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Supporting Figures

Fig. S1 Low-magnification (a) and enlarged (b) SEM images of r-GO were coated with Fe-
precursor nanoparticles (Fe-precursor@r-GO NPs); Low-magnification (c¢) and enlarged (d)

TEM images of -GO were coated with Fe-precursor.
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Fig. S2 (a) SEM image of r-GO were coated with Fe-precursor nanoparticles; (b) Corresponding

EDS elemental mappings of C, Fe, O, N, and Cu for the Fe-precursor@r-GO NPs; (c) The EDS

microanalysis and the corresponding elemental contents on selected areas of the Fe-precursor@r-

GO NPs; (d) Raman spectra of Fe-precursor@r-GO NPs.
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Fig. S3 XPS spectra: (a) wide scan, (b) high-resolution Fe 2p spectra, (c) high-
resolution O 1s spectra, and (d) C 1s spectra of the a-Fe,O;@r-GO NRAs composite.
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Fig. S4 (a, b) SEM image and corresponding EDS elemental mappings of Fe, O and Cu
for the a-Fe,O; NRs; (¢, d) SEM image and corresponding EDS elemental mappings of
C, O and Cu for the r-GO nanosheets.



The Morphology Evolution: Before the hydrothermal reaction, only some irregular Fe-precursor NPs are
uniformly scattered on the surface of r-GO sheets (as shown in Fig. 6a). When a small amount of FeCl; (0.4
mmol) is added in this system, most Fe-precursor NPs have evolved into densely Fe-precursor nanosheet
arrays (NSAs) standing upright on the surface of r-GO nanosheets (Fig. 6b). This suggests that
heterogeneous nucleation of Fe-precursor nansheets on the r-GO sheets has been facilitated by the rapid
hydrolysis process for lower Fe* concentrations. While the amount of FeCl; increase from 0.8 to 1.2 mmol,
nanosheets-nanorods hybrid structures are obtained (Fig. 6¢ and d), which are evident that the rod-like o-
Fe,0;5 nanostructures begin to appear and the number of the nanorods gradually increase. This morphology
change might be due to that the heterogeneous nucleation is impacted by the concentrations of Fe3'.
Increasing the amount of FeCl; to 1.6 mmol (Fig. 6e) results in the optimal morphology of a-Fe,O;
nanorod arrays, which densely standing and homogeneously distributed both on the surface of r-GO sheets.
Upon further increasing the amount of FeCl; to 2.0 mmol (Fig. 6f), a-Fe,O; mainly tended to grow into the
3D morphology (rods/flower-like) nanostructures, which consist of nanorods with the length ranging from

dozens to hundreds of nanometers.
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Fig. S5 XRD patterns of the a-Fe,O;@r-GO nanostructure arrays at different
amounts of FeCl; during the second hydrothermal process: 0.4 mmol, 0.8 mmol, 1.2
mmol, 1.6 mmol, and 2.0 mmol (marked as a-Fe,O;@r-GO NRAs, a-Fe,O;@r-GO
NSRAs, a-Fe,O;@r-GO NRSAs, a-Fe,O3;@r-GO NRAs, and a-Fe,O;@r-GO NFAs,

respectively).



Fig. S6 (a, b) SEM images of the products obtained as the NaNO; were not added to the
reaction system; (c, d) SEM images of the products obtained as the r-GO sheets without Fe-

precursor seeds were added to the reaction system.



Fig. S7 Morphologies of the a-Fe,O;@r-GO NRAs during the second hydrothermal process at various
reaction stages by setting the reaction time to (a) 0 h, (b) 3 h, (c) 6 h; (d) 9 h; (e) 12 h and (f) 15 h. In
the beginning, the irregular Fe-precursor NPs are distributed onto r-GO nanosheets surface (Fig. S7a).
When the hydrothermal reaction was extended to 2 h, some nanoparticles and nanorods are uniformly
formed on the r-GO surface (Fig. S7b). As shown in Fig. S7c, after reaction for 6 h, some short a-Fe,O3
nanorods start grew on the surface of r-GO nanosheets. While to 9 h, the a-Fe,O3 nanorods became
longer and partially covered on r-GO nanosheets surface (Fig. S7d). With the reaction time increased to
12 h, we can see that the well-ordered a-Fe,O; NRAs formed and fully covered on r-GO sheets surface
as shown by the SEM images in Fig. S7e. Nevertheless, upon increasing the reaction time to 15 h, the
packing of nanorods becomes dense and some agglomeration starts to appear onto r-GO nanosheets

