Supplementary Information (SlI) for Journal of Materials Chemistry A.
This journal is © The Royal Society of Chemistry 2026

SUPPLEMENTARY INFORMATION

Enhanced Thermoelectric Performance in Fe,;V sWy Al Thin Films:
Synergistic Effects of Chemical Ordering and Tungsten Substitution

Jose Maria Dominguez-Vazquez®, Miguel Angel Tenaguillo?, Ketan Lohani?, Olga Caballero-Calero?, Cristina V.
Manzano?, Jose J. Plata®, Antonio M. Marquez®, Alfonso Cebollada?, Andrés Conca®" and Marisol Martin-Gon-
zalez?

3Instituto de Micro y Nanotecnologia, IMN-CNM, CSIC (CEI UAM+CSIC), Isaac Newton 8, E-28760 Tres Cantos, Madrid, Spain
bDpto de Quimica Fisica, Facultad de Quimica, Universidad de Sevilla, Sevilla (Spain).
*Corresponding author: andres.conca@csic.es

The theta-two theta measurements for all the deposited films of Fe;VosWo Al can be seen in Sl 1-SI
6. Here, instead of the usual 1D plot, 2D maps are portrayed for a more complete information. Sl 1-
SI 3 are the 2D maps correspondent to (1 1 0) oriented films grown on Al,O3 substrate, and measured
at Y=0°, 45°, and 35.26°, respectively. On the other hand, Sl 4-SI 6 show the 2D maps of (1 0 0)
oriented films grown on MgO substrate, and measured at =0°, 45°, and 54.7°, respectively.
Identification of B2 and L2; phases comes from the presence of (2 0 0) and (1 1 1) diffraction spots,
respectively. In these 2D maps, it is evident that from a certain threshold, the diffused diffraction
intensity of Fe,VAI peaks progressively concentrates into a spot, indicating an evolution form
polycrystalline to single-oriented phase.

Other important structural characteristic is the in-plane order of the crystallites of Fe,VosWoAl In
SI 7 and Sl 8 are portrayed the ¢-scans of the (2 2 0) and (4 0 0) peak respectively, the first for films
deposited on MgO and the latter for films deposited on Al,Os. Ideally (1 0 0) oriented films show a
four-fold rotation symmetry in the ¢-scan of the (2 2 0) peak, this behavior is observed for most of
the films. However, for (1 1 0)-oriented films, a two-fold rotation is expected on ¢-scans of the (4 0
0) peak, this behavior is only seen clearly for the film deposited at T4ep=950 °C, for the rest of the
cases (excluding films deposited below 650°C, which do not show any feature in the ¢-scans) a four-
fold rotation is observed. This implies an in-plane disorder of the crystallites having two preferential
orientations with respect to the substrate lattice.

SI 9 shows the plot of the lattice parameter of all the deposited films as a function of the deposition
temperature (Tqep) along with the lattice parameter of undoped Fe,VAI[1]. Here, it is apparent that
the lattice parameter decreases with increasing deposition temperature, from 5.90 A at 350 °C to
5.78 A at 950 °C for both (110) and (100) oriented films. However, at each Tdep, the values are
similar for both orientations.

To complete the crystallographic information of the films in SI 10, we show the out-of-plane
crystallite size obtained at different Tqep for (1 1 0) and (1 0 0) oriented films. This crystallite size was
calculated by the Scherrer’s formula[2] on symmetrical 8/20 measurements. In this figure, minor
differences can be observed between (1 1 0) and (1 0 0) oriented films. For both orientations, an
increase in crystallite size with Tqep is observed, as it is the usual behavior in thin film growth.
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Regarding the morphological characterization of the films, SI 11 and SI 12 show SEM micrographs
with x100000 magnification for all the deposited films. SI 11 show SEM micrographs for (1 1 0) films
deposited on Al,0s3, while SI 12 show the micrographs of (1 0 0) oriented films grown on MgO
substrates. In these two figures its visible the effect over morphology that Tqep has, and also the
different morphological aspect caused by the different substrate choice.

A summary table of differences of Seebeck coefficient, electrical conductivity and overall PF values
between representative samples in the L2, regime and a B2 sample is shown in table 1.

Taep (°C) S(uV/K) | o s? PF AS? vs Ao vs APF
(Q-cm)™ 650°C 650°C observed
(LW/m-K?)
550 -15 2550 225 55 - - 0
750 -50 2370 2500 580 +1011% | -7% +954%
800 -57 2130 3249 700 +1344% | -16.5% +1172%

Table 1: Seebeck coefficient, electrical conductivity, and overall PF differences between samples in the L2; regime and a
B2 sample.
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Sl 1: Specular (¢=0°) X-Ray 6/28 vs y 2D maps for FezVo.sWo2Al films at all deposition temperatures (Taep) deposited
on Al203 substrate.
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Sl 2: Off-specular (y=45°) X-Ray /28 vs y 2D maps for FezVosWo.2Al films at all deposition temperatures (Taep)
deposited on Al20s substrate.
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Sl 3: Off-specular ($=35.26°) X-Ray 6/26 vs y 2D maps for FezVpsWo.2Al films at all deposition temperatures (Tqep)
deposited on Al203 substrate.
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SI4: Specular (y=0°) X-Ray 6/28 vs y 2D maps for FezVosWo2Al films at all deposition temperatures (Tqep) deposited
on MgO substrate.
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Sl 5: Off-specular (y=45°) X-Ray /28 vs y 2D maps for FezVosWo.2Al films at all deposition temperatures (Taep)
deposited on MgO substrate.
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Sl 6: Off-specular (Y=54.7°) X-Ray /26 vs y 2D maps for Fe2VogWo.2Al films at all deposition temperatures (Taep)
deposited on MgO substrate.

Phi scans, lattice parameter and crystallite size
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SI 7: ¢-scan of (2 2 0) diffraction peak of FezV.sWo.2Alfilms deposited on MgO for various Tgep,
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S1 8: ¢-scan of (4 0 0) diffraction peak of FezVosWo.2Alfilms deposited on Al,O3 for various Tyep.
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S19: Out-of-plane lattice parameter on specular (Y=0°) £/26 measurements for FezVp.eWo.2Al deposited on MgO (red) and
Al,O3 (black). The measured distances are compared with the bulk lattice parameter of Fe,VAI from [1].
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Sl 10: Out-of-plane crystallite size obtained from Scherrer’s formula of the specular ({=0°) £/268 measurements of
FezVosWy.2Al(100) and (1 1 0) films.
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SI 11: SEM micrographs of FezVpgWo.2Alfilms deposited on Al,O3 at all Tep.
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SI 12: SEM micrographs of FezVo.sWo.2Alfilms deposited on MgO at all Tep.



Additional simulations

Reproducibility statements

This work consists of one deposited series (on Al,O; and MgO substrates) with deposition
temperatures ranging from 350°C to 950°C. In order to avoid temporal drifts in the deposition
system each sample series was deposited in a random order of Tge, (i.€., chronologically the samples
were deposited with Tgp covering in a random fashion the Tgp, range). The whole deposition
spanned for two and a half months, showing the stability of the process. Besides some minor
differences in the thermoelectric values between concrete cases of the general tendency of L2,
boost in the Seebeck coefficient and in the thermoelectric power factor is reproduced. Moreover,
the sample for the thermal conductivity determination was deposited more than twelve months
after the main series, since a thicker sample is required for optical measurements of thermo-
reflectance. These considerations ensure the reproducibility and stability of the deposition
procedure.



