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Strain derivative of thermoelectric properties as a sensitive

probe for nematicity
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The nematic instability is an undebatable ingredient of the physics of iron-based superconductors. Yet, its origin remains enigmatic
as it involves a fermiology with an intricate interplay of lattice-, orbital-, and spin degrees of freedom. It is well known that
thermoelectric transport is an excellent probe for revealing even subtle signatures of instabilities and pertinent fluctuations. In this
paper, we report a strong response of the thermoelectric transport properties of two underdoped 1111 iron-based superconductors
to a vanishingly small strain. By introducing the strain derivative of the Seebeck and the Nernst coefficients, we provide a
description of the nematic order parameter, proving the existence of an anisotropic Peltier-tensor beside an anisotropic
conductivity tensor. Our measurements reveal that the transport nematic phenomenology is the result of the combined effect of
both an anisotropic scattering time and Fermi surface distortions, pointing out that in a realistic description, abreast of the spin
fluctuations also the orbital character is a fundamental ingredient. In addition, we show that nematic fluctuations universally relax
in a Curie-Weiss fashion above Ts in all the elasto-transport measurements and we provide evidences that nematicity must be band

selective.
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INTRODUCTION

The investigation of nematic orders in solid-state systems has
been strongly boosted in recent times by the hypothesis of their
intimate link with the emerging unconventional superconductivity
in copper-based'? and specially in iron-based superconductors®*.
In the latter, the nematic order identifies a lowering of the
rotational symmetry characterized by a tetragonal-to-
orthorhombic structural transition, which typically anticipates
the formation of a magnetic order with additional signatures of
orbital ordering®*. This crossover of multiple orders generate a
"chicken-or-egg" problem, whose solution is considered a crucial
step towards the understanding of the unconventional
superconductivity®.

One of the most successful experimental approach to this
dilemma is the study of the strain suceptibility of different physical
quantities in proximity of the structural transition. Remarkably, the
use of the strain derivative of the electrical resistivity as a sensitive
quantity mimic of the nematic susceptibility allowed to track the
evolution of the nematic fluctuations and to distinguish their
electronic origin from a simple ferroelastic distortion>™’. Although
this promotes the nematic order to the same level of the other
electronic instabilities (i.e., superconductivity and density waves),
its microscopic origin remains a puzzle, in particular concerning
the role of the orbital and spin degrees of freedom. It is common
wisdom that thermoelectric transport properties are excellent
probes to investigate the fermiology of unconventional materials.
In the vicinity of electronic instabilities, they could exhibit
spectacular effects, resulting in an extreme sensitivity to phase
transitions and fluctuations of order parameters® '2. Therefore, in
proximity of an electronic nematic instability, the evaluation of the
thermoelectric response to an applied uniaxial strain, appears as

an ideal experimental approach to unveil the role of Fermi Surface
distortions.

In this regard, particularly promising is the observation of a
strong anisotropy in the Seebeck (S) and the Nernst (v) coefficients
in the nematic phase of some detwinned 122 iron-based
superconductors'>7'6, as a direct indication of a possible strong
elasto-thermoelectric effect. In order to exploit this potential, we
introduce the elasto-Seebeck effect and the elasto-Nernst effect,
defined as the strain derivative of S and v in the limit of
vanishingly small strain ¢. Experimentally, we take advantage of an
innovative setup, which combines a standard thermoelectric
measurement configuration, with the highly controlled uniaxial
strain offered by a piezoelectric device. By measuring directly the
slope of S and v vs ¢, we have access to the respective strain
derivatives (Fig. 1, see Materials and Methods for details on the
experimental setup), representing the nematic susceptibility of the
system. In particular, in this work, we investigate the transport
nematic phenomenology of two single crystals of LaFe; ,Co,AsO
with x=0 and 0.035'"'® respectively. The former is the parent
compound and the latter an electron underdoped sample of the
La-1111 family, so far almost unexplored due to the lack of
sizeable single crystals.

