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Introduction

There are one text, seven figures, and two tables that show supporting information
to the present study. Figure S1 plots the schematic layout of our experimental setup. Figure
S2 shows representative thermal radiation spectra fitted by Planck’s black-body radiation
function for temperature determination. Figure S3 illustrates an example modelled
temperature profile within an LHDAC. Figure S4 and S5 show a set of raw TDTR spectrum
for Feo.85Nio.06Si0.09 at 100.5 GPa/300 K and 95 GPa/2221 K, respectively, fitted by the
thermal model. Figure S6 and S7 present analysis of data uncertainty caused by uncertainty
of each model parameter. Table S1 and S2 list a set of input parameters used in the thermal
model for Feo.s5sNio.06Si0.00 at 100.5 GPa/300 K and 95 GPa/2221 K, respectively.
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Text S1. Combination of time-domain thermoreflectance with laser-heated diamond
anvil cells

We coupled ultrafast optical pump-probe method—time-domain thermoreflectance
(TDTR) with laser-heated diamond anvil cells (LHDACS) to precisely measure the thermal
conductivity of Fe and FeossNioosSiooo under simultaneously high pressure (P)-
temperature (7) conditions. Supplementary Fig. S1 schematically shows our experimental
setup, where the details of TDTR have been well described in our previous studies, e.g.,
(Hsieh et al., 2009, 2018, 2020, 2024). To achieve laser heating, we used an infrared laser
(wavelength of 1064 nm from IPG YLR fiber laser with a maximum power of 100 W) as
the heating source, which passed through a shortpass dichroic mirror (Thorlabs DMSP1000
that reflects the heating laser) and an apochromatic objective lens (US Laser Corp. N3437
with a focal length of 77 mm) that focused the beam on the sample with a typical spot size
of ~30 um.

The thermal radiation emitted from the heated spot of the sample passed through the
apochromatic objective lens (US Laser Corp. N3437), the shortpass dichroic mirror
(Thorlabs DMSP1000, which also reflected the 1064 nm heating laser reflected from the
sample), two dual-notch filters (Semrock NF03-532/1064E-25 that blocked the 1064 nm
signal), and finally was collected by an Andor spectrometer (SR-500i-A-R). We
determined the temperature of the thermal radiation by fitting the spectrum to Planck’s
black-body radiation function, focusing on the spectrum range of ~600—700 nm (Meng et
al., 2015; Shen et al., 2001; Zhang et al., 2015), see Supplementary Fig. S2 for
representative thermal radiation spectra along with their fitted temperature. The system
response was calibrated by a standard tungsten lamp (OL550, Optronic Lab) following
(Shen et al., 2001; Zhang et al., 2015) and references therein. For each thermal conductivity
measurement, we first heated the sample to a target measurement temperature and
monitored its stability for ~3—5 minutes, allowing the system to maintain a nearly steady
state temperature. We then collected thermal conductivity data (taking ~2 minutes), during
which we kept monitoring the temperature, ensuring the measurement temperature
remained reasonably stable. Over the ~5—7-minute time window, the temperature
fluctuation ATy is typically ~50 K, although in some measurements the A7y could be ~150
K.
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Note that due to the currently limited space of experimental setup, the sample was
heated at one side of the sample (thermal conductivity was probed from the other side
coated with aluminum film). We have calibrated the temperature difference between the
two sides of the sample to ~150-250 K by simultaneously measuring the thermal radiation
from each side under a laser-heated temperature of ~2000—3000 K. (The thermal radiation
from the TDTR-probed side was picked off by a flip reflecting mirror and directed through
the other set of optics that is identical to the laser-heated side for temperature
measurements.) Such measured temperature difference of ~150-250 K is in good
agreement with our modelling by finite difference method (Fig. S3), which solves the
steady-state heat diffusion equation in a cylindrical symmetry. For example, we considered
a 10 um-thick Fe disk with a radius of 25 pm sandwiched between 20 um-thick MgO
pressure medium layers (Fig. S3(a)). The sample was heated by a Gaussian-profile laser at
its top surface. When compressed to 155 GPa and heated to ~2920 K at its top center region,
we found a temperature difference of ~215 K between the top center (heated side) and
bottom center (TDTR-probed side), see Fig. S3(b), consistent with our direct
measurements (~150-250 K)) as well as a literature 3D modelled temperature profile within
an LHDAC by (Rainey et al., 2013). Moreover, we also characterized the temperature
profile over the sample’s top and bottom surfaces, and found that the temperature at the
center of the heating spot (~2920 K at r=0 pum) is ~110 K higher than that at radius of 10
um distant (=10 pm, comparable to the radius of our TDTR laser probe spot size, see
Fig. S3(c)), which partially contributes to the measurement temperature uncertainty.
Finally, we emphasize that the reported temperature for the thermal conductivity
measurements shown in this study is the temperature at the TDTR-probed side where we