surface (Fig. S71).
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Fig. S8 Galvanostatic discharge/charge profiles of the a-Fe,O;@r-GO NSAs anode
(a), a-Fe;,03;@r-GO NSRAs anode (b), a-Fe,O;@r-GO NRSAs anode (c), and a-
Fe,O3@r-GO NFAs anode (d) at a constant current density of 200 mA g-!. (d) Cycling

performance of the anodes at a constant current density of 200 mA g,
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Fig. S9 (a) Galvanostatic discharge/charge profiles of original r-GO anode at a constant

current density of 200 mA g'!. CV curves of the pure a-Fe,O3; NRs anode (b) and the original

r-GO anode (¢) at 0.1 mV s scanning rate. (d) Equivalent circuit and electrochemical

impedance spectra of the a-Fe,O3@r-GO NRAs after the first and 500t cycles.
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Fig. S10 (a) Low-magnification and (b) high-resolution SEM images of a-Fe,O3 nanorods/r-

GO composite after 500 cycling test.
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Fig. S11 (a) CV curves of the original r-GO anode at 0.1 mV s scanning rate. Galvanostatic

discharge/charge profiles of the pure a-Fe,O; NRs anode (b) and the original r-GO anode (c) at

a constant current density of 200 mA g!. (d) Equivalent circuit and electrochemical impedance

spectra after the 1st cycle.

12



(a) 900 - - =
J a-Fe20;@r-GO NRAs |
= 7801 (1.C=1000 mA g", 10 mV~3 V)
.m o
£ 600
<
E 4s0-
3\ 4
'© 300
©
% 4
150 -
o —Q—Charge
, 1 - Discharge
Ll I~ I ' L] - I » L) L} I
0 20 40 60 80 100
Cycle number
b 110
(b) 2‘“'-_—_—:-100
240 Tsn
4 - 80
200 4
-70

160 60

Capacity (mA h g")

Coulombic efficiency (%)

40 —a— Charge £
] 0~ Discharge (Current rate: 1.6 C) 10
0 0

Ll - Ll - L - Ll - L = L > L o L = I
0 100 200 300 400 500 600 700 800
Cycle number

Fig. S12 (a) Reversible capacity vs. current density (rate capability) for the o-
Fe,O3;@r-GO NRAs anode. (b) Cycling performance of the a-Fe,O;@r-GO NRAs

anode at a higher constant current density of 1.6 C.
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Supporting Tables

Table S1 A survey of electrochemical properties of Fe,O; (or r-GO)-based and theirs hybrid composites in

lithium ion batteries.

Electrode
description

Specific capacity
(vs. Li, mA h g!)

High rate capability
(mAhg")

Cycling stability
(%)

Ref.

a-Fe,0,@r-GO
NRAs composite

1212 mAh/g at 200 mA/g
between 0.01-3.0 V

776 mAh/g at 1600 mA/g

96.7 % after 500 cycles
at 200 mA/g

This
work

RG-O/Fe,0,
composite

1130 mAh/g at 200 mA/g

Fe,0,/GS
Aerogels

S S —
\GO/Fe, "(; 804 mAh/g at 45 mA/g
compostte

-"Fe‘\03 gaphene.................................
sheet-on-sheet 800.6 mAh/g at 100 mA/g

