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Nematicity in LaFeAsO single crystals studied by elastoresistance, high-resolution thermal
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Nematicity in LaFeAsO single crystals is studied by means of high-resolution thermal expansion, shear
modulus, and elastoresistivity measurements. A softening of the shear modulus C66 towards the structural phase
transition at TS is observed. In addition, a similar Curie-Weiss-like divergence of the nematic susceptibilities is
found in the temperature dependence of both χ sh and χ er, which are deduced from the shear modulus (sh) and
the elastoresistivity (er) studies, respectively. These observations provide evidence for an electronic origin of
nematicity in LaFeAsO. The characteristic energy of the coupling between the lattice and the electronic degrees
of freedom is deduced to ≈30 K. The comparison to corresponding measurements on BaFe2As2 single crystals
reveals a very similar temperature dependence of the shear modulus but yields contrasting results for χ er : In
BaFe2As2, χ er diverges similarly as the uncoupled nematicity deduced from the shear modulus data as it is
expected from the underlying Landau theory. In contrast, the Weiss temperatures of χ er and χ sh are significantly
different in LaFeAsO. This difference is at odds with the commonly anticipated theories of resistivity anisotropy
and electronic nematicity in iron pnictides.
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I. INTRODUCTION

Unconventional superconductivity is accompanied by a
complex interplay of competing or intertwined degrees of
freedom. The interaction responsible for Cooper pairing
is usually believed to manifest itself as ordered phases
or pertinent fluctuations in the stoichiometric parent com-
pounds [1,2]. In this context, electronic nematicity has been
identified as an intriguing property that may enhance the su-
perconducting transition temperature TC [3–5]. While nematic
fluctuations and/or nematic phases have been observed, e.g.,
in cuprate superconductors [6,7] and other novel strongly
correlated systems, the probably most prominent example is
represented by iron-based superconductors (FeSC) [8,9]. In
most of their underdoped compounds, the tetragonal sym-
metry between the x and y directions in the Fe plane is
spontaneously broken when the system is cooled below its
structural transition temperature TS. The structural distor-
tion is usually accompanied or followed by the evolution of
long-range antiferromagnetic order TN. In case of TN < TS,
rotational C4 symmetry of the crystal lattice as well as the
discrete Z2 symmetry lifting the degeneracy of the Ising-like
electronic ground state are broken in the intermediate phase
while time-reversal symmetry is still preserved. This inter-
mediate phase is hence named nematic [5]. In this phase,
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electronic anisotropy is found to be impressively large com-
pared to a rather small orthorhombic distortion which suggests
that the structural-nematic transition does not arise from a
simple elastic instability [10].

It is however challenging to determine the driving in-
stability of nematicity since symmetry breaking affects all
correlated degrees of freedom so that every elastic, elec-
tronic, spin, and orbital property becomes anisotropic at
the structural-nematic phase transition. Studying the asso-
ciated susceptibilities directly in the high-symmetry phase
[11,12] allows us to disentangle their specific contributions.
For example, the spontaneous elastic strain evolving at TS

as orthorhombic distortion δ acts as a conjugate field to a
nematic order parameter ψ [5,13] so that investigating the
corresponding elastic and electronic response to an applied
external stress σ by measurements of the elastoresistivity and
the elastic shear modulus has become a powerful tool to access
the nematic susceptibility [13–16]:(

∂ψ

∂σ

)−1

∝ χ̃−1 = χ−1 − C(λ). (1)

In the literature [15,17], χ is often referred to as bare
or uncoupled nematic susceptibility whereas χ̃ is termed
renormalized or actual nematic susceptibility. Elastoresistiv-
ity measurements probe the normalized in-plane resistivity
anisotropy η = (ρb − ρa)/ρavg,1 being a measure of the

1ρa and ρb are the resistivities along the tetragonal in-plane direc-
tions of the macroscopic sample; ρavg = (ρa + ρb)/2.
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nematic order parameter, in dependence of strain ε. It thereby
detects the purely electronic contribution to the nematic sus-
ceptibility, i.e., χ [13,18]. On the other hand, the softening
of the elastic shear modulus is directly associated with both
χ̃ and χ , which differ by a term C(λ) which depends on
the electron-lattice coupling λ. This term, to be discussed
later, accounts for the reduction in the energy of the sponta-
neous orthorhombic distortion by nematic fluctuations via the
electron-lattice coupling [5].