measured the thermal conductivity, rather than the temperature at the laser-heated side.
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Supplementary Figure S1. Schematic layout of the time-domain thermoreflectance
(TDTR at right half) coupled with laser-heated diamond anvil cells (left half). To
simultaneously and directly measure the temperature at two sides of the sample, a flip
reflecting mirror (the dashed rectangle at the right next to the DAC) was used to direct the
thermal radiation from the TDTR-probed side through the other set of optics that is
identical to the laser-heated side for temperature measurements.
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Supplementary Figure S2. Representative thermal radiation spectra fitted by Planck’s
black-body radiation function (red curve). The fitted temperature of each case is labeled at
the upper-left corner. Here the temperature uncertainty represents that caused by the fitting
of function.
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cylindrical coordinate. The sample is sandwiched by MgO nanopowder, compressed to 155
GPa and heated to ~2920 K at its top center region. (b) A modelled temperature difference
of ~215 K between the heating side (z= 5 um) and TDTR-probed side (z= —5 pum) is in
good agreement with our directly measured temperature difference from each side of the
sample. (¢) A modelled temperature profile over the sample’s top surface (z= 5 um). Over
the TDTR-probed area (radius of ~10 um), there is a temperature difference of ~110 K
between the center of the heating spot (~2920 K at r=0 pm) and at r=+10 um distant. A
similar temperature difference is observed at the bottom side (z=—5 um).
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Supplementary Figure S4. Representative TDTR spectrum (open circles) for
Feo.85Ni0.06510.00 at 100.5 GPa and 300 K along with thermal model calculations (color solid
curves). A thermal conductivity Areni-si=40 W m™ K'! (red curve) yields the best-fit to the
raw TDTR spectrum using a set of input parameters listed in Supplementary Table S1. The
data (=Vin/Vour) is most sensitive to the sample’s thermal conductivity at few-hundred-
picosecond (ps) delay time (Cahill & Watanabe, 2004; Zheng et al., 2007). A 10%
difference in Arenisi (green and blue curves) results in a poor fitting to the data,
demonstrating the high sensitivity of our data analysis as well as high precision due to our
high-quality data.
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Supplementary Figure S5. Representative TDTR spectrum (open circles) for
Feo.85Ni0.06510.00 at 95 GPa and 2221 K along with thermal model calculations (color solid
curves). Here Arenisi=58 W m! K'! (red curve) yields the best-fit to the raw spectrum
using a set of input parameters listed in Supplementary Table S2.
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Supplementary Figure S6. Sensitivity tests of the thermal model calculations to key input
parameters for FeossNio.osSio.oo at 100.5 GPa and room temperature. Here we fix the
thermal conductivity of FeossNio06Sio0o (Arenisi) at 40 W m™ K as obtained in
Supplementary Fig. S4. (a) and (b) Changes in the thicknesses of the pressure medium
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silicone oil (4sioil) and Feo.s5Nio.06510.00 sample (hre-ni-si) by as large as 50%, respectively,
do not influence the thermal model calculations, suggesting that their individual
uncertainty has essentially no effect on the Are-ni-si. (¢) Similarly, an increase in the high
thermal conductivity of Al film at high pressures does not affect the thermal model
calculation: its uncertainty has no effect on the Areni-si. (d) An example 5% uncertainty in
the thermal effusivity of the silicone oil, e=(AsiCsi)"?, does not change the thermal model
calculation. (e) Assuming a 10% uncertainty in the volumetric heat capacity of
Feo.85Ni0.06S10.09, Cre-Ni-si, the raw data can be re-fitted well with Arenisi=37 W m! K,
suggesting that its uncertainty translates a minor uncertainty of ~7.5%. (f) The major
uncertainty in our data analysis is the uncertainty in the heat capacity of Al film per unit
area (product of Al’s volumetric heat capacity and thickness, Cai a1 (Zheng et al., 2007)).
An example 5% uncertainty requires a slightly higher Areni.si=43 W m™ K (~7.5%
change) to re-fit the data. (g) A 15% uncertainty in the laser spot size and (h) a 10% off in
the thermal conductance of Al/FeossNioosSiooo and Al/silicone oil interfaces, G,
respectively, have essentially no effect on the thermal model calculations, indicating minor
effects on the Areni-si due to their uncertainties.
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Supplementary Figure S7. Sensitivity tests of the thermal model calculations to key input
parameters for Feo gsNio.06S10.00 at 95 GPa and 2221 K. Here we fix the Areni-si at 58§ W m’
I'K! as obtained in Supplementary Fig. S5. (a) and (b) Changes in the thicknesses of the
pressure medium MgO nanopowder (ime0) and FeossNio.osSio.00 sample (Areni-si) by as
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large as 50%, respectively, has no effect on the thermal model calculations. (¢) Again, an
increase in the high thermal conductivity of Al film at high pressures does not change the
thermal model calculation. (d) An example 5% uncertainty in the thermal effusivity of the
MgO, e=(AmeoCmg0)'?, does not change the thermal model calculation. (e) Assuming a
10% uncertainty in the volumetric heat capacity of Feo gsNio.06510.09, Cre-Ni-si, the raw data
can be re-fitted well with Arenisi=54 W m™ K1, suggesting that its uncertainty translates
a minor uncertainty of ~7%. (f) An example 5% uncertainty in the heat capacity of Al film
per unit area requires a slightly higher Arenisi=62 W m™ K (~7% change) to re-fit the
data. (g) A 15% uncertainty in the laser spot size and (h) a 10% off in the thermal
conductance of Al/Feo.ssNio.06S10.00 and AI/MgO interfaces, G, respectively, has no effect
on the thermal model calculations.
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Supplementary Table S1. Input parameters in the thermal model for Feo gsNio.06510.09 at