1300 mAh/g at 100 m.A/g

1118 mAh’g at 50 pA cm2
between 0 01~3 0 V

graphene thm

eeeprnnpse L
6,0, thombo-

hedra/graphene
composite
T G
Fe,0,/G(P))
..composite ...
a-Fe,0,/r-GO

compos ite

between 0.005~-3.0 V

) at 200 mA/g

990 mAh/g at 100 mA/g
between 0 00§~3 0 V

nanorod llke FeaOﬁ 1063.2 tnAh/g at 100 mAf’g

graphene compos1te between 0 005~3 0 V
Fe,0,/r-GO

nanocomposite between 0. 005~3 0oV

Fe,0,@C@G

composne between 0 01~3 0 V

Fe,0,/N-GS
composite between 0 3 0 V

Fe,0;-FLG
composite between D Dl 3 0 V
Fe,0,/rGO

composite between 0.01~-3.0 V

i
NRs/tGO
..Janocomposite
RGO-Fe,0,
nanocomposite

between 0 0]w3 0 V

between 0 0] -3 ov
HP-Fe-G
compostte

a- FewoijGO
compostte

1088 mAh/g at 200 mA/g

1284 mAh/g at 100 mAfg

~800 mAh/g at 800 mA/g

between 0 005~3 0 v

370 mAh/g at 6000 mA/g

between 0~3.0 V

280 mAh/g at 10000 mA/g

between 0.01-3.0 V

792.2 mAh/g at 5000 mA/g

between 0 005 3 0 V
~503 mAh/g at 1000 pA cm-2

1025.2 mAh/g at 100 mAfg

426.7 mAh/g at 1000 mA/g

634 mAh/g (for Fe,0,/G(H))
at 2000 mA/g

between 0.005-3 0N e e

210.7 mAh/g at 1000 mA/g

e]280 mAhfg at 30 mAfg

~500 mAh/g at 600 mA/g

~750 nLAhfg at 100 mA’g

430 mAh/g at 2000 mA/g

I012 mAh/g at ]00 mAfg

758 mAh/g at 200 mAf’g

295 mAh/g at 5000 mA/g

600 mAh/g at 100 mAf’g

180 mAh/g at 10000 mA/g

734 mAh/g at 5000 mA/g

969 mAh/g at 100 mA./g

336 mAh/g at 5000 mA/g

1200 mAhfg at 200 mAfg

531 mAh/g at 5000 mA/g

between 0.05~-3.0V

512 mAh/g at 5000 mA/g

between 0.005~3.0 V

14

~82.2 % after 50 cycles
at 100 mA/ g

86.6 % after 500 cycles
at 500 mAf g

~83.3 % after 50 cycles
at 45 mAfa

57.1 % after 100 cycles

t "00 mAfg

[1]

(21

[3]

(4]

% after 1000 cycles

at 1000 pA cmr?

85.7 % after 50 cycles
at 100 mA/g

~30% after 50 ) cycles at
200 mA/g

89.7 % after 50 cycles at
100 mA/g

[5]

[6]

1130mAhfg(or320mAll/g~99%a1‘ter4‘§0(0t

(71

(8]

~50.6 % after 30 cycles

at 100 mAfg

~81.5

120 % after 100 cycles
at 100 mAfg

% after 100 cycles

at 100 mA/g

at 200 mAﬂ’g

% after 50 cycles
at 50 mA/g

[l

[10]

[11]

[12]

~89.1 % after 300 cycles

[13]

~99.6 % after 300 cycles

at 10000 mA/g

73.2 % after 50 cycles

at 100 mA/g

at 500 mAfg

~75.8 % after 150 cycles

65.6 % after 100 cycles

77.7 % after 50 cycles
at 200 mA/g

[14]

[15]

[16]

[17]

(18]

at 1000 mA/g



F6203 -NC/GN

aerogels

a-Fe,0; nanorods

a-Fe,0/graphene
nanocomposite

rGO/0-Fe,0, nano- 1149 mAh/g at 100 mAfg

plate compostte

3D Fe,0,/RGO

hydrogel

Fe,0,-GNS rice
(or particle)-on-
sheet composite

a-Fe,0,/CNT-GF

compostte

nanohollow y- FeaOJ 109q mA.h/g at 100 mAfg 504 /g at 10000 mA/g

(@graphene hybrld

porous (}t-FelO3

nanosheets on

BN SO, Wit NOUSORUOTSSNSUNI WUOMS oo i~ OO, SO

a-Fe,O; nanorod 950 mAlg at 1000 mA/g
arrays on Ti foil

1140 mAh/g at 200 mA/g

908 mAh/g at 201 mA/g

between O 01 3 0 V

588 mAh/g at 50 mA/g

between 0 01~2 5 \%

between O 01 3 ov

1184 mAh/g (or 1120
mAh/g) at 100 mA/g
between 0.005~3.0 V

420 mAh/g at 6000 mA/g

between 0.01-3.0 V

837 mAh/g at 503 mA/g

361 mAh/g at 3000 mA/g

~475 mAh/g at 15000

mA/g

850 rnAh/g at 200 mA/g

280 mAh/g at 1000 mA/g

between 0.01-3.0 V

825 mAlg (or ~780 mAh/g)

at 1000 mA/g
and

633 mAl/g (or ~600 mAh/g)
at 5000 mA/g

900 mAh/g at 200 mA/g

between 0.01-3.0V

between 0.01-3.0 V

450 mAb/g at 3000 mA/g

1140 mAh/g at 100 mAg

between 0.005-3.0 V

573 mAh/g at 2000 mA/g

50 mAh/
between 0.05~-3.0V 50 EAn AR

15

108.5 % after 500 cycles
at §OO mA./g

[19]