For BaFe2As2 and FeSe, the mentioned experiments have
confirmed the shear modulus C66 as the elastic soft mode
of the tetragonal-to-orthorhombic transition [14,19–22], and
have verified the transition’s electronic origin [13,23–28].
However, the picture is yet incomplete as experimental re-
sults on “1111” compounds are scarce. The relevance of such
studies stems from the fact that, while FeSe does not show
long-range magnetic order at ambient pressure and in undoped
"122" systems the structural-nematic and the magnetic phase
transition coincide, in 1111 compounds the transitions are
split and give rise to another appearance of a nematic phase
[29–31], presenting a unique testbed for intertwined orders.
In addation, testing theoretical models of nematicity in this
class of materials is also particularly relevant as the 1111
family still holds the highest TC among bulk FeSC at ambient
pressure [32–34]. Previous experimental studies on LaFeAsO
polycrystals showed clear indications of fluctuations of all
relevant degrees of freedom well above TS [35–38]. However,
these investigations have so far been limited by constraints
in single crystal growth. The recent developments in growing
large high-quality single crystals [39] now enable detailed
studies of the nematic properties in the 1111 family of pnic-
tides. Recent studies on single crystals show that nematic
fluctuations promote spin fluctuations in magnetically ordered
LaFeAsO [40] and foster superconductivity in doped systems
[41,42]. In this paper, we present a combined study of ela-
storesistivity, high-resolution thermal expansion, and shear
modulus measurements in order to gain more insight into the
microscopic origin of nematicity in LaFeAsO.

II. EXPERIMENT

Well-faceted LaFeAsO single crystals grown by the solid
state single crystal growth method [39] of about (1.0 × 0.8 ×
0.3) mm3 have been investigated. Thermal expansion studies
were performed by means of a three-terminal high-resolution
capacitance dilatometer (Kuechler Innovative Measurement
Technology) in a home-built setup [43,44]. Temperature con-
trol was ensured by a variable temperature insert of an Oxford
magnet system [45]. The dilatometer’s built-in repulsion force
of two leaf springs allows one to detwin the sample for an
orientation along the [110]t direction [43,46]. Young’s mod-
ulus along this particular direction has been obtained by a
three-point-bending (3PB) technique similar as presented in
Ref. [20]. In the dilatometer, a platelike sample of about (1.5
× 1.5 × 0.2) mm3 is positioned between three rods as it
is shown in the inset of Fig. 1(c). Thus, the force of the
springs acting along the [001] direction bends the sample
and its deflection is measured by the distance change of the
dilatometer’s gap. This enables calculating Young’s modulus
Y[110] which is directly related to the elastic constant C66 [47].

Single crystals from the same batch were used for elastore-
sistance measurements. Strain was generated by firmly gluing

FIG. 1. (a) Relative length changes �L/L of the three main
crystallographic axes (left) and orthorhombic distortion δ = (a −
b)/(a + b) (right) vs temperature. Structural and magnetic phase
transition temperatures, TS and TN, of this crystal are marked by
dashed lines. (b) Corresponding uniaxial thermal expansion coeffi-
cients. (c) Young’s modulus Y[110] along the [110]t direction (left) and
bare nematic susceptibility λ2χ sh/C66,0 (right) together with Curie-
Weiss fittings (dashed lines) according to Eq. (7). The inset shows a
schematic sketch of the utilized 3PB setup where the sample bends
under an applied force (blue arrow).

the prepared samples on the side of a piezoelectric actuator
(PZT) [13]. The crystals were cut to rectangular shape with
the long sides along the [110]t or [100]t directions. In order to
achieve efficient strain transmission, the samples were cleaved
to a thickness of around 20 µm. Electrical contacts were made
directly on the fresh surfaces with silver paint. Resistance was
measured by a standard four-point dc technique.