We will show that the thermoelectric transport properties react
extraordinarily to a tiny strain well above the nematic transition,
revealing an extended zone of nematic fluctuations with a
diverging behavior at the structural transition. Moreover, by
analyzing the contribution of the different transport coefficients
we demonstrate that a band-selective response of the Peltier-
tensor a is indispensable to quantitatively explain the behavior of
the thermoelectric coefficient under strain, pointing out the
fundamental role of the Fermi surface distortions caused by
electron-nematic order'®. In addition, we experimentally
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Fig. 1 The elasto-thermoelectric transport technlque. a Schematic of our experlmental setup. The relative size of the sample and the piezo-
stack in the sketch is exaggerated: the actual size of the piezo device is 9 x 5 x5 mm?>, while the sample is around 1x 1 x 0.04 mm?>. The
sample is mounted on a piezoelectric device, which expands or contracts according to the green arrows. The thermal circuit is realized with a
heater and a cold foot connected to the thermal mass. The temperature gradient is measured using a chromel-Au thermocouple while two
couples of electrodes measure the Seebeck voltage AVs and the Nernst voltage AVy. The applied strain ¢ is measured with a strain gauge
glued on the back side of the piezo. d The sample is oriented with the tetragonal a-axis tilted of 45 degrees with respect to the piezo straining
axis, so that the distortion occurs along the putative orthorhombic axis. Fe; and Fe, are the iron atoms in the Fe-As planes. b, e Time-
dependence of the applied heat power W, (bottom panel), applied strain ¢ (middle panel) and resulting Seebeck (b) and Nernst (e) signals at
representative temperatures and magnetic fields for a LaFeAsO compound. ¢ Strain dependence of the Seebeck anisotropy AS = S(¢) — S(e =
0) for a single crystal of LaFeAsO at T= 155K and T=200K. f Strain dependence of the Nernst anisotropy Av=yv(e) — v(e = 0) for a single

crystal of LaFeAsO at T=157K and B=+14T.

demonstrate that, within the validity of a single-band approxima-
tion, the elasto-Nernst coefficient can be predicted as a
combination of the strain derivatives of the Peltier a and the
conductivity o tensors. This lets us paint a self-consistent scenario
in which all the elasto-transport coefficients are bound to
each other.

RESULTS
Elasto-Seebeck

Figure 2a, b shows the temperature dependence of Seebeck
coefficient S of the x=0 and the x =0.035 sample, respectively.
Their amplitude and trend are consistent with previous reports on
polycrystalline compounds®. In the x =0 sample a sign change of
S occurs at around 170K, caused by the multiband nature of this
material. Since hole-like and electron-like pockets contribute to
the Seebeck coefficient with opposite sign, they tend to
compensate their respective effect, possibly generating a change
in the sign of S, as in our case. In the x=0.035 compound, the
electron doping, obtained by Co-substitution, pushes it closer to
the condition of single-carrier transport and the Seebeck
coefficient remains always negative, as expected for a system
dominated by electrons. This has been already shown in La(Fe,Co)
AsO and Sm(Fe,Co)AsO series of polycrystalline samples, where a
departure from the carrier compensation in favour of an electron-
like transport due to Co-doping has been demonstrated?®?’.
Figure 2¢, d presents the temperature dependence of the strain
(€) derivative of the Seebeck coefficient 6(AS/T)/8¢, with AS = S(e)
—S(e=0), for the x=0 and x=0.035 compound, respectively
(the elasto-Seebeck effect of an additional sample with x =0.01 is
reported in Supplementary Note 3 and Supplementary Fig. 4). The
normalization to T is introduced to get rid of the entropy
contribution. Interestingly, in both the compounds a change of
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regime appears in correspondence of the structural transition,
whose onset is around Ts = 155K in the parent compound and
Ts = 80K for the underdoped one'®. While 8(AS/T)/8¢ of the x=0
compound exhibits a sharp cusp-like transition, in the x =0.035
compound the change of regime at Ts is more broadened.
However, for T>Ts, where the crystalline cell is tetragonal and
nematic fluctuation are expected, 8(AS/T)/b¢ is finite and large in
both the compounds, evidencing a strong response of the
Seebeck coefficient to a vanishingly small strain. Moreover, 8(AS/
T)/6¢ exhibits a diverging trend by approaching Ts. This behavior is
typically detected in the context of elastoresistivity measurements,
where a Curie-Weiss fashion of the elastoresistivity is interpreted
as the fingerprint of large nematic fluctuations with an electronic
origin>%%,

