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Supplementary Information

§1. Rietveld analysis and electron diffraction
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Figure S1. Full-profile analysis of the washed iron oxide samples obtained at various

temperatures.
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Figure S2. Electron diffraction patterns (a —f) and radial-integrated ones (g — |) of the washed

iron oxide samples obtained at various temperatures.

§2. FMR frequency modeling

According to the theory from ref. [I. S. Poperechny et al, Phys. Rev. B, 93(1), 014441, 2016]
the frequency of ferromagnetic resonance for superparamagnetic particle can be expressed
as:



L,(81)

Ly(51)

Q,=1-2¢ P,(cos ),

where P, is the second Legendre polynomial, Ly(x) = 1/tanhx-1/x and
Ly(x)=1-3L,(x)/x are Llangevin functions, ¥ - easy axis tilt angle,
YH, vYH, uw  MgVyK, KV
e:_:—: 1/2, EL: — = B
2w 2yH, vkl Mgykpl kgl where @ — FMR frequency, Ho_

anisotropy field, ¥ — gyromagnetic ratio, T — temperature, kg — Boltzmann constant, K, —
magnetic anisotropy constant, V — particle volume.

The resonance frequency for ensemble of randomly oriented magnetic particles we have
determined as:

fr
K,V
b kT
= 05:(f, (¥ =7/2) + f,( = 0)) = ———(Py(cos ( = 0)) +
2L, k;‘T
and the value, that is proportional to the linewidth as:
K,V
LZ("BT)
A, = f,0b=/2) = £ = 0) = ——(Py(cos (I = 0)) = Py(cos (h = m/2))).
b kT

To calculate the f+ and the Afy for an ensemble of randomly oriented &-Fe, 03 particles the
following parameters T = 300 K, K, = 7.7-10° erg/cm3, Ms = 15 emu/g, d = 0 — 50 nm3, kg =
1.380649-1023 J/K were taken.
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Figure S3. a) Q, versus Y for an epsilon oxide particle of various diameters; b) Ferromagnetic
resonance frequency f, and linewidth Af, (y ~ Af,) as functions of the particle diameters in an
ensemble of randomly oriented spherical e-Fe,0;3 particles with parameters: K, = 7.7-106



erg/cm3 [18], Ms = 15 emu/g. Data was calculated using the theory from ref. [I. S. Poperechny
et al, Phys. Rev. B, 93(1), 014441, 2016].