III. RESULTS

The thermal expansion data shown in Fig. 1(a) illustrate
the temperature dependence of the lattice parameters, where b
denotes the shorter in-plane direction of the detwinned crys-
tal. The relative length changes along the a axis have been
calculated from the difference of length changes along the
detwinned and the twinned [100]t direction (see Fig. 5 in
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the Appendix). While in the high-temperature tetragonal
phase upon cooling, the sample shrinks along all three axes,
the orthorhombic splitting of a and b signals the struc-
tural transition at TS = 148 K. As shown in Fig. 1(a), an
orthorhombic distortion δ = (a − b)/(a + b) evolves rather
smoothly with a large precursor regime. The orthorhombic
distortion δ represents the order parameter of the tetragonal-
to-orthorhombic phase transition. Note that the evolution of
orthorhombicity is affected by finite pressure applied in the
experimental setup but the general behavior agrees well to
neutron data [48] on polycrystalline LaFeAsO1−xFx [49,50].

The temperature dependence of Young’s modulus Y[110],
which above TS probes the elastic shear modulus C66, is de-
picted on the left ordinate in Fig. 1(c). Fairly similar to what
has been observed in BaFe2As2 [20] and FeSe [22] (see also
Fig. 4 in the Appendix), Y[110] shows a strong decrease towards
TS, thereby reflecting a clear softening of C66. This implies
that C66 is the soft mode of the orthorhombic distortion also
in LaFeAsO. At TS, the curve flattens in a rather continuous
manner and the inflection point at 154.5 K marks a lower
limit to observe the softening. Note that inhomogeneous stress
applied to the sample via the 3PB setup (see Fig. 1) may
smear out the anomaly due to strong strain dependencies of TS.
Specifically, measurements under varying uniaxial pressure
along the [110]t direction show a shift of TS and, in BaFe2As2,
breaking of the C4 symmetry already above TS [50–54]. We
also note that Y[110](TS) remains finite at TS. This observation
contrasts theory predictions of vanishing C66 but is typically
observed in 3PB and in ultrasound experiments on BaFe2As2

[14,20] and FeSe [21,22]. Below TS, Y[110] reaches a constant
value which may be ascribed to the motion of structural do-
main walls in the orthorhombic phase [15,55].

As shown in Fig. 1(a), the orthorhombic distortion parame-
ter δ evolves continuously as similarly observed for LaFeAsO
polycrystals [35,48]. In addition, the temperature dependence
of Y[110] and accordingly of C66 above TS [see Fig. 1(c)] indi-
cates that the structural transition is not barely driven by an
elastic instability. In a proper ferroelastic scenario the shear
modulus is supposed to decrease linearly with temperature
[11] which is not observed in the data at hand.

The in-plane resistivity anisotropy η probes the nematic
order parameter in dependence of elastic strain ε [13]:

χ er = −dη/dε ∝ −dψ/dε. (2)

Depending on the relative direction of the sample axis with
respect to the strain direction, i.e., ε either ‖[110]t or ‖ [100]t ,
respectively, χ er is related to the B2g- or the B1g-symmetry
channel [18]. The experimental data shown in Fig. 2 indeed
show strong differences for both channels. For ε‖[110]t , χ er is
large and diverges towards a kink at TS while it is damped and
featureless for ε‖[100]t . We conclude that the nematic order
parameter only develops in the diagonal B2g channel which
agrees with the shear modulus results as C66 refers to the same
symmetry. This finding matches with those for other FeSC
[17]. Note, the sign of χ er is positive for LaFeAsO like in
Ba(Fe1−xCox )2As2 but χ er is negative in FeSe [17,23,24]. The
following discussion will focus on the data above TS since the
elastoresistance is known to be dominated by domain effects
below TS [10].

FIG. 2. Temperature dependence of the nematic susceptibility
measured by elastoresistance χ er = −dη/dε. χ er in the B2g- and the
B1g-symmetry channels was investigated by applying strain ε along
the [110]t and [100]t crystal directions, respectively. Dashed lines
indicate TS and TN. The blue dashed line shows Curie-Weiss-fitting
according to Eq. (8). The inset shows a photograph of a crystal glued
on the surface of a PZT stack.

