∼ 1.93 Å–1 indicates a
strong competition between the charge density waves and the superconductive state. A phase diagram of the
La(Fe, Mn)As(O0.89F0.11) system is drawn on the basis of the structural, magnetic, and electronic properties of
the analyzed samples.
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I. INTRODUCTION

The class of compounds referred to as Fe-based supercon-
ductors has attracted huge interest since the discovery of a
relatively high superconducting transition temperature (Tc) in
electron-doped LaFeAsO [1]. In particular, the LnFeAs(O, F)
compounds (Ln: lanthanide) belong to the so-called 1111-type
family and their properties result from a delicate and tangled
interplay between magnetism, superconductivity, and crystal-
lochemistry [2]. Specifically, superconductivity is achieved by
suppressing magnetism; this is usually obtained by electron
doping, that is, by an appropriate chemical substitution of O
with F, or even by hole doping. Pure LnFeAsO compounds
undergo a structural transformation upon cooling at Ts, fol-
lowed by a magnetic transition at Tm, where Tm < Ts [3–7].
The origin of this structural transition is not yet clarified and
it is generally ascribed to orbital or spin degrees of freedom
[8–12].

Many different kinds of chemical substitution were inves-
tigated in order to gain a better comprehension of the physical
properties of these materials. Among all, Mn substitution at
the Fe site stands out, since it triggers unusual changes in
these materials; in principle, Mn substitution should act as
hole doping, but it is actually detrimental to superconductivity.
In fact, optimally electron-doped La(Fe1–xMnx )As(O0.89F0.11)
samples exhibit an anomalously huge suppression of su-
perconductivity by Mn substitution as small as x ∼ 0.002,
whereas static short-range magnetism is recovered for x �
0.001 [13,14]. In Nd- and Sm-based systems, superconduc-
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tivity is also suppressed, but the amount of Mn substitution
is more than 10 times larger [15,16]. The peculiar behavior
characterizing the La-based system is probably related to the
size of the La3+ ionic radius, which is the largest among Ln3+
ions, producing chemical pressure.

Powder diffraction analysis recently evidenced a dramatic
suppression of the tetragonal to orthorhombic structural tran-
sition temperature in undoped La(Fe1–xMnx )AsO samples
(x = 0.02 and 0.04) [17,18]. More interesting, the occur-
rence of satellite peaks was detected in the low-temperature
orthorhombic phase field, indicating the development of a
static incommensurate modulated structure in this region [17].
These findings point to an additional charge degree of free-
dom, suggesting that charge density wave (CDW) instability
can play a primary role in determining the structural, mag-
netic, and transport properties of Fe-based superconductors.
Notably, a similar finding has been subsequently reported
for the structurally homologue Ba(Ni1−xCox )2As2 system,
where the development of an incommensurate CDW state
couples with a low-temperature structural transition [19]; pre-
viously, evidence for charge modulation at the Fe site was
also detected in AFe2As2 (A = Rb, Cs) compounds by 75As
nuclear quadrupole resonance [20,21]. These studies disclose
an alternative view for the phenomenology of Fe-based super-
conductors, indicating that CDW and superconductive (SC)
states are adjacent and competing in the phase diagrams.
Local structural analyses of the same samples evidenced an
emerging disorder in the structure as well as a sharp increase
in the Fe moment even with a very small amount of Mn
substitution [22,23].

The aim of the present work is thus to investi-
gate in depth the structural properties characterizing the
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La(Fe1–xMnx )As(O0.89F0.11) system by means of high-
resolution x-ray powder diffraction, and relate these properties
with the transport and magnetic ones. In particular we will fo-
cus on the compositional range neighboring x = 0.010, where
a transition from the SC to the magnetic (M) ground state is
observed in the phase diagram [14]. Here we report two main
outcomes. The first is the presence of structural distortions as-
sociated to the magnetic state induced by the Mn doping. The
second outcome is that all the investigated samples display
weak, not-indexed Bragg peaks with a strong sample depen-
dent temperature evolution of their intensities, pointing to the
presence of incommensurate modulated structure involving a
CDW state.