121.3 % after 100 cycles

93 % after 30 cycles

at 1000 mA/g

~99 % aﬁer 1000 cycles

at 10000 mA/‘g

[20]

at 503 mA/g

[21]

[22]

~69.4 % after 70 cycles

~62 % (or ~27.9)
after 40 cycles at
100 mA/g

~100 % after 300 cycles

at 200 mAfg
at 1000 mAjg

at 1000 mA/g

~102.4 % after 60 cycles

~76.1 % after 100 cyc]es

(23]

at 200 mA/g

[24]

[25]

[26]

~90 % after 60 cycles

[27]

(28]

at 1000 mA/g



Table S2 A survey of electrochemical properties of Fe,O; (or r-GO)-based and theirs hybrid composites in

sodium ion batteries.

Electrode
description

Specific capacity
(vs. Na, mA h g)

High rate capability
(mAhgt)

Cycling stability
(%)

Ref.

o-Fe,0,@r-GO
NRAs composite

~450 mAh/g at 100 mA/g
between 0.01-3.0 V

~92 mAh/g at 1600 mA/g

~82 4 % after 300 cycles
at 200 mA/g

This
work

o-Fe,0,/rGO
nanocompostte

Fe,O -RGO (FG- 251. 9mAhf2 at 100 mAJg

30) composite

F6103@GNS
composite

nanopore-

structured y-

e Fe10 ﬁhn sEmsrmarmaan

“hanopore-
structured Y-

L0 film
3D porous y-Fe,O; ~722.3 mAh/g at 200 mA/g

(@C nanocomposite
porous Fe, O,
films
nanostructured

Fe1 0 s

SnO @graphcnc

nanocomposne

3D WS,-RGO

mlcrosphere

MoS,/graphene

composue paper

SnS,-RGO

composue

~310 mAh/g at 100 mA/g
bemeen 0 0‘3 3 O V

~400 mAh/g at 100 mA/g
between 0 00€~3 0 V

between 0 03~2 5 V

34‘? 7 mAhfg at 50 mA/’g

between 0.04~-3.0V

bemceu O 009 3 0 V
3 ‘10 mAh/g at 40 mAfg

between 0 005 2 8 V

%9 mAh/g at 40 mA/g

between(](}l 3 OV

404 mAth at lOO mAf’g ~93 % after 200 cycles at

between 0.01-3.0V

between 0 Ol~2 25 Vv

~77 mAbh/g at 2000 mA/g

32.8 mAh/g at 2000 mA/g

between 0.005~3.0V

110 mAh/g at 2000 mA/g

450 mAh/g at 250 mA/g

200 mAh/g at 1500 mA/g

210.4 mAh/g at 200 mA/g

bemeen 0 01~2 5 V

317 mAlW/g at 8000 mA/g

386 mAhfg at 100 mA/g

233 mAh/g at 5000 mA/g

233 mAh/g at 130 mA/g

143 mAh/g at 640 mA/g

287 mAh/g at 900 mA/g

240 mAh/g at 25 mA/g

173 mAh/g at 200 mA/g

~670 mAhfg at 100 mAfg

~544 mAR/g at 2000 mA/g

between 0.01-2.5V

16

~25.8 % after 150 cycles
at 100 mAfg

at iO mAfg

~68.8 % after 50 cycles

(29]

[30]

~75 % after 200 cycles

at 200 mAfg

% after 100 cycles at

2§0mAfg

~74.5 % after 200
cycles at 200 mA/g

at 100 mA/g

[31]

[32]

-—36 % after 200 cycles

[33]

at 250 mA/g

[34]

~67 % after 100 cycles

[35]

~71.4 % after 60 cycles

at 130 mAfg

at 20 mAfg

[36]

~9] %0 afler 100 cycles

[37]

[38]

200 mA/g

~83 % after 20 cyc]es
at 2* m.Afe

[39]

84 % aﬁer 500 cycles

[40]

at 1000 mA/g
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