Similar to other FeSC [13,15], the structural (and nematic)
transition is described by means of a pseudoproper ferroelastic
approach where the free energy is given by

F = χ−1

2
ψ2 + C0

2
ε2 − λψε − σε. (3)

In this Landau expansion, the electronic order parameter ψ

is bilinearly coupled via λ to the elastic strain ε while σ

refers to an externally applied stress. χ−1 stands for the
inverse bare nematic susceptibility in absence of coupling
while C0(= C66,0) is the inverse bare elastic susceptibility that
accounts for the elastic energy by C0ε

2/2 in the absence of
coupling. Minimizing the free energy with respect to ψ and ε

reveals that the response of the nematic order parameter ψ to
elastic strain ε is a direct measure of the uncoupled nematic
susceptibility [13]:

dψ

dε

∣∣∣∣
ε=0

= λχ. (4)

Hence, the observed divergence of χ er provides evidence for
an electronic origin of nematicity in LaFeAsO.

Moreover, minimizing F yields that the shear modulus C66

is renormalized by the electron-lattice coupling with χ̃ being
the renormalized susceptibility [5,15]:

C66 =
(

dε

dσ

)−1

= C0

(
1 + λ2χ̃

C0

)−1

= C0 − λ2χ. (5)

In case of finite electronic-elastic coupling λ, the structural
phase transition hence appears at the temperature where the
experimentally obtained inverse elastic susceptibility C66 as
well as the inverse of the actual nematic susceptibility χ̃ van-
ish [5,15]. At this temperature, δ and ψ become finite although
the nematic instability itself appears at lower temperature T0 at
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FIG. 3. Temperature dependence of the inverse purely electronic nematic susceptibilities (λ2χ sh/C66,0 )−1 (left, green markers) and (χ er −
χ er

0 )−1 (right, blue markers) of (a) BaFe2As2 and (b) LaFeAsO obtained by shear modulus and elastoresistivity measurements, respectively. χ er
0

accounts for the intrinsic elastoresistivity. In addition, (λ2χ̃ sh/C66,0 )−1 (left, red markers) with the actual (renormalized) nematic susceptibility
χ̃ sh is shown. The dashed lines represent Curie-Weiss fits to the data. Characteristic temperatures are indicated by gray markers (see the text).

which χ is expected to diverge [13]. Equation (5) also demon-
strates that the experimentally determined shear modulus C66

is directly linked to the renormalized nematic susceptibility
χ̃ and also the bare electronic contribution χ can be deduced
[15].

Normalized values Y/Y (293 K ) obtained by the 3PB
method [see Fig. 1(c), left] enable one to determine the un-
coupled nematic susceptibility χ sh in units of λ2/C66,0 using
Eq. (5) and following Ref. [15], i.e.,

λ2χ sh/C66,0 = 1 − C66/C66,0 ≈ 1 − Y[110]/Y0. (6)

Our treatment of the noncritical background C66,0 and ac-
cordingly of Y0 is based on the model for BaFe2As2 [20]
using the formula by Varshni [56] [denoted by FVarshni in
Eq. (7)]. The procedure involves the determination of a factor
psh which links absolute values of the background and the
present measurement and was also successfully applied for
FeSe [22]. With the assumption χ−1 = a(T − T0), usually
utilized in Landau theories, Young’s modulus data [Fig. 1(c),
left] are well fitted by

Y[110]

Y[110](293 K )
= pshFVarshni

(
1 − λ2/aC66,0

T − T sh
0

)
. (7)

The resulting uncoupled nematic susceptibility χ sh is visual-
ized in Fig. 1(c) (right). Similarly, the susceptibility χ er from
elastoresistance is fitted by

χ er = perλ/a

T − T er
0

+ χ er
0 (8)

where χ er
0 accounts for a background due to an intrinsic

piezoresistivity and per accounts for the unknown proportion-
ality factor linking the strain dependence of the nematic order
parameter ψ and the resistivity anisotropy η. Note the similar
forms of Eqs. (7) and (8) which both contain three unknown
fitting parameters.

