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In addition to the Cu-Ni/graphene aerogel catalyst, bare graphene aerogel was
characterized by various techniques including SEM, TEM, XRD, Raman, XPS, and N, sorption,
which are described in this section. The morphology of graphene aerogel (Ggero) Was
characterized by FE-SEM and TEM as shown in Figure S1. FE-SEM image of graphene aerogel
(Figure S1a) shows interconnected porous structure attributing to the large enterable area of
graphene and providing abundant porous architectures due to the intermolecular force of n-n
conjugation of graphene nanosheets '. As shown in Figure S1b, TEM image of graphene aerogel
displays almost transparent sheets with many wrinkles, resulting from their interconnected 3D

frameworks structures.
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Figure S1. (a) FE-SEM and (b) TEM images of graphene aerogel.

XRD analysis shown in Figure S2a displays the crystallographic structure of graphene
aerogel and graphite oxide (GO). The main peak of GO exhibits a sharp peak at around 10°
related to the (001) reflection, which is attributed to the crystallinity of aligned GO due to the
oxygen functionality 2. After reduction process, the main peak of GO at 10° completely
disappeared and shifted to around 25° related to (002) plane indicating the efficient reduction of
GO to graphene aerogel 3. To further clarify the surface chemical composition of graphene
aerogel and GO (Figure S2b), XPS spectra of all samples show only Cls and Ols peaks
confirming that there are no any impurities. Notably, the O1s peak of graphene aerogel
significantly decreased in intensity because the oxygen-containing functional groups of GO were
removed during the hydrothermal reduction, which is in agree with XRD results. To identify the
quality of graphene-based supports, the Raman spectra of all samples (see Figure S2¢) display
two remarkable peaks at around 1356 cm™! and 1597 cm™!, representing to the D band and the G
band, respectively. It is generally known that D band is related to the disordered carbon structure

(sp?) with the breathing mode of k-point phonons of A;, symmetry, while G band is correlated
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with sp? carbon structure (the E,, mode) 5. Additionally, the intensity ratio of the D band to G
band (Ip/lg) increases when the defect degree of graphitization increases % 7; therefore, the Ip/lg
values of GO and graphene aerogel are 0.85 and 1.0, respectively, indicating that GO was

successfully reduced to graphene aerogel.
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Figure S2. (a) XRD patterns, (b) survey XPS spectra, and (c) Raman spectra of samples

[Note that (a) and (b) symbols in Fig. S2a—c are graphene aerogel and GO, respectively].

The N, sorption isotherm of graphene aerogel (Figure S3) is assigned to a type-1V
isotherm (H3-type hysteresis loop), owing to the porous 3D framework 8. Moreover, the BET
surface area shows that graphene aerogel has a specific surface area of 421 m? cm™! and the pore
size distribution displays the main peaks at around 2.44, 3.41, and 5.60 nm, corresponding to the
mesoporous structures. As all evidence above, it is concluded that graphene aerogel was

successfully synthesized via simply hydrothermal reduction method.

S3



1200

1100 -

1000 £
o) 1 : -

m‘é 900 3 y
£ 8001 -fW A r
< 700 HER!R4Y,
-E 600 1 L ;:m dimmr(nl[ﬂ“ﬂ) 1000
= 500 ] /
s 400 LAY
% 300 __ _‘./-—l—./l- —:‘.’./
= 200 - -_.__._,._--:::_._.——.—.—-—.‘_
100 ] .l:I-—I—I—-I——I—-
0.0 0.2 o = -

Relative pressure (P/Pg)

Figure S3. N, sorption isotherm of graphene aerogel.
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Figure S4. C1s XPS spectra of 15%Cu-Ni/graphene aerogel: (a) route A and (c) route B

and O1s XPS spectra of 15%Cu-Ni/graphene aerogel: (b) route A and (d) route B.
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Table S1. Metal contents of Cu-Ni/graphene aerogel after loading Cu-Ni simultaneously with

hydrothermal reaction of graphene oxide (determined by ICP-OES).

Sample Cu content (wt.%) Ni content (wt.%)
10%Cu-Ni/graphene aerogel 3.45 0.55
15%Cu-Ni/graphene aerogel 3.47 0.62
20%Cu-Ni/graphene aerogel 5.22 1.14
25%Cu-Ni/graphene aerogel 5.60 1.20
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