In addition, with our experimental approach we could also take
advantage of the fact that S is sensitive to the sign of the charge
carriers. Indeed, the most striking result of our measurement
concerns the sign of 6(AS/T)/8¢: In the parent compound, though
S changes sign, 6(AS/T)/b¢ is always positive and it remains finite
also when S crosses the zero. This points out that not all the
different Fermi pockets are responsible for the electronic nematic
phenomenology but only some of them contribute. Interestingly,
the strain derivative persists to be positive also in the x=
0.035 sample, in which the transport properties are dominated by
the electron-like carriers. This suggests that if the nematicity is
band selective, the electron-pockets play the major role.

Elasto-Nernst

Figure 3a, d shows the temperature dependence of the Nernst
coefficient v of the x=0 and the x=0.035 sample, respectively
(see Supplementary Note 8 and Supplementary Fig. 10 for the
magnetic-field dependence of the Nernst coefficient). First of all,
one can notice that, differently from the Seebeck coefficient, v is
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Fig. 2 Elasto-Seebeck effect of the LaFe,_,Co,AsO compounds with x=0 and x=0.035. a Temperature dependence of the Seebeck
coefficient S of the LaFe;_,Co,AsO compounds with x = 0. b Temperature dependence of the strain derivative of the T-normalized Seebeck
coefficient §(AS/T)/6e x =0 compound. ¢ Temperature dependence of the Seebeck coefficient S of the LaFe;_,Co,AsO compounds with x =
0.035. b Temperature dependence of the strain derivative of the T-normalized Seebeck coefficient §(AS/T)/d¢ x = 0.035 compound. The dark-
orange and the dark-blue areas indicate the regions where the long range structural and magnetic ordered states are both established. The
error-bars represent the standard errors (see Supplementary Note 7, Supplementary Figs. 7-9).
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Fig.3 Elasto-Nernst effect of the LaFe,_,Co,AsO compounds with x = 0 and x = 0.035. a Temperature dependence of the Nernst coefficient
v of the x = 0 compound. b Temperature dependence of the strain derivative of the T-normalized Nernst coefficient §(Av/T)/6e x = 0 compound.
¢ Temperature dependence of , (red circles with red line) and -, (black triangles) of the x =0 compound. d Temperature dependence of the
Nernst coefficient v of the x = 0.035 compound. e Temperature dependence of the strain derivative of the T-normalized Nernst coefficient §(Av/
T)/6e x = 0.035 compound. f Temperature dependence of , (red circles with red line) and —x,, (black triangles) of the x = 0.035 compound. The
blue (orange) solid lines in fig. ¢, f) represent the Curie-Weiss fit for T> Ts of x, (—x,). The dark-orange and the dark-blue areas indicate the
regions where the long range structural and magnetic ordered states are both established. The error-bars represent the standard errors.
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positive in the considered temperature range for both the
compounds. Indeed, in the Nernst effect the contribution of
different types of carriers is independent on the sign of their
electric charge?. Hence, the contributions by hole-like and
electron-like pockets tends to sum up instead of compensating.
This effect is also called ambipolar Nernst effect?® and it is
responsible for the violation of the Sondheimer’'s cancellation??,
which typically causes the suppression of the Nernst coefficient in
single-band materials. In addition, in the parent compound, v
undergoes an abrupt increase at Ts, consistent with previous
reports>''. This has been sometimes attributed to the Fermi
surface distortion caused by the development of the long range
magnetic ordering and the consequent band reorganisation with
the appearance of Dirac-cone-like bands®'®. In the x=0.035
compound the Nernst coefficient decreases in absolute value with
respect to the parent compound. The reduction of v upon Co-
doping has been also observed in the 122 family, where it has
been interpreted as the vanishing of the Dirac-cone effects due to
the suppression of the magnetic order'®. Furthermore, the
electron doping causes also a tendency towards the domination
of the electron-like carriers with the reduction of the ambipolar
effect.