In order to compare the critical behavior, the temperature
dependencies of the inverse susceptibilities obtained from
elastoresistivity and shear modulus measurements are shown

in Fig. 3(b), indicating a linear, i.e., Curie-Weiss-like, de-
crease for both techniques in LaFeAsO. In Fig. 3(a), we
additionally present the same quantities obtained in our ex-
perimental setups on BaFe2As2 single crystals [57,58]. These
data agree well with the previous literature [13,17,19,20]. As
expected from Landau theory, for BaFe2As2 we observe a
linear, i.e., Curie-Weiss-like, decrease upon cooling towards
the nematic instability temperature T0. A fit to the data yields
T sh

0 = 108(6) K and T er
0 = 108(5) K for the shear modulus

and the elastoresistivity data, respectively. We also show the
actual, i.e., renormalized, nematic susceptibility χ̃ sh which
is obtained from shear modulus data by Eq. (5). Obeying a
Curie-Weiss-like behavior, χ̃ sh diverges at T̃ sh = 131(3) K at
which Y[110] extrapolates to zero according to Eq. (7). These
results shown in Fig. 3 demonstrate a match of the bare mean
field nematic critical temperatures obtained by two experi-
mental techniques. Such a match was predicted by Landau
theory but has not been explicitly reported in the literature so
far [15,17]. The behavior of χ er, χ sh, and χ̃ sh is further illus-
trated by scaling (χ er − χ er

0 )−1 to (λ2χ sh/C66,0)−1 by a single
proportionality factor as it has been done by proper adjustment
of the ordinates in Fig. 3. The scaling factor of about 0.009
may be attributed to the quantity λ/perC66,0. Using literature
data on χ er[17] yields a very similar value.

For LaFeAsO, fitting χ sh and χ̃ sh yields the Weiss tem-
peratures T sh

0 = 106(9) K and T̃ sh = 135(3) K, respectively.
These values are similar to those in BaFe2As2. Even the re-
spective scaling factor psh is almost the same. In particular,
normalizing the temperature axis to TS of each material yields
an almost identical decrease of Y[110]/Y[110](293 K ) for both
compounds. So the main difference between BaFe2As2 and
LaFeAsO lies in the discrepancy of the mean field (T̃ sh) and
actual (TS) structural transition temperature which is larger
in LaFeAsO than in BaFe2As2 while the cause of this dis-
crepancy, at all, is unknown [15]. From the difference T̃ sh−
T sh

0 , we conclude that the characteristic energy scale of the
coupling λ2/aC66,0 amounts to ≈30 K [16]. This value is
in accordance with the corresponding value for BaFe2As2
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(see above) as well as the literature values for FeSe [22]
and BaFe2As2 [20] and somewhat smaller than the one for
BaFe2As2 reported in Ref. [19]. However, for the elastoresis-
tance, the Curie-Weiss-analysis yields T er

0 = 133(7) K which
is significantly higher than T sh

0 . This difference cannot be ex-
plained by rationalization of experimental uncertainties since
special care has been taken to account for the influence of the
selected fitting temperature range and systematic correlations
between fitting parameters due to the unknown backgrounds.
Our analysis indicates, also for BaFe2As2, that fitting regimes
closer to TS tends to yield higher values for T sh

0 and T̃ sh but
smaller ones for T er

0 . However, as visible by the uncertain-
ties, this effect does not explain the large discrepancy for
LaFeAsO.

In fact, T er
0 seems to match rather T̃ sh giving rise to scaling

of (χ er − χ er
0 )−1 and (λ2χ̃ sh/C66,0)−1 by a factor of about

0.011 as shown in Fig. 3(c). So despite the differences of the
Weiss temperatures, the corresponding Curie constants perλ/a
from elastoresistance as well as the ratio λ/perC66,0 from the
scaling are very similar for BaFe2As2 and LaFeAsO.

IV. DISCUSSION

Despite the strongly different appearance of a long-range
magnetically ordered phase, the evolution of Young’s modulus
Y[110] and of the nematic susceptibility λ2χ sh/C66,0 [Fig. 1(c)]
as well as of χ er in the B2g channel (Fig. 2) implies clear
similarities in LaFeAsO as compared to other FeSC such as
BaFe2As2 [13,20] and FeSe [22,23]. Apparently, the absence
of static nematic order in BaFe2As2 seems to have no signifi-
cant impact on the softening of the shear modulus. A similar
conclusion was drawn for FeSe where χ sh almost resembles
the behavior of 3%Co-doped BaFe2As2 both exhibiting TS
≈90 K whereas FeSe does not show long-range magnetic
order at finite temperatures at all [22].

