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S1: Saturation magnetization calculation.

The saturation magnetization of the {001} sample can be attributed to a large

number of uncompensated spins on the surface and the bulk magnetization in a-Fe,O;

(250 K< T < 900 K):
NFeMFe
M =
2pv (1)

where, Npg. denotes the uncompensated number of Fe atoms in each particle,

contributing to the FM magnetization of the sample, Mg, = 5.9 pg is the magnetic
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contribution from each Fe atom (high spin) with where 1 ug = 9.273x102! erg/Oe.
5.256 g/cm? is the density of a-Fe,O3 and v is the volume of each particle. A factor of
1/2 is added because statistically, only those half particles (with odd number of Fe
layers) in the [001] direction will contribute to one layer of uncompensated Fe atoms,
whereas for those with even number of layers, the magnetic moments of Fe atoms are

canceled each other.

NFe = 2}/5’ (2)

where, v is the iron atom density of the termination layer (for the {001} facets, vy is 4.6
atoms/nm? ') and S is the surface area of each particle. A factor of 2 is added because
there are two layer of un-canceled Fe3" atom on the surface. Eq. (1) can be rewritten
as:

2ySMy, yMpg,

s 2pSd pd | (3)

where, d is the thickness of each particle. Using the data mentioned above, M; is

calculated to be:

My(emug™") = 47.9/d(nm) (4)

Thus, the saturation magnetization is approximately inversely proportional to the

thickness d of the {001} samples.

S2 VAMPIRE simulation



In this work, we use the open source atomistic simulator Vampire for the modeling of
the a-Fe,O; nanoplates. We adopt the following continuum-scale parameters from? 3
with M, = 1.84x10° A.m’!, K, = 2.0x103 J.m3, Ty = 950 K, where the sublattice
magnetization M; = My= 9.2x10° A.m"!. Taking the directional unit cell parameters a

=b =0.504 nm and ¢ = 0.229 nm (Fig. S1). Thus, the atomic-scale parameters can be
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volume of the unit cell, the number of nearest neighbors z = §, the number of atoms
per unit cell n,, = 2, J;,., 1s the interface exchange coupling constant, J;,,, s the intra-
layer exchange constant, and the spin-wave MF (mean-field) correction factor* ¢ =
0.766. Furthermore, because the present work focuses on the saturation magnetization
of the nanoparticles rather than their dynamical properties, a damping factor of a =
0.1 is used. In the simulation, we also add a factor of 1/2 because statistically, only
those half particles (with odd number of Fe layers) in the [001] direction will
contribute to one layer of uncompensated Fe atoms, whereas for those with even
number of layers, the magnetic moments of Fe atoms are canceled each other. The
simulated values of saturation magnetization with various thicknesses are given in

Table S1.



Fig. S1 Schematic representation of the a-Fe,O; unit-cell along different axes at the
temperature below the Morin transition.> Fe atoms are blue balls, and sublattice

magnetic moments are red arrows (not to scale).

Table S1 VAMPIRE program simulated values of saturation magnetization with
various thickness

Sample {001}-3nm  {001}-4nm {001}-5nm  {001}-6 nm {001}-7 nm {001}-8 nm

Ms (emu/g) 13.46 10.29 8.33 7.00 6.03 5.30

S3: SEM images of {001} samples



Fig. S2 SEM images of the 5 {001} samples listed in Table 1. (a) {001}-I; (b) {001}-

IT; (c) {001}-I1I; (d) {001}-IV; and (e) {001}-V.
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Fig. S3 The SEM images and thickness distribution of nanoplates images of the 5
{001} samples. (a) {001}-I; (b) {001}-II; (c) {001}-III; (d) {001}-IV; and (e) {001}-

V.



Fig. S1 shows the typical SEM images of the corresponding {001} samples. It
can be seen that these samples are mainly composed by hexagonal-shaped nanoplates.
Fig. S2 exhibits the cross sections of these samples. The average thicknesses of these
{001} samples are 8 nm, 7.5 nm, 6 nm, 4 nm and 3 nm, for {001}-1, {001}-II, {001}-
I, {001}-IV and {001}-V, respectively. We emphasize that although the thickness of
the {001} samples deduced form the SEM images could have some minor errors
(because it is hardly to get a cross section image of nanoplates from TEM image), the

relationship between the thickness and magnetism is qualitatively meaningful.

S4: S'Fe Mossbauer spectra of {001} and {012} samples.