Figure 3b, e presents the temperature dependence of the strain
derivative of the Nernst coefficient 8(Av/T)/8¢ as a function of T,
where Av=v(e) — v(e =0). In analogy to the strain derivative of
the Seebeck effect, also 6(Av/T)/6e presents a diverging behavior
in the tetragonal phase and a change of regime at around Ts.
Note, that these data alone do not allow to extract a clear
information of the strain dependence of the Nernst coefficient as a
function of doping, since the apparent strong reduction of 6(Av/
N/ée from the x=0 to the x=0.035 compound is inevitably
connected to the strong doping dependence of the Nernst
coefficient v itself as presented in Fig. 3a, d. In order to eliminate
this particular cause of the amplitude variation, we normalize the
strain dependences with respect to the unstrained v and define a
Nernst nematic susceptibility x, = 6(Av/v)/de. It is important to
notice that the ambipolar nature of the Nernst effect prevents v to
cross the zero value in our compounds, in contrast to the Seebeck
coefficient discussed above. x, can be directly compared to the
susceptibility calculated from the elastoresistivity x, = —6(Ap/p)/
8¢*?, whose value is generally assumed as the response of the
electronic nematic order parameter to the applied strain>®22 The
result is presented in Fig. 3¢, f for the x=0 and the x=
0.035 sample, respectively.

For T>Ts, we checked the consistency of our data with a
Curie-Weiss fit x, =xo+ C/(T—T*), where x, is an intrinsic
piezoelectric effect unrelated to the electronic nematicity, C is
the Curie constant and T* is the Curie temperature®®, In particular,
T* must be the same for x, and x,,, because it represents the mean

field electronic nematic critical temperature®®. Hence, for the fit,
we fixed T* to the value obtained by fitting )(p22 (orange lines in
Fig. 3¢, f), since it must be unvaried. In particular, T = 134.5 + 8.0 K
and T*=384+9.2 K for the x=0 and the x=0.035 sample,
respectively, while xo and C have been left free to vary. The results
are shown in Fig. 3¢, f, where the blue lines represent the fitting
curves, which nicely interpolate the experimental data. This
confirms the Nernst effect as a primary probe for detecting and
tracking the electronic nematic fluctuations.

Let's now focus on the absolute value of x, and x,,. Interestingly,
Xv tends to decrease from x=0 to x=0.035, reaching the
respective maximal value of around 230 and 120 close to Ts. On
the contrary x, increases with doping. The increase of y, due to
Co-doping in the Ba(Fe,Co),As, series was attributed to an
increase of the nematic fluctuation intensity towards the optimally
doped composition, which maximizes the superconducting critical
temperature®®. By assuming that both y, and Xo should reflect
the response of the nematic order parameter to the applied strain,
the reason for their mismatch deserves some consideration. The
Nernst coefficient is a complex quantity, which results from a
nontrivial combination of of the resistivity tensor p and the Peltier
thermoelectric tensor @, reading v =0,y — GuPx, - In this
notation x is the direction along which strain and heat gradient
(or electric current) are applied, while y is the transverse direction.
In complex materials, such as the iron-based superconductors, the
experimental prediction of v is usually unsuccessful due to the
complications of the multiband nature. However, in the next
section, we show that the behavior of the elasto-Nernst of the x =
0.035 compound (closer to the single-band condition thanks to
the doping) can be reasonably obtained from the other transport
coefficients, in a self-consistent scenario (a partial analysis is also
reported in Supplementary Note 4 and Supplementary Fig. 5 for
the x =0 compound).