Apart from these similarities, there is a clear discrep-
ancy between the findings in LaFeAsO and BaFe2As2. In
LaFeAsO, χ er may be scaled to χ̃ sh rather than to χ sh, i.e.,
the Weiss temperature T er

0 = 133(7) K clearly exceeds T sh
0

but rather matches T̃ sh (Fig. 3). This observation clearly con-
trasts the behavior in BaFe2As2 as shown in Fig. 3(a) and the
literature [17,20].

Our results on LaFeAsO may be also compared to Co-
doped Ba(Fe1−xCox )2As2 which, for x �= 0, exhibits a static
nematic phase, i.e., TS > TN. While for x = 0 and 0.025, Kuo
et al. [17] determined T er

0 from elastoresistivity to be well
below T̃ sh observed by shear modulus measurements [20],
T er

0 appears to be even larger than T̃ sh for higher doping
(x = 0.047). As a potential reason, an overestimation of T er

0
in fitting due to low temperature deviations from Curie-Weiss
behavior observed in these compounds has been suggested
[15]. However, our data of both techniques and for both com-
pounds emphasize a very clear Curie-Weiss behavior even
down to temperatures close to TS giving no indication for
physics beyond a mean-field approach.

Moreover, Curie constants from elastoresistivity are nearly
the same for BaFe2As2 and LaFeAsO so that the data do
not show any significant enhancement of χ er for one of the
compounds. Such an enhancement of the elastoresistivity has
been observed in Ba(Fe,Co)2As2 upon approaching optimal
doping and has been associated with renormalization of the

quasiparticle effective mass by nematic quantum critical fluc-
tuations [17]. However, we cannot exclude that the proximity
of a quantum critical point causes the unexpectedly high T er

0 .
In this case, our data would suggest an enhancement of the
elastoresistance in LaFeAsO already far below the supercon-
ducting regime placing LaFeAsO closer to quantum criticality
than BaFe2As2. Apart from that, it is not fully understood how
magnetic and orbital fluctuations microscopically influence
the elastoresistivity and shear modulus. Such effects might
differ for transport and thermodynamic properties. In this re-
spect, χ er is thought to be influenced by the detailed electronic
structure and/or scattering processes [17,23,24].

Therefore, especially the effect of disorder as a possible
explanation for the resistivity anisotropy has already been
widely addressed in the literature, both experimentally and
theoretically [51,59–64]. In particular, Kuo and Fisher ar-
gued that for undoped as well as for Co- and Ni-underdoped
BaFe2As2, the evolution of the nematic susceptibility and the
resulting Weiss temperatures T er

0 are essentially independent
of disorder [65]. Moreover, the magnitude of the elastore-
sistance coefficient is found to be similar for all optimally
doped BaFe2As2 compounds, suggesting that disorder emerg-
ing from different types of dopants is not at play [17]. Related
to this, our data for BaFe2As2 and LaFeAsO indicate no
significant difference between their respective Curie constants
perλ/a from elastoresistivity. On the other hand, Gastiasoro
et al. [62] suggested that assuming a significant amount of
disorder in the samples, anisotropic spin fluctuations pro-
voked by orthorhombic symmetry breaking are locally pinned
to impurities and, thereby, establish defect states called ne-
matogens. By this, the defects exhibit anisotropic scattering
potentials which hence manifest themselves in an anisotropic
resistivity. Calculations [66] based on this model may even
reproduce a Curie-Weiss-like divergence of dψ/dδ (δ: or-
bital order parameter accounting for orthorhombicity of the
band dispersion) towards the bare magnetic phase transition
temperature TN,0. In Ref. [62], the authors are in particu-
lar pointing out that Kuo and Fisher’s investigations [65]
would rather refer to out-of-plane disorder and, within the
mentioned scenario, the anisotropy is mostly caused by spin
fluctuations so that different kinds of impurities should be
reflected rather in the average resistivity than its anisotropy.
Within the scenario of disorder, our findings would propose a
larger effect of disorder in LaFeAsO than in BaFe2As2 which
is consistent with expectations for systems that show split
second-order nematic and magnetic transitions as in LaFeAsO
and underdoped Ba(Fe,Co)2As2 compared to simultaneous
(or close-by) transitions as in BaFe2As2 [12]. Recent ex-
perimental investigations on optimally doped LaFeAsO1−xFx

