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FTIR and XPS results analysis

The oxygen element comes from the oxygen containing functional group in gelatin,
which is an animal derivative produced by partial hydrolysis of collagen or extracted
from various animal by-products. It is unavoidable to contain various proteins that
have abundant oxygen-containing functional groups. In our case, the O element was
not completely decomposed, resulting in the O element peak in the Fe/Fe;C@PCS
composite.

As for the concern about the presence of Fe-O bond, the FTIR and XPS spectra of
Fe/Fe;C@PCS were measured. In FTIR, two bands at ~1250 cm™! and 1600 cm™! were
observed, ascribing to C-O and C=0 bond vibration, respectively.! As for the
characteristic peak of Fe-O at ~500-600 cm™!, no such peak was observed (Figure
S1).2 In XPS spectra, the high resolution Cls spectrum with the binding energy

ranging from 282 to 292 eV can be fitted into four different peaks, as shown in Figure



S2A. The peak located at ~284.31 eV corresponds to the sp?>-hybridized graphite-like
carbon atoms (C=C).3* The peak centered at 285.07 eV is attributed to the sp?-
hybridized carbon atoms (C-C)/or incomplete or defective graphitic structures.>* The
other two peaks are considered to originate in carbon atoms binded to one and two
oxygen atoms, respectively. With respect to the high resolution O Is spectrum, it has
three distinct peaks. In details, the peak located at ~532.57 eV is due to C=O; the one
at ~534.08 eV derives from the contribution of C-OH/C-O-OH/N-O-C;* as for the
peak at ~535.78 €V, it comes from the physically adsorbed O,/H,O (Figure S2B).*
The Fe 2p spectrum consists of a doublet structure due to multiplet splitting (i.e.,
Fe2ps;, and Fe 2p;)) as shown in main text (Figure 6B). The peaks at 706.7 eV and
709.8 eV are the Fe and Fe;C, respectively.®> Other peaks may be considered as Fe3*
shake-up satellite.

Based on the above results, there are some Fe-O compounds in the as-prepared
product, but we believe that the Fe, Fe;C and C are the mainly compounds in our

sample.
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Figure S1: The FTIR spectrum of Fe/Fe;C@PCS.
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Figure S2. The XPS analysis of Fe/Fe;C@PCS: (A) C 1s spectrum; (B) O 1s

spectrum

To identify the phase and structure of the product, HRTEM was performed. The
Fe/Fe;C particles were surrounded by carbon. The lattice fringe with a distance of
0.21 nm, indicating a highly crystalline structure, corresponded to the (110) plane of
the a-Fe crystal. The outer lattice fringe with a calculated d-spacing of 0.34 nm
corresponded to the (002) plane of graphite.® The lattice fringe with a distance of
0.126 nm is attributed to (322) crystal planes of Fe;C.” Therefore, we believe the

presence of Fe/Fe;C structure in sample.



Figure S4. The elemental mapping of the homogenous dispersion and the EDS spectrum of the

Fe/Fe;C@PCS.



ey
'J'|
i<

7]

=]

=]
I

[*]

13

[=}
T

—=— (Fe/Fe C@PCS)
o (nZVI)

pep - 959 m/g
1253 1n2/g

BET

Quantity Adsorbed (cmj/g STP)
T I T

w
1=
T T

0.0 0.2 04 0.6 0.8 1.0
Relative Pressure (P/P )

Figure S5. Nitrogen adsorption-desorption isotherms of Fe/Fe;C@PCS and nZVI.
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