Analysis of the transport coefficients of the x = 0.035
compound

First of all, in a single-band approximation, it is possible to
evaluate also a Seebeck susceptibility ys= 6(AS/S)/6e, shown in
Fig. 4a as a function of T. For T> Ts, we interpolated the xs curve
with a Curie-Weiss function, fixing again T* to the value obtained
by fitting x,. As in case of x, the Curie-Weiss curve nicely
reproduces the experimental data. The Seebeck coefficient is
explicited in terms of transport coefficients as S = 0,0y Where a,,
and p,, are the diagonal terms of the Peltier and the resistivity
tensors, respectively. It is immediate to verify that xs=x, + Xa
where x, = 6(Aay,/a,,)/Se. From these relations, one can evaluate
the temperature dependence of a,, and x,, presented in Fig. 4b. It
must be noticed that y,, is of the same order of magnitude as .
However, they exhibit an opposite sign, which is understandable,
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Fig. 4 Analysis of the transport coefficients of the x =0.035 compound. a Temperature dependence of —xs (red circles with solid line) for
the x =0.035 compound. The blue solid line is the Curie-Weiss fit. b Temperature dependence of x, (empty circles with solid line) and a,,
(black circles with solid line) for the x = 0.035 compound. ¢ Temperature dependence of experimental §(Av)/8¢ (blue circles with blue solid
line) and calculated 6(Av)/6e (orange empty circles with solid line) for the x = 0.035 compound. The black dotted line represents the calculated
6(Av)/6e multiplied by a factor 1.2. The error-bars represent the standard errors.
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considering that ay ~ doy/dE = —p,,'dp,,/dE, where g, is the
electrical conductivity and E is the energy.

At this point, one can consider x, and verify wether it is
experimentally obtainable by a combination of the other transport
coefficients. In the limit of small strain, in which we operate, one
can safely state that p,, ~ p,, and p,,/6e = (1/Yp)5p,./ 8¢, where Yp
is the Poisson ratio of the piezoelectric device. The off-diagonal
terms do not directly contribute to the anisotropy'®. Hence, we
can evaluate 6(v)/8e = a,6p,,/6¢ — pyba,/be, where a,, is
obtained by combining the transport properties in unstrained
conditions®. The result is shown in Fig. 4c in comparison with the
experimental value. The two curves are in good agreement,
demonstrating experimentally the validity of the description of
transport properties in terms of conductivity and Peltier tensors.

Several remarks are in order. First of all we point out that a self-
consistent interconnection of transport coefficients is rarely
proven experimentally. One might speculate that the clean result
is facilitated by the use of strain derivatives, which render spurious
effects less important. Second, our analysis shows the necessity of
two different contributing transport coefficients (o, and a,,) to
explain the behavior of v under strain.

The validation of this method is an important result because it
can be applied to the investigation of all the single-band systems
in which the proximity to an instability or a phase transition
renders electronic properties susceptible to the strain. This
includes many cuprates superconductors and doped iron-based
superconductors.

DISCUSSION

In the previous section, we demonstrated the existence of a finite
Xa beside a finite ,. With this established, one can conjecture on
the microscopic mechanisms that determine the transport
nematic phenomenology. From the transport point of view a
large susceptibility to the applied strain is the result of a strong
anisotropy either in the scattering time and/or in the Fermi surface
parameters, such as the Fermi velocity. Generally, an anisotropic
scattering time as a source for transport anisotropy is supported
by a pure spin-nematic scenario®®*°, while the pure orbital-
ordering description takes mainly into account anisotropies of the
Fermi surface parameters®—3,

The advantage of the thermoelectric properties and especially
of the Nernst effect is their capability to catch both these aspects.
This can be directly inferred from the simplest imaginable model
for a single-band material. As mentioned above, from the solution
of the Boltzmann equation, one can obtain the following link
between the Peltier thermoelectric tensor and the conductivity
tensor: a = (n2/3)(k§T/q)(da/dE)|E:EF, with kg the Boltzmann
constant®. Hence, a is a direct measurement of the variation in
conductivity caused by a (even infinitesimal) shift in the chemical
potential, induced, for instance, by a Fermi surface distortion. In
particular, for the Nernst coefficient, assuming a smooth (but not
null) variation of the mobility with respect to the energy, the
following expression can be derived: v = (m?/3)(kaT/e)u/Er,
where the dependence on both the mobility and the Fermi
energy appears explicitly®. Naturally, this expression cannot be
quantitatively applied to complex materials like iron-based
superconductors, but it is very useful to comprehend at a glance
the versatility of the Nernst coefficient in probing the electronic
properties of a material. Hence, assuming the nematicity in iron-
based superconductors as an electron-originated effect, an
impressive response of the thermoelectric properties to the strain
is not completely surprising.

