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Figure S1. EDS mapping of FesO4s@GO composite aerogel.
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XPS calculations for the surface composition of the samples

The deconvolution procedure of the XPS data yielded the curves depicted in Figs. S2 to S5
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Figure S2. XPS deconvolution results for GO aerogel sample in the different spectral regions.
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Figure S3. XPS deconvolution results for Fes0s@GO composite in the different spectral regions.

M11

N1s

260 285 290
BE (V)

533 535 394 396 398 400 402 404 406 408
BE (eV)

BE (V)

Figure S4. XPS deconvolution results for peiGO aerogel sample in the different spectral regions.
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Figure S5. XPS deconvolution results for pei(FesOs@GO) aerogel in the different spectral regions.
From spectral data, the atomic percentage for each peak was calculated and the obtained values are

shown in Table S1.

Table S1. Atomic percentages (i) of the different analysed regions (C 1s, O 1s, N 1s, Fe 2p3/2)

and correspondent peaks.

Peak <B'eE\'/> GO Fes0:@GO peiGO | pei(Fes0s@GO)
Charge 283.3 - - - -
P1 2846 | 223 169  10.1 5.35
P2 285.4 | 3.24 9055 448 48.0
P4 286.6 | 35.1 231 592 7.00
P5 288.2 | 452 114 765 7.62
P5b 288.8 | 0.00 000 0.0 0.00
P6 290.2 | 0.00 0.00 0.0 0.00
Charge 530.3 - - - -
P7a 530.2 | 0.00 212 0.00 0.66
p7 531.4 | 0.00 773 765 7.16
P8 532.5 | 29.3 219 369 2.85
P9 535.5 | 4.12 423 000 0.70
P9 534.4 | 0.00 0.00 0.0 0.00
N (N1s) 1.36 120 202 20.0
P12 398.9 | 0.00 0.00  0.00 1.45
P13 399.8 | 0.67 062  19.9 16.7
P14 401.6 | 0.69 058  0.00 1.85
P15 403.0 | 0.00 000 033 0.00
Fe

© ool i 1.80 i 0.65
P16 7100| - 0.10 : 0.27
P17 7108| - 0.53 i 0.00
P18 17| - 1.07 i 0.30
P19 7151 - 0.00 i 0.06
P20 7190| - 0.11 : 0.01

As can be observed in the Figs. S2-S5, the four regions analyzed (C 1s, O 1s, N 1s, Fe 2p3/2) were
correctly deconvoluted by means of around twenty peaks. The following peaks and assignations

were used:
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C 1s region peaks:

e Charge peak at 283.3 eV can be assigned either to carbide species? or to a charging effect,? though
it is irrelevant for quantification purposes. In this work, it was attributed to a charging effect, and
the area of the region was corrected accordingly.

eP1 at 284.6 eV is ascribed to adventitious or C=C (sp? bonds) carbon® and was used as the
reference peak to correct the position of all regions.

eP2 at 285.4 + 0.3 can be ascribed to C-H sp® bonds and/or carbon atoms in -C-N functional
groups.*

e P4 at 286.6 + 0.2 eV is ascribed to -C-O-C-, -C-OH?® and -C=N® functional groups.

eP5at 288.2 + 0.2 eV is ascribed to >C=0" and O=C-O8 groups.

eP5b at 288.8 + 0.4 eV is ascribed to carboxylic acid groups (-COOH)?

eP6 at 290.2 + 0.1 eV is ascribed here to a satellite of the C=C peak,® thus contributing to the

carbon sp? together with P1.

O 1s region peaks:

e Charge peak at 530.3 + 0.4 eV is ascribed to an inhomogeneous charge effect.'°

eP7aat 530.2 eV is ascribed to FeOy bonds.*

eP7 at531.4 + 0.2 eV is ascribed to >C=0 groups*? or Fe-OH groups.®

eP8 at 532.5 + 0.2 eV is attributed to C-OH, O=C-0-C=0, R-O-R and R-O-C=0 groups.®
eP9 at 533.5 + 0.1 eV is ascribed to oxygen in O=C-O-C=0 and R-O-C=0.3

eP9b at 534.4 + 0.1 eV is ascribed to oxygen in -COOH.?