The observed phenomenology indicates that the CDW
state is ubiquitous in the LaFeAsO family, possibly pinned by
the Mn impurities. Interestingly, one of the incommensurate
peaks can be associated to the structural transition and
one seems to be anticorrelated to the superconducting
state. Finally a revised and updated phase diagram of
La(Fe1–xMnx )As(O0.89F0.11) which includes the structural,
magnetic, and electronic properties, is drawn as a function of
Mn.

II. EXPERIMENT

The sample preparation and characterization by means of
electrical resistivity, superconducting quantum interference
devices (SQUID) magnetometry, muon spin rotation (μSR),
nuclear quadrupole, 75As nuclear magnetic resonance, and ex-
tended x-ray absorption fine structure (EXAFS) are accurately
described in Refs. [13–15,22,23]. In particular, μSR analy-
sis evidenced that for samples with x = 0.0020, 0.0010, and
0.0075 a fully magnetic state with 100% of magnetic volume
is gained just below the magnetic transition temperature, sim-
ilarly to what observed in the La(Fe1–xRux )AsO system [24].
The nominal compositions selected for the structural analy-
sis and pertaining to the La(Fe1–xMnx )As(O0.89F0.11) system
were x = 0.00025, 0.00075, 0.0010, 0.0020, 0.0025, 0.0050,
and 0.0075. X-ray powder diffraction (XRPD) data (l =
0.400 02 Å) were collected between 5 and 295 K (on warm-
ing) at the ID22 high-resolution powder diffraction beamline
of the European Synchrotron Radiation Facility (ESRF) in
Grenoble, France. In particular, samples with x = 0.0100,
0.0200, 0.0500, and 0.0750 were analyzed in the aforemen-
tioned thermal range, whereas samples with x = 0.0025 and
0.0075 were analyzed only at 295 K and the sample with
x = 0.0250 only at 10 K.

The crystal structure was refined using the fullprof program
[25]; refinements were carried out using a file describing the
instrumental resolution function whereas the diffraction lines
were modeled by a Thompson-Cox-Hastings pseudo-Voigt
convoluted with axial divergence asymmetry function and
the background by a linear interpolation between a set of
fixed points. In the final cycle the following parameters were
refined: the scale factor, the zero point of detector, the unit
cell parameters, the atomic site coordinates not constrained
by symmetry, the overall displacement parameter; and the
anisotropic strain parameters. From the positions and shapes
of the diffraction line profiles, the microstructure was in-
vestigated by using the refined anisotropic strain parameters

FIG. 1. Evolution of the cell parameters as a function of Mn
content in La(Fe1–xMnx )As(O0.89F0.11) samples at 295 K.

and analyzing the broadening of diffraction lines by means
of the Williamson-Hall plot method [26]. Generally, in the
case where size effects are negligible and the microstrain
is isotropic, a straight line passing through all the points in
the plot and through the origin has to be observed, where
the slope provides the microstrain: the higher the slope the
higher the microstrain. If the broadening is not isotropic, size
and strain effects along particular crystallographic directions
can be obtained by considering different orders of the same
reflection.

III. RESULTS AND DISCUSSION

A. Structural relationships at room temperature

The Rietveld refinements carried out using XRPD data
collected at 295 K reveal that all samples crystallize in the
tetragonal P4/nmm space group. Figure 1 shows the corre-
sponding dependence of the cell parameters on Mn content,
displaying an irregular trend centered in the compositional
range (x ∼ 0.0010) corresponding to the crossover between
the superconductive and the magnetic ground state [14].

Figure 2 shows the response of the LaFeAsO structure to
the chemical substitution in LaFeAs(O,F), La(Fe,Mn)AsO,
and La(Fe,Mn)As(O,F); all these distortions are along {00l}
and do not break the tetragonal P4/nmm symmetry. In

FIG. 2. Distortion patterns of the LaFeAsO crystal structure as
observed for different combinations of F and Mn substitution (arrows
represent atomic displacements).
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FIG. 3. Thermal evolution of the tetragonal anisotropic strain parameters obtained by Rietveld refinement for the samples x = 0.0020 (on
the left) and 0.0010 (on the right); lines are guides to the eye; β represents the integral breadth of the diffraction line profile. The insets show
the corresponding tensor surfaces calculated at selected temperatures.

