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Fig. S1. Proposed reaction mechanism for the cross-couping reaction of synthesizing
HsGY.

Fig. S2. SEM images with different resolutions of HsGY films. Scale bar: 10 um (a),
5 um (b), 2 um (c), 0.5 um (d).
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Fig. S3. TEM images with different resolutions of HsGY films.
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Fig. S4. Cross-section SEM image of the as-prepared HsGY film with the thickness of
18.2 pum.
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Fig. S5. Three simulated SAED patterns of stacked models for HsGY. Simulated
SAED patterns of AB (a/3, 0) (a), AB (2a/3, b/3) (b) and ABC (a/3, b/3) (c) stacked

models for HsGY, where a and b are the lattice translation vectors in the x and y
directions.
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S6. Six stacked configurations with the corresponding layer-to-layer distance. (a)

Fig.

the

and (2a/3

type structure of bulk HsGY,

d) The AB-
“A” layer by (a/3

(b

layer is shifted with respect to the

b/3); (e-f) The ABC

respect to the

b

type structure of bulk HsGY;

The AA-
3 (B 29

2

, b/2),

(a2

2

0)
‘(B”

2

) layer is shifted with

LGC” (

the

b

-type structure of bulk HsGY

b/3), where a and b are the lattice

0), (a/3,

b

) layer by (a/3

(5‘A”

(5B”

translation vectors.



— position 1
—— position 2
— position 3

Intensity (a.u.)

1000 1500 2000 2500 3000
Raman shift (cm’l)

Fig. S7. Raman spectra of HsGY obtained at different positions.
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Fig. S8. Calculated electronlc band structure and den51ty of states of the bulk HsGY.
(a) AA-type; (b) AB-type with the “B” layer shifted with respect to the “A” layer by
(a/3, 0); (c) AB-type with the “B” layer shifted with respect to the “A” layer by (a/2,
b/2); (d) AB-type with the “B” layer shifted with respect to the “A” layer by (2a/3,
b/3); (e) ABC-type with the “C” (“B”) layer is shifted with respect to the “B” (“A”)
layer by (a/3, 0); (f) ABC-type with the “C” (“B”) layer is shifted with respect to the

“B” (“A”) layer by (a/3, b/3). Calculated values of the band gap were listed in each
stacked type.
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Fig. S9 Cyclic voltammetry curves of a HsGY based electrode, recorded at a scan rate
of 0.2 mV s between 0.005 and 3 V using a LAND battery testing system. During the
first cathodic scan, an irreversible CV band around 0-1.0 V, which can be attributed to
the formation process of SEI film and the insertion or desertion reaction of sodium
ions into or from the HsGY layers. This phenomenon is perfectly consistent with the
charge-discharge profiles (Fig. 4c). The inconspicuous peaks in the CV of the sample

imply that the capacity is mainly dominated by faradaic pseudocapacitance because of

the high specific surface area.!
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Fig. S10 Differential curves of charge/discharge profiles of the HsGY based electrode

at a current density of 100 mA g! of the 2" and 3™ cycles. The specific capacity in



the region below 0.2 V can be attributed to the Na* intercalation into HsGY layers,
and the capacity above 0.2 V is related to Na ion adsorption on surface active sites as

“adsorption-insertion” mechanism.?#
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Fig. S11. Cycle performance of HsGY-based electrodes for SIBs under 200 (b), 500
(d) and 1000 (f) mA g,
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Fig. S12. SEM images of HsGY-based electrodes after 5 (a), 10 (b), 20 (c), 50 (d),
100 (e) and 500 (f) charge/discharge cycles under 500 mA g.
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Fig. S13. Raman spectra of HsGY-based electrodes after 1, 50, 100 and 500
charge/discharge cycles under 500 mA g!.
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Fig. S14. Raman spectra of HsGY-based electrodes after 1, 50, 100 and 500
charge/discharge cycles under 500 mA g!.

0.25

0.204

>

20.15

-y

£0.101

=

= 0.05-
0.001 )

00 02 04 06 08 1.0
Diffusion Coordinate

5
% {
©

Fig. S15. The energy barrier AE of Na atom diffusion. Insets show the local geometry
of adsorbed Na atom in the inital state, saddle point and intermidate point of diffusion
path. The energy barrier AE of Na diffusion was calculated via ab initio calculation.

The climbing image nudged elastic band (CI-NEB) method> ¢ was used to seek the



saddle points and minimum energy path. Eight images were inserted between
beginning and last geometry. Each image is relaxed until the force on each atom is

less than 0.02 eV/A.

Table S1. Comprehensive overview of carbon-based anode materials in SIBs.

Discharge rate (mA g! or

Electrode Reversible capacity (mA h g 1) ) Ref.
HsGY 600 100 This work
HsGY 510 200 This work
HsGY 460 500 This work
HsGY 430 1000 This work

HsGDY 360 1000 ref.!
N-CHTs 346 120 ref.’
NG 150 100 ref 8
PCG 400 50 ref.?
N-GF 594 500 ref.10
GDY 261 50 ref.!!
CNF 244 100 ref.!12
N-CNF 377 100 ref.13
HC 326 0.1C ref.14
Zn-PTCA 357 50 ref.1

HsGDY, hydrogen substituted graphdiyne; N-CHTs, N-carbon hollow tubules; NG,
natural graphite; PCG, porous carbon/graphene; N-GF, N-doped graphene foams;
CNF, carbon nanofiber; N-CNF, N-doped carbon nanofiber; HC, hard carbon; Zn-
PTCA, zinc perylenetetracarboxylates.
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