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Synthesis of nanocubes

Fes04 nanocubes were synthesized through two kinds of thermal decomposition methods: one-pot method
and two steps method.? For the former method (one-pot method), 1 mmol of iron(lll) chloride hexahydrate, 6
mmol of sodium oleate, and 20 cm3 of 1-octadecene were mixed in a three-neck flask and heated to 130 °C for 1 h
under N, flow protection. The solution was then heated up to 317 °C with the heating rate of 20 °C min~! and kept
for 2 h. The reaction solution was solid-like after cooling down to room temperature. It was sonicator-washed by
adding hexane and deionized water to remove NaCl, and then nanocrystals (dispersed in hexane phase) were
collected upon adding ethanol, followed by centrifuging. After precipitation, the nanocrystals were redispersed in
toluene and transferred into a glass vial. For the latter method (two steps method), 10 mmol of iron(lll) chloride
hexahydrate and 30 mmol of sodium oleate were dissolved in a mixture of 30 cm3 of hexane, 20 cm3 of ethanol, and
15 cm? of deionized water in a round-bottom flask. The solution was heated to 80 °C and refluxed for 4 h under
stirring. The solution was cooled down and allowed to phase separate; the brown hexane phase was separated from
the clear water/ethanol and washed with deionized water. The hexane phase was then transferred into another
round-bottom flask and the solvent was removed by rotary evaporator, yielding a red-brown viscous product: iron
oleate precursor. 10 mmol of iron oleate precursor, 2.78 mmol of oleic acid, 2.86 mmol of sodium oleate, and 50 mL
of 1-octadecene were mixed in a three-neck flask and vacuum dried at a temperature of 60 °C for 30 min to reduce
surplus solvent: hexane, ethanol and water. Afterwards, it was heated to 320 °C with the heating rate of 3 °C min~!
and kept for 30 min under N, atmosphere. The nanocrystals were collected upon adding ethanol followed by
centrifuging. After its precipitation, nanocrystals were redispersed in toluene and transferred into a glass vial.

Co30,4 nanocubes were synthesized through a two-phase solvothermal method.> # In a typical process, 0.51
mmol of Co(ll) nitrate hexahydrate and 1.00 cm? of 35 wt% hydrogen peroxide were dissolved in 15 cm? of
deionized water in a 50 cm? Teflon container. 2.00 mmol of oleic acid and 5.76 mmol of tert-butylamine were added
into 14.2 cm? of toluene. The organic mixture was gently added to the Teflon container. Oxygen gas was then
generated through decomposition of H,0,. After the generation of oxygen gas stopped, the Teflon container was
put into a stainless-steel autoclave and then heated at 180 °C for 12 h. After the reaction, the resultant dark black

liquid (upper phase) was transferred into a glass vial.
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Fig. S1 Schematic illustration of layer-by-layer manipulation using evaporation-driven self-assembly: fabrication of

nanocube monolayer (a) and nanocube bilayer (b).
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Fig. S2 Thermogravimetric analysis of oleic acid.
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Fig. S3 Probable 5’Fe Méssbauer spectra of Fe30, (a) and y-Fe,03 (b) at room temperature.>8 The 5’Fe Mdssbauer

spectrum of the nanocubes after 400°C calcination measured at 293 K (c) and the fitted result (d).

The room-temperature >’Fe Mdssbauer spectrum of Fe30, (Fig. S2a) is obviously different from that of y-Fe,0; (Fig.

S2b). 58 The room-temperature 3’Fe Méssbauer spectrum of the nanocubes after the calcination at 400°C is shown

in Fig. S2c. The spectrum was expressed with sextets with the fitted data (Table S1) for the >’Fe M&ssbauer

spectrum of Fe30, (Fig. S2d).

Table S1 Parameters for the >’Fe M&ssbauer spectra shown in Fig. S2d. Isomer shifts are given relative to a-Fe at

room temperature.

Area Isomer shift Internal magnetic field Line width
/% / mm s / kOe / mms?
Fed*
34.1 -0.057 463 0.655
(tetrahedral site)
Fe2.5+
65.9 0.296 468 0.645

(octahedral site)




Fig. S6 SEM image of the Fe304 monolayer. The domains are surrounded with yellow frames.



Fig. S7 Cross-sectional images of the Co;0,—Fe30,4 bilayer: (a) TEM image, (b, d) HR-TEM, and (c, e, f) FFT image

for red frames in (b) and (d), respectively.

Fig. S8 SEM images of randomly stacked Fe304 and Co304 nanocubes (a, b). Large and small grains represent Fe;0,
and Co30,4 nanocubes, respectively. SEM images of the Co30,—Fe30,—Co0304 nanocube trilayer (c, d). The second
layer of Fe3s04 nanocubes was observed through cracks of the third layer of Co304 nanocubes. The first layer was not

observed in these images.
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Fig. S9 Magnetic hysteresis loops of Fes04 nanocube monolayer: before and after calcination.
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Fig. $10 Comparison of coercivity of this work with previous works.>-11
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Fig. S11 Magnetic hysteresis loop of Fe;04-Co30, bilayer.
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Fig. S12 Magnetic hysteresis loops for the Co30,—Fes30,; bilayer measured at 10 K with magnetization

measurements upon zero-field cooling (blue line) and field-cooling (red line).
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