LaFeAs(O,F), both tetrahedral layers are expanded along the
c axis, but this effect is more pronounced for the [LaO]+
layer. After Mn substitution, the crystal structure displays a
notable expansion of the tetrahedral [FeAs]– layer along the
c axis, slightly compressing the sandwiched [LaO]+ layer.
In the La(Fe1–xMnx )As(O0.89F0.11) system, both tetrahedral
layers undergo a compression along the tetragonal axis, more
pronounced for the La-O layer. It is evident how layers react
in opposite ways to chemical substitution in LaFeAs(O,F)
and La(Fe,Mn)As(O,F) compounds. Roughly, it can be sum-
marized that when the [LaO]+ layer is electron doped by
F substitution, the [LaO]+ and [FeAs]– layers reciprocally
attract, thus favoring the charge transfer between them; con-
versely, when Fe is substituted by Mn, the charge transfer is
hindered on account of the [LaO]+ layer compression (elec-
trons are much more attracted by the central La3+ cation),
disfavoring superconductivity.

B. Tetragonal to orthorhombic structural transformation

As already reported [14], Mn substitution progressively re-
covers the symmetry breaking that is suppressed in optimally
F-doped compounds. As a rule, the structural transition in
these compounds is marked by a selective peak splitting of
the tetragonal hhl reflections; nonetheless, in some cases only
a selective peak broadening of the same tetragonal hhl diffrac-
tion lines can be detected, depending on the amplitude of
the orthorhombic distortion and/or the instrumental resolution
[7,27]. In the present case, a careful line broadening analysis
is required in order to recognize if and at what temperature the
structural transition occurs.

Clear evidence for symmetry breaking occurrence in sam-
ples with x = 0.0050 and 0.0075 is provided by peak splitting
of the diffraction line located at Q ∼ 4.41 Å (the 220
reflection in the tetragonal indexing; see Figs. 1 and 2 in
Ref. [14]). Differently, samples with x = 0.0010 and 0.0020
display an asymmetric peak broadening that deserves an ac-
curate analysis. The sample with x = 0.0020 is characterized
by a fully magnetic ground state (static short-range mag-

netism) with a magnetic transition temperature Tm ∼ 6.5 K,
whereas superconductivity is totally suppressed [13]. Figure
3 (on the left) shows the thermal evolution of the anisotropic
strain parameters along the main crystallographic directions
as obtained after Rietveld refinement for the sample with
x = 0.0020 using a tetragonal structural model in the whole
inspected thermal range. The structural strain along {h00},
{00l}, and {h0l} remains constant with temperature. Con-
versely, the strain along {hh0} homogeneously increases down
to ∼60 K, then abruptly rises between 30 and 50 K and
finally tends to saturate below 20 K. Notably, the strain
along {hh0} determines the selective peak broadening of
the same hhl diffraction lines marking the structural transi-
tion by splitting. This behavior is typically observed also in
other 1111-type compounds undergoing symmetry breaking
on cooling [28–30]. The inset of Fig. 3 (on the left) dis-
plays the observed tensor isosurfaces (obtained by the refined
tetragonal anisotropic strain parameters) representing the mi-
crostrain broadening characterizing the sample at selected
temperatures. It is evident the development of a fourfold ten-
sor surface in the ab plane on cooling, fully consistent with
the microstrain expected for the 4/mmm → mmm point group
transition [31] involved in the P4/nmm → Cmme dissym-
metrization. In this context, it is worth noting that no active
soft mode can trigger the atomic displacements producing this
in-plane microstrain observed in LnFeAsO compounds [32],
demonstrating that structural degrees of freedom do not drive
the structural transition. A large structural microstrain is also
observed along the c axis, but remains constant in the whole
inspected thermal range; as a matter of fact, this is produced
by the atomic displacements described in Fig. 2 and conforms
to the nonsymmetry breaking �+

1 (A1g) soft mode [32].
These results indicate that the crystal structure of this sam-

ple is orthorhombic at low temperature, as also confirmed
by Rietveld refinements; in fact, both RBragg and Rf factors
are significantly lower for the refined orthorhombic structural
model (RBragg = 4.78%; Rf = 4.20%) in comparison with the
tetragonal one (RBragg = 5.41%; Rf = 4.34%).
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FIG. 4. Portions of full-pattern synchrotron x-ray Rietveld refinement plots for x = 0.0010 at 10 K showing the tetragonal 220 and
orthorhombic 400 + 040 diffraction lines fitted with different structural models.