100.5 GPa and 300 K in TDTR measurements

CFe-Ni-Si Cal hat  e=(AsiCs)Y? 7 hrenisisiol  Aal G
P (GPa)
Jem?*KYH) (Jem?® KD (mm)* (Im?2K!'s'?) (um) (nm) Wm'K"H) (MWm?2K?
100.5 4.22 2.683 80.2 2165 9.9 10/15 200 700

*In this experimental run, the Al thickness at ambient pressure is 94 nm.

Creni-si: Feo.gsNio.06Si0.09 heat capacity, Cai: Al heat capacity, sai: Al thickness, e: silicone
oil thermal effusivity, 7: laser spot size, Are-Ni-si: Feo.85sNio.06510.09 thickness, /si oii: silicone
oil thickness, Aai: Al thermal conductivity, G: thermal conductance of Al/Feo.85Nio.06S10.09
and Al/silicone oil interfaces.

Supplementary Table S2. Input parameters in the thermal model for Feo g5sNio.06S10.09 at

95 GPa and 2221 K in TDTR measurements

CFeNi-si Cal hai  e=(AmeoCme0)'? 7 hrenisiMeo  Aal G
P (GPa)
(Jem?*KYH) (Jem3K!D) (mm)* (m?K's"?)  (um) (um) (Wm'K') (MW m?2K")
95 4.65 3 83.2 3779 9.9 10/15 200 900

*In this experimental run, the Al thickness at ambient pressure is 97.3 nm.

Creni-si: Feo.gsNio.osSio.0o heat capacity, Cai: Al heat capacity, hai: Al thickness, e: MgO
nanopowder thermal effusivity, 7: laser spot size, Are-Ni-si: Feo.ssNio.06S510.09 thickness, /mgo:
MgO thickness, Aai: Al thermal conductivity, G: thermal conductance of
Al/Feo 35Nio.06Si0.00 and AI/MgO interfaces.

The input parameters for all the data in Figs. 1 and 2 in main text are available at (Hsieh,
Chiang, et al., 2025) https://zenodo.org/records/17184617.
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