In the context of cuprate superconductors, it was explicitly
predicted that the Nernst effect anisotropy is a very sensitive
probe of Fermi surface distortions caused by electron-nematic
order'®. This is caused by a large anisotropy in a, which overcomes
the anisotropy of p and results particularly enhanced in
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correspondence of a change of the Fermi surface topology'®.
This means that, if only an orbital anisotropy dominates the
transport, a x, substantially larger than x, can be expected. Since
in our case }xp| > x4, it is likely that a significant contribution
from an anisotropic scattering time must be present.

On the other hand, it has been reported that the NMR spin-
lattice relaxation rate (T;T) "' of LaFeAsO is finite well above Ts, as
a signature of persistent spin fluctuations®*. For T< T, (T, T)’1
increases a lot, before diverging in correspondence of Ty, where
spin fluctuations freeze*. Interestingly, neither Xp hor X, seem to
be sensitive to the magnetic transition (see magnetization data
Supplementary Note 1 and Supplementary Fig. 2) and they do not
follow the trend of (T T)’1. This suggests that they are not
mimicking the spin susceptibility of the system. As a consequence,
the existence of an anisotropic scattering time, directly linked to
anisotropic spin fluctuations, is not sufficient to explain the
transport anisotropy, but an orbital contribution from the
distortion of Fermi surface must be included. Hence, to shed
light on the cryptic nematic phase of iron-based superconductors,
it is evident that a theoretical picture, which includes different
microscopic mechanism must be adopted. In this sense the
orbital-selective spin-nematic model is a promising candidate,
since it predicts that, once the orbital character of the spin
fluctuations is taken into account, both the anisotropy in
scattering rate and in the Fermi surface parameters (i.e., the
Fermi velocities) must play a substantial role®*’,

In summary, we measured the strain derivative of the Seebeck
and the Nernst effect of two single crystals belonging to the 1111
family of iron-based superconductors. We observed that thermo-
electric properties, in proximity of a nematic instability, are
strongly susceptible to a vanishingly small strain. The inspection of
the Seebeck effect provided a clear signature of the band-
selective character of the nematic phenomenology in case of a
multiband system, which is a fundamental information for the
definition of a nematic order parameter. In addition, by defining a
Nernst nematic susceptibility, we experimentally demonstrated
that an anisotropy in the resistivity tensor p is not enough to
explain the behavior of the thermoelectric properties, but a finite
anisotropy in the Peltier-tensor a must be included. This suggests
that the transport nematic phenomenology is likely to be the
result of the combined effect of both an anisotropic scattering
time and Fermi surface distortions, pointing out that in a realistic
description, beside the spin fluctuations also the orbital character
is a fundamental ingredient. We expect that these results will
trigger novel theoretical insights, setting new bounds for the
anisotropic transport models and giving a substantial contribution
to the understanding of the nematic puzzle.

METHODS

Crystal growth

The crystals were obtained using the solid-state single crystal growth
method at ambient pressure using Na-As as a liquid phase promoting an
abnormal grain growth due to enhanced interfacial anisotropy by
introducing a liquid-solid interface. This is a different strategy from the
usually used flux growth. As this growth is based on polycrystalline starting
materials, a polycrystalline sample of LaFeAsO was prepared using a two-
step solid-state reaction. The obtained polycrystalline pellets and Na-As
powder were layered into an alumina crucible. The molar ratio of LaFeAsO
to Na-As used was 1:4, which corresponds to a ratio in volume of about
1:1. The material was heated to 1080 °C and annealed for 200 h. By using
this method single crystals sized up to 2 x 3 x 0.4 mm? were obtained (see
Supplementary Fig. 1). Reference '’ gives a detailed description of the
synthesis process of all the investigated compounds. The crystals were
analyzed using SEM with EDX, Laue backscattering, powder X-ray
diffraction and SQUID magnetometry measurements (see Supplementary
Note 1 and Supplementary Fig. 2). In addition, preliminary resistivity and
Hall effect measurements have been performed (see Supplementary Note
2, Supplementary Fig. 3).
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Elasto-thermoelectric transport measurements