A somehow similar behavior characterizes the sample with
x = 0.0010, exhibiting a remarkable increase of the structural
strain along {hh0} for T � 50 K (Fig. 3, on the right), but no
saturation at lower temperature. As for the previous sample,
also the x = 0.0010 sample develops an in-plane fourfold ten-
sor surface on cooling (inset of Fig. 3, on the right) consistent
with the 4/mmm → mmm point group transition, suggesting
that even in this case a structural rearrangement is at play.

In order to determine the correct crystal structure of
La(Fe0.99Mn0.01)As(O0.89F0.11) at 10 K, three different struc-
tural models were considered: (i) a tetragonal, (ii) an
orthorhombic, and (iii) a two-phase model where both poly-
morphs are included. The best result after convergence is
achieved by applying the two-phase structural model; more-
over, the refinement indicates that ∼63 wt % is constituted
of the orthorhombic phase plus ∼37wt % of the tetragonal
polymorph (Fig. 4).

It could be argued that the presence of both polymorphs
at low temperature is related to a not-homogeneous dis-
tribution of the substituting elements; this hypothesis can
be ruled out after microstructural analysis. Figure 5 shows
the Williamson-Hall plot obtained for the sample with x =
0.0010 after Rietveld refinement at 250 K, that is, in the
tetragonal phase field; the straight lines in the plot provide
a qualitative measurement of the structural strainlike broad-
ening of the diffraction lines along the main crystallographic
directions (the higher the slope, the higher the strainlike
broadening). In the case of an irregular distribution of the
substituting elements, a fluctuation of the interplanar distances
is obtained for crystallites characterized by different composi-
tions; as a result, a selective microstrainlike peak broadening
occurs in the diffraction pattern. In the particular case of the
tetragonal system, peak broadening should increase with the
square cosine of the angle ϕ between the diffraction vector and
the c direction. In Fig. 5 a strong microstrainlike broadening
is observed along {00l}, but along {h0h} the broadening is
lower compared to the in-plane {h00} and {hh0} directions,
indicating that compositional fluctuations are negligible and

line broadening is originated by structural microstrain caused
by the atomic displacements depicted in Fig. 2.

As a matter of fact, the sample with x = 0.0010 is located
at the crossover between the competing SC and M ground
states and is electronically phase separated. In fact, previ-
ous analyses [13] revealed that a superconducting ground
state characterizes this compound (Tc = 11.5 K); moreover,
no static magnetism is present, but short-range static magnetic
interactions take place at lower temperature. In particular, the
magnetic fraction is ∼55wt % at 1.5 K, as evaluated by μSR
analyses [13]; this result clearly indicates that the short-range
magnetic phase develops within the orthorhombic polymorph
(∼63wt % at 10 K).

FIG. 5. Williamson-Hall plot obtained after Rietveld refinement
for the sample with x = 0.0010 at T = 250 K (β represents the inte-
gral breadth of the diffraction line profile measuring the broadening
produced by structural strain).
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FIG. 6. Thermal expansion of the sample x = 0.0020, selected
as representative; the hatched line represents the region where
the tetragonal to orthorhombic structural transition takes place;
the solid line represents the best fit to a second-order Grüneisen
approximation,

The thermal expansion for the different samples was fitted
using a Grüneisen second-order approximation for the zero-
pressure equation of state [30,33]: The fitting was carried
out assuming K0 = 1.03 × 1011 Pa, which is the experimental
bulk modulus value extracted from high-pressure synchrotron
XRPD measurements on SmFeAs(O0.93F0.07) [34], and �D =
282 K, which is the experimental Debye temperature calcu-
lated from heat capacity data [35]. In every case the observed
thermal dependence of the volume is correctly described
by the Grüneisen law and no departure is observed at low
temperature, in agreement with the results obtained for both
La(Fe1–xRux )AsO and La(Fe1–xMnx )AsO systems [18,30];
(Fig. 6) shows the result obtained for the sample x = 0.0020,
selected as representative.