polycrystals emphasize the high sensitivity of these com-
pounds on magnetic impurities where already 0.5% Mn/Fe
substitution reestablishes a magnetically ordered, orthorhom-
bic state similar as it appears in undoped LaFeAsO [67–69].
Strong electronic correlations have been suggested to provoke
enhanced Ruderman-Kittel-Kasuya-Yosida coupling between
Mn defects and thereby localization of electrons [69,70].

From a different perspective, also stoichiometry of the
samples may affect the transport properties. While Ba122
systems are rather stoichiometric, 1111 systems are known to
possibly exhibit oxygen deficiencies [71] which are discussed
for single crystals of the present work [39] as a possible
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explanation for lower values of TS and TN compared to the
respective values of polycrystals.

However, more experimental research as well as theoretical
calculations are needed to clarify the importance and the role
of disorder. Our study, therefore, indicates a good starting
point for such a study opening up that the direct comparison
of shear modulus and elastoresistivity on the doping evolution
of LaFeAsO single crystals might shed more light on these
open questions.

V. SUMMARY

We report measurements of the thermal expansion, the
shear modulus, and the elastoresistivity in order to investi-
gate the nematic phase in LaFeAsO single crystals. Our data
imply a clear softening of the shear modulus C66 towards the
structural phase transition at TS and a similar Curie-Weiss-like
divergence of the nematic susceptibility obtained with both
techniques, i.e., shear modulus and elastoresistivity studies.
We therefore conclude an electronic origin of nematicity in
LaFeAsO. A characteristic energy scale of ≈30 K for the
electron-lattice coupling λ2/aC0 is obtained. The softening
of C66 does not show any significant difference between
LaFeAsO and the iconic BaFe2As2 when accounting for their
different TS, albeit the emergence of their corresponding ne-
matic phase is significantly different. The Curie-Weiss-like
divergence of the purely electronic nematic susceptibility
probed by elastoresistivity in BaFe2As2 and LaFeAsO, how-
ever, indicates a significant difference in both materials.
In BaFe2As2, the mean-field divergence of χ occurs at a
temperature consistent with the corresponding temperature
determined from shear modulus data. While this is expected
from the Landau theory, in LaFeAsO this divergence in χ

appears at a significantly higher temperature than in the shear
modulus data. Specifically, the critical part of the suscepti-
bility measured by elastoresistivity scales to the renormalized
nematic susceptibility obtained from shear modulus soften-
ing. This observation challenges present theories of resistivity
anisotropy and electronic nematicity in iron pnictides.

Our results extend the current picture of the family of
iron-based superconductors revealing that LaFeAsO as rep-
resentative for the 1111-type compounds shows a softening of
the shear modulus similar to what has been observed in 122
[14,20] and ’11’ [22] compounds. Thereby, adding our results
for the 1111 system makes the observed softening of the shear
modulus a ubiquitous property of iron-based superconductors.
Stark qualitative differences of the behavior in LaFeAsO to
the observations in the other pnictide families however pose
new questions on the elastoresistivity, calling for further theo-
retical investigation.
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APPENDIX

Figure 4 illustrates a comparison of normalized Young’s
modulus in LaFeAsO and BaFe2As2. Figure 5 presents addi-
tional data of the thermal expansion of LaFeAsO.

FIG. 5. Relative length changes �L/L of the three main crystal-
lographic axes and as measured along the twinned [100]t direction
as well as the resultant calculated volume changes �V/V . The inset
schematically illustrates the measurements along the twinned and
detwinned in-plane directions from which the a axis length changes
are obtained.
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