Chemisorbed water, potentially contributing to the spectra with a peak at 535.5 eV,'* is absent in

all the samples.
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N 1s region peaks:

eP12 at 398.9 + 0.4 eV is ascribed to pyridinic nitrogen.®

eP13 at 399.8 + 0.3 eV is ascribed to amine/amide functionalities.'® Although both functionalities
are considered to have a similar binding energy, most authors consider that the amines show up
at a slightly lower binding energy than the amides.’

eP14 at 401.6 + 0.3 eV is ascribed to graphitic nitrogen.*®

eP15at 403.0 £ 0.6 eV appears in an insignificant proportion in the N 1s spectra of peiGO and can
be attributed to several causes, such as charging effects,'® n excitations,'® NO groups? or even

graphitic nitrogen.®

Fe 2p3/2 region peaks:

e P16 at 710.0 eV is ascribed to Fe?" ions in iron oxide.?

eP17 at 710.8 eV is ascribed to Fe** ions in iron oxide.?

eP18 at 711.7 + 0.2 eV is ascribed to Fe3* ions in FeOOH (goethite).!3
eP19 at 715.1 eV is a satellite peak of Fe?*.?2

* P20 at 719.0 + 0.3 eV is a satellite peak of Fe3*.22

With the atomic percentages evaluated by the deconvolution procedure of each peak (ai values,
where i stands for the name of the corresponding peak) and the peak assignations above indicated,
the following equations can be established (%Er represents the atomic percentage of an element E,

referred to the total amount of superficial C, O and S, that belongs to a functionality F):

apy + aps = %Cc=c (1)
apy = %Cc_gps + %Cop (2)
py = %Cc_g_¢c + %Cc_on + %Cc=y ©)
aps = %Csc=0 + %Cr_o[cl=0 T %Co=c-0-c=0 (4)
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apsp = %Ccoon

ap7 = %Csc=0 + %0re-on

p7a = %0pe—o

apg = %0c-on + %0c-0-c + %0g_o_co] T %0[Gl=c-0-c=[0]
QApg = %OR—@—C=0 + %00=c—@—c=0

apop = %0coon

ap1o = %0y,0

ap12 = %Ny_pya (Pyridinic nitrogen)

ap13 = YNy_qmi (@minic/amidic nitrogen)

ap14 = %Ny_gr (graphitic nitrogen)

Additionally, the following restrictions can be deduced:
%Csc=0 = %0sc=0

%Cc—_on = %0c_oy

%Co=c-0-c=0 = %0@=c—o—c=@

%CR—0—=O = %OR—O—C=@

%Cc-0-¢c =2 X %0c-0-c

%Cc-_n = %Nc_qmi

%Cc=n = %Ny_pya + %Ny_gr

%0coon = 2 X %Ccoon

%0@)=c-0-c=[o] = 2 X %0p=c{0}-c=0

%0g—0-c=[0] = %O0r-[g]-c=0

%0pe—o = %Fepeun-o + 1.5 X %Fepeqiy-0 + %Fepeoon

%0Fe—on = %Fepeoon

()
(6)
(7)
(8)
(9)
(10)
(11)
(12)
(13)
(14)

(15)
(16)
(17)
(18)
(19)
(20)
(21)
(22)
(23)
(24)
(25)
(26)
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With the above equations, the composition of the samples in terms of the different functionalities

can be established as:

%Cc=c = ap1 + apg (27)
%Cc_spz = Apz — Ap13 (28)
%Cc-n = ap13 (29)
%Cc=n = ap12 + Ap1a (30)
%Cc-o-c =2 X [apy — apg + aps — ap7 + Ap1g — Ap1z — Ap14] (31)
%Cc-on = 2 X [apg — aps + ap; — ap1gl + Ap12 + Ap1a — Apy (32)
%Csc=0 = ap7 — Ap1g (33)
%Cr_0-[cl=0 = 2 X Apg — Aps + Apy — Ap1g (34)
%Co=c-0-c=0 = 2 X [aps — ap; + ap1g — apo] (39)
%Ccoon = @psp = 0.5 X Apgp (36)
%Ny_ami = Ap13 (37)
YNy_pya = Ap12 (38)
%Ny_gr = Ap14 (39)
%Fereoon = p1g (40)
%Fepen-o = ap1s + Ap19g (41)
%Ferpeqm-o = Ap17 + Ap2o (42)

The deconvolutions of C 1s and O 1s regions were performed simultaneously by home-made ad
hoc Microsoft® Excel macros in order to minimize an error function that simultaneously excluded
negative values of the different functional group percentages (egs. (27) to (42)) and permitted to
fulfil the balances expressed by equations (22) and (25). The results of applying equations (27) to
(42) to the values indicated in Table S1 are shown in Table 1 (main text), where the surface

composition of the different samples is established.
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