C. Charge density wave state

A closer inspection of the XRPD patterns reveals the pres-
ence of some extremely weak Bragg reflections that cannot
be indexed by three-integer indices, possibly marking the
occurrence of an incommensurate modulated structure involv-
ing a CDW state. In particular, these satellite reflections are
observed at Q ∼ 1.93, ∼1.975, ∼2.00, and ∼2.36 Å–1, but
the thermal dependence of their intensities differently evolve
in the different samples, pointing to distinct incommensurate
periodicities taking place and vanishing at different tempera-
tures. In this context, it is worth noting that similar multiple
incommensurate structural transitions have also been reported
for several other materials (see, for example, Refs. [36–41]).
Notably, the satellite peak observed at Q ∼ 2.04 Å–1 in the
La(Fe1–xMnx )AsO system [17] is not detected in the investi-
gated La(Fe, Mn)As(O0.89F0.11) samples.

Figure 7 shows an enlarged view of the thermodiffrac-
tograms collected for the samples x = 0.0010 and 0.0020 in
a Q region where some of these very faint satellite peaks
are observed. In particular, the thermal dependence of the
satellite peak located at ∼1.975 Å–1 is different in these two
samples. In the sample x = 0.0010, characterized by a fully
superconductive ground state, this peak is present at high
temperature, but disappears on cooling. Conversely, in the
sample x = 0.0020, characterized by a fully magnetic ground
state, it arises at low temperature in the orthorhombic phase
field. In the samples with x = 0.0050 and 0.007 50 it is ob-
served in the whole inspected thermal range (not shown). The
presence of this incommensurate peak at Q ∼ 1.975 Å–1 in
all the samples and its disappearance for x = 0.0010 when
cooling towards the SC state suggests a strong competition
between this particular CDW and superconductivity.

Another satellite peak located at Q ∼ 2.36 Å–1 appears
systematically in all the samples and can likely be linked to the
symmetry breaking process. In the sample x = 0.0010 (Fig. 8,
on the left) it is only observed at 10 K, that is, in the region
of the phase diagram where the superconductive tetragonal
phase coexists with magnetic short-range ordered orthorhom-

FIG. 7. Enlarged view of the thermodiffractograms for the samples with x = 0.0010 and 0.0020 showing the thermal dependence of the
intensity of the satellite peaks located at Q ∼ 1.93, ∼ 1.975, and ∼ 2.00 Å–1 (arrows).
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FIG. 8. Thermal evolution of the satellite peak at Q ∼ 2.36 Å–1 in samples with x = 0.0010 (on the left) and x = 0.0020 (on the right).

bic polymorph and the anisotropic strain is maximum (Fig. 3,
right panel). Conversely, in the sample x = 0.0020 this same
satellite reflection arises below ∼120 K, gains its maximum
intensity just above the symmetry breaking (∼60 K as shown
in Fig. 3 left panel), and then rapidly decreases by further
cooling until its complete suppression around ∼10 K.

Figure 9 shows that in the sample x = 0.0050 this satellite
peak at Q ∼ 2.36 Å–1 is observed only in the thermal range
where the tetragonal to orthorhombic transformation takes
place. In the sample x = 0.0075 this satellite peak is shifted at
a slightly lower Q and appears in a wider thermal range; also
in this case, the satellite reflection is observed in the thermal
range where symmetry breaking is observed.

FIG. 9. Comparison between the thermal evolutions of the satel-
lite peak at Q ∼ 2.36 Å–1 and the tetragonal 220 diffraction line
splitting into the orthorhombic 400+040 reflections in samples with
x = 0.0050 and x = 0.0075.

Summarizing, it can be observed that superconductivity
is suppressed with the onset of the satellite peak at Q ∼
1.93 Å–1, demonstrating the strong competition between this
particular CDW and the SC state. Moreover, a distinct CDW
marked by an incommensurate reflection at Q ∼ 2.36 Å–1 de-
velops coupled with the structural transformation, thus likely
playing a significant role in the symmetry breaking process.

