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1 Methods

1.1 Experimental

1.1.1 Preparation of Anhydrous FePO,

FePO, was prepared according to the previously published procedure.' Iron(III) phosphate
hydrate (FePO, - xH,O, Alfa Aesar), without any further purification, was dehydrated in an
oven for 6 hrs at 600°C.* The dehydrated product was confirmed to be the a-quartz type
iron (III) phosphate (FePO,) by PXRD.

1.1.2 Powder X-ray Diffraction

All experimental PXRD patterns were acquired using a Bruker Advanced powder diffrac-
tometer using Cu K, radiation (Iz = 1.5418 A), and were collected at room temperature.

Diffraction patterns were obtained at 26 values from 5 to 50°.

1.1.3 Terahertz Time-Domain Spectroscopy

All THz-TDS data were collected using a commercial Teraflash Pro spectrometer platform
(Toptica Photonics AG, Munich, Germany). A pair of fiber-coupled InGaAs photoconduc-
tive terahertz antenna (PCA) were used as emitter and receiver, and two pairs of off-axis
parabolic mirrors were used to collimate and focus the terahertz radiation, respectively. The
entire spectrometer was enclosed and was continuously purged with dry nitrogen gas to
reduce terahertz absorption due to atmospheric water vapor.® " Pellets for THz-TDS mea-
surements were prepared by grinding with PTFE to an approximate 3% w/w concentration.
The mixture was then pressed under about 225 MPa of pressure in a 13-mm-diameter die
(Specac), furnishing 3-mm-thick samples. Spectra were acquired at 20 K and 300 K us-
ing a custom closed cycle helium cryostat instrument (Cryo Industries, Manchester, NH,

US). 20,000 time-domain waveforms were acquired and averaged, and the resultant wave-



form was Fourier transformed to produce frequency-domain terahertz power spectra. The
reported absorption spectra were generated through division of the sample spectrum by that
of a pure PTFE-reference. The peak positions were determined by fitting with Lorentzian

functions.6?

1.2 Theoretical

All simulations of FePO, were performed using the CRYSTAL17 software package, %12 which
enforces three-dimensional periodic boundary conditions. The calculations employed the
hybrid-GGA B3LYP functional.'®* The atomic wavefunctions were represented by the
Ahlrichs triple-zeta basis set with one polarization function (VTZP)' for the iron atoms,
while the non-metal atoms utilized the triple-zeta 6-311G(2d,2p) basis set. 671 Reciprocal
space sampling was performed using Monkhorst-Pack scheme, with 504 k-points in the irre-
ducible Brillouin Zone for the P1 structures. Geometry optimizations were initiated from
the experimental X-ray diffraction determined structure.?’ All atoms and lattice vectors were
allowed to fully relax with an energy convergence criterion of AE < 10~® hartree. 012
Vibrational frequency calculations were executed based on the optimized structures, to
yield vibrational normal modes and IR intensities. The energy convergence criterion for
frequency calculations were set to a more stringent value of AE < 107! hartree. Eigen-
values (frequencies) and eigenvectors (normal modes) were calculated numerically through
harmonic approximation.?! IR intensities were calculated from the dipole moment deriva-
tives, which were determined using Berry phase method.!%2223 The potential energy curves
for selected normal modes were determined by displacing the structure along the chosen
normal mode coordinate and calculating the energy at each step.'??22* The influence of
the internal electrical field produced by the non-absorbing matrix material on the predicted
terahertz spectrum was determined using PDielec package.?® The particles were modeled as
slab-shaped crystals, and the post-processing was performed using effective medium theory,

specifically the Maxwell-Garnett mixing rule. The variable concentration in simulations were



matched with experimental situation, from 10% w/w to 30% w/w, in 5% increments.
Predicted PXRD patterns were generated by the Cambridge Structural Database (CSD)-

Materials package in the Mercury software. An ideal Cu K, (A = 1.54056 A) radiation

powder pattern was calculated from 5 to 50°in 26 in step of 0.02°, with peaks convolved

using a Pseudo-Voigt function.?¢
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S. 1: Scan of normal coordinate for the single negative-frequency mode in the closed-shell P3; 21
simulations, where the true minimum occurs at ¢ = —0.2.



0.14

—Fitting Line
°o Scan Mode
- - Symmetric Axis

0.12 4

0.1

0.08

0.06

Energy (KJ/mol)

0.04

0.02 1

-2 -1.5 -1 -0.5 0.5 1 1.5 2
Normal Mode Corrdinate(q)

1
1
1
1
1
1
I
1
1
1
1
I
1
1
1
1
1
1
I
1
1
1
1
1
1
I
1
1
1
1
1
1
1
1
1
1
1
|
0

S. 2: Scan of normal coordinate for the single negative-frequency mode in the low-spin antiferro-
magnetic C2 simulations, where the true minimum occurs at ¢ = —1.5.



3 Structural Parameters and Energies

Table 1: Experimenta

120

and predicted unit cell parameters (A), average percent
deviation (%), and relative energies (kJ mol™') for the studied structures.

Experimental | Closed Shell HSFM LSAFM?
a (&) 5.036 1.949 5097 5.080
b (A) 5.036 4932 5007  5.080
c (A) 11.255 11.025 11.368  11.414
Avg. % Deviation — 1.94% 1.14%  1.05%
Rel. Energy (kJ mol™!) - 10.459 0.029 2.733

tAs the structure was simulated in P1, in order to compare to the experimental structure
this structure was generated by imposing a space group symmetry of P3;21 upon

full-optimization.
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