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Figure S1. HAADF-STEM images of areas not exposed to the electron beam during reaction of (a)
the Fe nanoparticles after 25 minutes of reaction time and (b) the Fe2C nanoparticles after 35 minutes
of reaction time at 200 C in 2 Pa O».

Characterization of the Iron Carbide Nanoparticles

The nanoparticle samples were studied with a X-ray diffractometer (XRD, Rigaku
MiniFlex600) using a Cu Ka source (A =1.5418 A). The XRD pattern shows that the nano-
particles phase is Fe2C without noticeable peaks from Fe or FesOs (Figure S1).
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Figure S2. XRD pattern of the Fe2C nanoparticles. Coloured guide bars are shown for FesOs (PDF
No. 01-079-0418), Fe (PDF No. 00-006-0696), Fe:C (PDF No. 00-036-1249).

X-ray photoelectron spectroscopy (XPS) was performed on a high-performance XPS
system (Shimadzu Kratos, Axis-Ultra DLD) using Al Ka radiation on the Fe2C. The Fe 2p
spectra for both materials are shown in Figure S2. The Fe 2p spectra for the Fe2C nano-
particles were fit using six different peaks; Fe?, Fe?, Fe*, high-binding energy surface
structures, satellite peaks, and an extra species appearing in the spectrum at around 704
eV (Table S1).1¢
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Figure S3. Fe 2p core level XPS for the Fe2C nanoparticles. Black, yellow, blue, and red curves rep-
resent raw data, Shirley background, deconvoluted peaks and the sum of the components, respec-

tively.
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Table S1. Fit parameters for the Fe2p core level XPS of the Fe:C nanoparticles.

BE 2ps2 [eV] BE 2p12[eV] BE (2pw- Spin-orbit inten- Proportion

Component — pwHM)  (FWHM)  2ps»)[eV] ity ratio (%)

Fe-C  7046(18) 7177 2.2) 13.1 22 6.1

Feo 7071 (21) 7204 (2.4) 133 22 25.7

Fex 7095 (2.8) 7227 (2.9) 132 22 42.0

Fe> 7110 (30)  724.6 (3.0) 13.6 2.0 26.2
Fesurface  713.0(55) 7265 (5.) 135 2.0 :
Fesatellite 7183 (3.0) 7319 (3.0) 13.6 2.0 !

In the case of Fe:C nanoparticles, the Fe? species is 26 %. The peak at 704.6 eV has a
lower binding energy than Fe? suggesting that the species is closer to the metallic state
rather than an oxidized one, which is attributed to Fe-C.20

To confirm the different iron phases present in the final structure, Mossbauer spec-
troscopy was performed on Fe:C NPs. Figure S3 shows the ¥Fe Mossbauer Spectrum on
the Fe2C nanoparticles and the relative fit. The parameters used for the fitting are listed in
Table S2. 58 mg of the Fe:C nanoparticle powder sample was placed in a mortar with ~100
mg pure sucrose powder and mixed to form a solid dispersion. The powder was pressed
between two plastic disks to form a coin-shaped absorber of 2.1 cm diameter. Measure-
ments were performed at room temperature using a SeeCo W302 constant acceleration
drive with a triangular reference signal. The source was driven at a velocity scale of 12
mm/s. Data were accumulated in 1024 channels. The spectrum was fitted with Recoil soft-
ware and was folded relative to a 10 um thick a-Fe foil.
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Figure S4. Room temperature ’Mossbauer spectrum of the Fe2C nanoparticles. The fits are shown
using a superposition of two Voigtian doublets and four Voigtian sextets (the coloured lines). The
residual to the measured data is indicated by the grey line at the bottom.

The spectrum is a superposition of at least 4 sextets and a quadrupole doublet.
Voigtian line shapes were used to represent a Gaussian distribution of Lorentzian lines,



which arise from a range of sizes, shapes, chemical compositions and crystallinity in the
sample.

Table S2. Best fit parameters of the ’Mossbauer spectrum of Fe2C nanoparticles.

0 (mm/s) Q (mm/s) e(mm/s) H(KOe) w3 (mm/s) Relative area (%) Assigned species
0.366 + 0.002 0.9443 + 0.0007 - - 30.3 Amorphous Fe*
0.47 £0.03 1.31+0.05 - - 1.2
170; o0=10 70.6
0.217 £ 0.002 - 0.065+0.002 197, 0=2 7.2 44.5 Fe:C
213;,0=6 22.2
96; 0 =16 0.17 80.0 . . )
0.447 + 0.006 - 0.03+0.03 230;0=0.1 92 191 (ixtureofferricoxideand Fe-
—_— — C alloy
490; 0=13 10.8
0.64 +0.01 - 0.02 +0.02 7;1?; Z ; 2 7:;88 3.8 Ferric oxide
0.2+0.1 - 04+0.1 335 0=30 1.1 a-Fe

Electron diffraction of the Fe2C nanoparticles were carried out before the reaction and
afterwards in the microscope (Figure S4). After the reaction the pattern matches that of
FexOy (maghemite or magnetite).
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Figure S5. Electron diffraction of the Fe2C before the reaction, and after showing the particles were
oxidized to iron oxide (FexOy).



