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Figure S1 (a-c) Comparison between the measured and simulated XRD patterns for Bi; ,Nd,FeOs;

(BNFO,) nanoparticals in the range of x=0~0.2. (d) The magnified patterns of (104) and (110)

diffraction peaks.

The Rietveld refined XRD patterns of Bi;,NdFeO; samples are shown in details

in Figure S1 respectively, it can be found that the simulated XRD results are coincide

well with the measured results and the lattice parameters can be defined.
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Figure S2 THz spectra of (a) imaginary (u), and (b) real parts () of BNFO, nanoparticles.

As the pellets for THz spectra were prepared by mixing Bi, ,Nd,FeO; (BNFO,)
nanoparticles with pure polyethylene (PE) power, the complex dielectric is
characterized by effective medium theories of Polder and van Santen models for rods

Er—& _ Ep ~
p
S5ept¢, 3(e, + &)

to eliminate the influence of the mixed PE power.! The

€,» &, and &, are the permittivity of the BNFO, nanoparticles, host pure PE power
and mixtures, respectively. The f, is the volumetric particle fraction (0< f, <1) of the
doping BNFO, nanoparticles with the relation of f =f, /(f,,+(1-f,)p,/p,), and

the f, is the weight fraction of BNFO, nanoparticles and pure PE. The p, and p, is

the densities of BNFO, nanoparticles and pure PE power, respectively.?® The fitted
parameters are shown in Table SI with the high-frequency permittivity of &, =4.0 in

all nanoparticles.



Table SI Fitted parameters of electomagnons modes / and 2, and, phonon modes E1, E; and 4, for

the BNFO, nanoparticles with &, =4.0.7

Mode X 0 0.03 0.06 0.08 0.10 0.12 0.14 0.17 0.20

y(cm™) 1197  40.04 2647 24.81 25.88 1729  26.92 9.53

EM  yp(em?) 3628  39.60  50.75 46.24 55.45 71.87 55.65 51.06 44.92

Ag; 2.22 2.92 2.88 2.28 222 0.68 4.67 5.13 18.81
yilem?)  26.69  40.41 4451 34.01 43.68 23.86 59.32 331.33 315.9
Ag; 1.69 0.23 0.19 2.22 1.81 5.95 0.96 11.39 3.03
po(em!) 3519 18.05 2147 88.02 131.77 258.6  111.17  208.22 79.16
PH

Ag; 3.48 4.54 5.76 5.39 6.5 4.14 6.92 1.70 6.27

ps(cm?) 6197  81.05 94.08 88.5 103.76 97.48 105.1 66.96 239.7
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Figure S3 (a) Measured un-polarized Raman spectra for BNFO, nanoparticles between 100~1600
cml, (b) A magnified view between 100~700 cm! fitted by Lorentzian function. (¢) A magnified

view between 850~1600 cm™! fitted by Lorentzian function.



In the R3¢ BFO structure, the ferroelectric distortion originates from the
stereochemical activity of Bi3* 6s? lone electron pair, where the Fe-O-Fe bond angle
gives strong antiferromagnetic superexchange interaction.® ° The Bi atoms only
participate in low-frequency modes up to 167 cm’!, while the Fe atoms are mainly
involved in modes between 152~262 cm™! with possible contributions to some higher-
frequency modes, and the motion oxygen atoms dominate the modes above 262 cm™'.°
The higher frequency orders of E modes at 900~1600 cm™! may be associated with the
strong coupling of spin-lattice from the interaction of adjacent magnetic sub lattices of
BFO,! since they are related to the octahedral rotation with critical role of weak
magnetism. Obviously, the 4; and low frequency E modes (<400 cm') play an
important role in ferroelectrics, which all mainly contributes to Bi-O bonds, while the
2Egs and 2FEy modes exhibit essential roles in antiferromagnetism through
superexchange. Therefore, the un-polarized Raman scattering spectra of BNFO,
nanoparticles at 0~1600 cm-!' are measured at room temperatures shown in Figure
S3(a). Three sharp peaks below 250 cm™! are assigned as 4, A and 43 modes, and the
three peaks at high frequency of 900~1600 cm-! are labeled 24,4, 2E5 and 2E9 modes.
One can see that these six peaks are weaken in intensities and broaden in linewidth
gradually. The measured spectra are fitted by decomposing the curves into individual
Lorentzian components shown in Figure S3(b) and S3(c), where the peak positions of

each component are obtained.
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Figure S4 Fe 2p XPS spectra of BNFO, nanoparticles.

The Fe 2p spectra are shown in Figure S4 with the C 1s peak at 286.58 eV. It can
be found that the Fe 2p core level consists of two components of 2p3, (710.43 eV)
and 2p;, (724.01 eV) with spin-orbit splitting energy of 13.58 eV, which is coincident
with the theoretical value of Ag. 5, (13.6 eV) for Fe,O;.!! When we fit the Fe 2p;), by
mixed Gauss-Lorentz function of Shirley background, we can see that the binding
energy of Fe 2p;,, is composed of Fe** and Fe3* at 709.73 eV and 711.12 €V in pure
BFO, respectively. While the binding energy of Fe 2p;,, at x=0.2 presents 709.96 eV
for Fe?" and 711.42 eV for Fe', respectively. Obviously, the peaks of Fe 2p;/, gradual
shift into higher binding energy, which indicates an increasing bond strength between

atoms.
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