D. Phase diagram of the La(Fe1–xMnx)As(O0.89F0.11) system

Figure 10 shows the tentative phase diagram for the
La(Fe1–xMnx )As(O0.89F0.11) system as obtained by combin-
ing the structural data analyzed in the present work with

FIG. 10. Tentative phase diagram of the
La(Fe1–xMnx )As(O0.89F0.11) system in the inspected compositional
range; the magnetic phase field is drawn for both a magnetic volume
fraction equal to 50% (sparse pattern) and 100% (dense pattern)
(see text for details); temperatures at which incommensurate peaks
are observed are also indicated (�: CDW at Q ∼ 1.93 Å–1; ©:
CDW at Q ∼ 1.97 Å–1; �: CDW at Q ∼ 2.00 Å–1; •: CDW at
Q ∼ 2.36 Å–1).
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the experimental results achieved by SQUID magnetome-
try, muon spin rotation (μSR), nuclear quadrupole, and 75As
nuclear magnetic resonance reported in Refs. [13,14]. In par-
ticular, the magnetic phase field is drawn for both a magnetic
volume fraction equal to 50% (sparse pattern) and 100%
(dense pattern). The onset and downset structural transition
temperatures are estimated by analyzing the thermal depen-
dence of the microstrain, the evolution in temperature of
the tetragonal 220 diffraction line, and by comparing the
goodness of fits obtained by applying the tetragonal, the
orthorhombic, and the tetragonal + orthorhombic structural
models during Rietveld refinement. Moreover, it is evident
how the incommensurate satellite peaks at Q ∼ 2.36 Å–1 (•
data) are observed in the thermal range where dissymmetriza-
tion occurs, whatever the composition, thus pointing to a
primary role of the CDW instability in the structural transition
mechanism.

A two-phase region separates the tetragonal phase field
from the orthorhombic region, consistent with the first-order
character of the structural transition. A crossover from the SC
to M ground states occurs at the composition x = 0.0010; in
particular, Rietveld refinement indicates that both polymorphs
coexist below ∼50 K and that the amount of the orthorhombic
structure (∼63 wt %) is consistent with the magnetic phase
fraction estimated by μSR analysis (∼55 vol % at 1.5 K) [13].
It is not clear if the system is actually in a metastable phase,
that is, if kinetics slows down the complete transformation
into the orthorhombic phase, but in any case these results
conceivably indicate that a short-range magnetic phase de-
velops inside the orthorhombic structure below ∼5 K. With
the increase of Mn content, superconductivity is entirely
suppressed and magnetism becomes long-range ordered; at
the same time, the structural transition completes in the
whole mass on cooling and only the orthorhombic phase is
found at low temperature. Notably, the downset structural
transition temperature remains almost constant for 0.0050 �
x � 0.0075; conversely, the magnetic transition exhibits a
maximum around x = 0.0050 and then decreases for higher
dopings. This decoupling between the structural and magnetic
transition temperatures suggests that spin degrees of freedom
are not at the origin of the symmetry breaking.

IV. CONCLUSIONS

We have performed high-resolution synchrotron x-ray
powder diffraction on the La(Fe, Mn)As(O0.89F0.11) sys-
tem for 0.001 < x < 0.0075, across the superconducting-
magnetic boundary induced by Mn doping. A revised and
updated phase diagram of the structural, magnetic, and elec-
tronic properties is drawn as a function of Mn content by
combining SQUID magnetometry, muon spin rotation (μSR),
nuclear quadrupole, and 75As nuclear magnetic resonance and
high-resolution synchrotron XRPD data.

The results show that the magnetic transition is associated
to a structural tetragonal to orthorhombic transition and to
the occurrence of an incommensurate peak at Q ∼ 2.36 Å–1,
suggesting that the structural transformation is possibly driven
by charge degrees of freedom, thus adding an additional
ingredient in the physics of the Fe-based superconductors.
Another incommensurate peak at Q ∼ 1.93 Å–1 appears to be
anticorrelated to the superconducting state, demonstrating a
strong competition between this particular CDW and the SC
state.

Other incommensurate peaks are observed and their
presence and temperature evolution are strongly sample de-
pendent. These several incommensurate modulated structures
suggest that the CDW state is ubiquitous in the LaFeAsO
family, possibly pinned by the Mn impurities. The result-
ing scenario involves the arising of multiple incommensurate
structural transitions, whose occurrence is strictly determined
and ruled by thermodynamic quantities such as temperature
and composition. Further studies on Mn-doped 1111 com-
pounds in form of single crystal are needed to improve the
comprehension of the interplay between structural properties,
CDW, magnetism, and superconductivity in these materials.
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