To inverstigate the chemical enviroment of Fe3" and the magnetic interaction, the
>TFe Mossbauer spectra of the {001}-III and {012} sample were recorded at 300 K
and shown in Fig. S3. The spectrum of the {012} sample can be deconvoluted into
two spectra, corresponding to the surface disordered Fe’*(paramagnetic singlet) and
the bulk AFM (sextet), respectively. In contrast, the spectrum of {001}-III can be
fitted with one singlet and three sextet, corresponding to the surface disordered
Fe3*(paramagnetic singlet), the AFM, the surface FM and the interaction between the
surface FM and the adjacent AFM, respectively. The fitted value of the >’Fe

Mossbauer spectra are given in Table SII.
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Fig. S4 3"Fe Mossbauer spectra meausred at 300 K for a-Fe,O; (a) {001}-I11, and (b)
{012} sample.

Table S2. Fitted Mdssbauer parameters

Sample Fitted Isomer shift Quadrupole splitting  Hyperfine field Percentage [%]
spectrum [mm.s!] [mm.s!] [kOe ]
{001}-IIT  Singletl 0.480 / / 40.1
Sextetl 0.327 0.007 505.0 24.1
Sextet2 0.340 -0.011 480.1 18.2
Sextet3 0.393 -0.025 438.5 17.6.
{012} Singlet 0.350 / / 224
Sextet 0.380 -0.113 518.8 77.6

S5: Reported values of saturation magnetization for a-Fe,O;

Table S3. Reported values of saturation magnetization and coercive field for a-Fe,0;.

Crystal facet M, H,. [Oe¢] Temperature Size Ref.
(shape) [emu g ] [K] [nm]

{001}-V 14.14 20 300 80*80 This work
{012} 0.85 120 300 30 This work
{012} 0.25 950 300 200 6

{104} 0.48 2.05 300 60 7

{101} 0.05 4986 300 300 8
{101}/{111} 0.04 6512 300 300 8
Spherical 0.45 549 300 60 7




Nanodisc 0.41 214 300 140 o

Cubic 0.24 Not given 300 200 6
Thorhombic 0.6 314 300 300 10
Nanorod 0.55 65 300 50x600 "
Irregular shape 0.6 20 300 40 1
Nanoparticle 6 Not given 300 3-8 nm 12
3D nanoparticle 8.94 Not given 303 20-50 13
2D nanosheets 3-4 14
(110} Not given 300 Not given
Nanoparticle 21 20 300 below 5 nm 15
Particle 12.2 95 300 25 16
Thin Films 12 320 300 75-80 1
Thin Films 470 emu/cm?3 Not given 300 1 um 18
Thin Films 33 Not given 300 10-50 nm 19

S6: Low temperature and room temperature hysteresis loops

The magnetic hysteresis loop at a low temperature (50 K) was measured and
shown in Fig. S5. The hysteresis loops of {001}-IIT and {001}-V samples were
measured at a low temperature of 50 K. Both saturation magnetization Ms and

coercive field He increase at 50 K.
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Fig. S5 Magnetization (M) versus magnetic field (H) curves for the {001}-III and
{001}-V samples measured at 300 K and 50 K, with the enlarged M-H curves with

+300 Oe shown in the insets.
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S7: Curie temperature calculation

We use the Hinzke-Nowak Monte Carlo algorithm, using 20000 equilibration
steps and 20000 averaging steps, resulting in the calculated temperature-dependent
magnetization curves for a-Fe,O; shown in Fig. S5. The Curie temperature is

calculated to be 675 K.
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Fig. S6 Calculated temperature-dependent magnetization for the a-Fe203 {001}-IV
sample.

S8: The comparsion in ZFC/FC behavior.

Table S4. The composition, moprology, ZFC and FC characteristic and mechanism

of previous report and this work

Composition, size and External ) Ref.
ZFC/FC ZFC peaks Explanations

moprology field

a-Fe,O3 nanorods, 25 nm 1000 Oe Transition from SPM to spin
Overlap Tn=224 K 20

(S600) glass state

Porous a-Fe,03/Al 100 Oe T; >350 Morin transition was

] Borad peak
nanocomposite, 40 nm K; Tg suppressed by porous 21
~305K

=305K structure




10kOe 1 oierap | Ty=225K | -

a-Fe,0; {001}-nanoplates | 1000 Oe .

Ty, =240 K; Transition from FM to
60*60*6 nm. T=240K

Tg=110K Morin state to SPM

This
a-Fey03{012}-nanocube .. work
Transition from WFM to
Overlap Tm=220K M

S9: Reproducible morphology and magnetic properties of samples.

In order to minimize the experimental deviations, we prepared more than 5

samples for each {001} sample and then characterize its morphology and magnetism

properties. Fig. S7 shows the typical SEM, TEM, and M-H properties of {001}-1",

{001}-11", and {001}-III" from the different batches of products. It can be seen there

are only negligible differences between Fig. S7 and Fig. 1 in the main text. By doing

this, we believe these results are reproducible.
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Fig. S7 SEM image, TEM image, SAED pattern and hysteresis loop of

{001}-1" sample (a-d), {001}-II" sample (e-h) and {001}-III" sample (i-

D).
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