We applied an in-plane uniaxial strain by gluing the samples on the surface
of a commercial piezoelectric stacks (Part. No. Pst 150/5x5x 7, form
Piezomechanik, Munich, Germany), using the Devcon General Purpose
Adhesive Epoxy (No. 14250). The as-grown-single crystals have been
cleaved with a thin blade down to a thickness of about 30-40 um in order
to be sure that the strain is fully transferred across the sample®2 The final
dimensions of the samples were typically 1x 1 x 0.04 mm?>. The samples
have been glued oriented, in order to align the straining axis of the piezo
to the orthorhombic axis of our compounds, corresponding to the [110]
crystalline direction, along which the nematic fluctuations are expected to
develop®®?2, Following the same procedure adopted in the elastoresistiv-
ity experiments>®??, the applied strain has been measured by using a
resistive strain gauge mounted on the back side of the piezo-stack and
read through a Wheatstone bridge. The temperature evolution of the
applied strain and the Poisson ratio of the piezo-stack have been
characterized (see Supplementary Notes 5 and 6 and Supplementary Fig.
6). Thanks to the homogeneity of the piezo-stack, if the sample is thin
enough (as in our case) the reading of the gauge nicely correspond to the
strain applied to the sample®?. In order to perform the thermoelectric
characterization, we built a thermal circuit by connecting one side of the
sample to a resistive heater (R = 2.7 kQ) and the other side to the thermal
mass of our sample holder. The thermal connections have been made by
using silver wires glued with a thermal epoxy (Wakefield-Vette Delta Bond
152-KA). The temperature gradient has been measured using a Chromel-
Au-Chromel differential thermocouple, calibrated in magnetic field. Long-
itudinal and transverse couples of electrodes have been attached to the
sample to pick up the Seebeck and the Nernst signals (Fig. 1a). The
electrical leads have been realized by gluing 50-pm-thick silver wires to
the sample with a silver paste (Dupont 4929N). Figure 1b, e shows the
measurement procedure for collecting the strain derivative of the Seebeck
and the Nernst coefficients. First of all the sample, mounted on the piezo, is
thermalized at the desired temperature T and in case of the Nernst
coefficient measurement a constant magnetic-field B is applied with a
direction perpendicular to the ab-plane of the sample. Then, a heating
power Wy, is applied through the heater to the sample (bottom panels in
Fig. 1¢, e) in order to create a temperature gradient V T = AT/I;, where AT is
the temperature difference measured by the thermocouple and /7 is the
distance between the thermocouple tips. This causes a response in the
Seebeck and Nernst voltages (AVs and AV), in the top panels of Fig. 1b, e).
The corresponding Seebeck and Nernst coefficients are S=—AVs/(IsV T)
and N=AVp/(IyV T), where [s and Iy are the distance between the
respective couples of electrodes. Then, the piezo actuator is activated and
the applied voltage is varied along the cycle 0V — 100V - —-30V—-0 V.
During this process, we measure simultaneously the variation of the
Seebeck (Nernst) coefficient AS (Av) with the corresponding electrodes and
the effective strain e with the strain gauge (middle panels in Fig. 1b, e). In
the regime of small strain (¢ <0.1%) in which we operate AS and Av are
linearly dependent on ¢ (Fig. 1¢, f). Hence, we can extract 6(AS)/6¢ or 6(Av)/
b¢ as the angular coefficient of the linear fit in the AS or Av vs € graph (red
lines in Fig. 1¢, f). In addition for the Nernst coefficient we antisymmetrized
the signal by inverting the magnetic-field B in order eliminate any spurious
contribution.

By repeating this procedure for all the required temperatures we can
track the T dependence of the elasto-Seebeck and elasto-Nernst effects.

DATA AVAILABILITY

The data that support the findings of this study are available from the corresponding
author upon reasonable request.
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