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Characterization of GDY

The as-prepared samples is characterized by field emission scanning electron 

microscopy FESEM (Hitachi S-4800, FESEM) and transmission electron microscopy 

(JEM-2100F, TEM) for their morphology information without further treatments. 

Raman spectra is obtained using an NT-MDT NTEGRA Spectra system with the 

excitation from an Ar laser at 473 nm. All solid state 13C-NMR analyses of GDY were 

performed in Bruker Avance AV III 400. The X-ray photoelectron spectroscopic (XPS) 

is recorded on ESCALab250Xi for analyzing the elementary information. 

Electrochemical testing

For the Li/Na-ion anode tests, the slurry containing GDY (80%), super P (10%), 

and PVDF (10%) in 1-methyl-2-pyrrolidone (NMP) is uniformly coated on the cupper 

foil by doctor blade with the area loading of 1.5 mg/cm2. After then, it is dried at 120 

C in a vacuum oven overnight. The as-prepared electrode is cut into small round pieces 

with the diameter of 1 centimeter. For the lithium-ion anode application, the electrolyte 

is 1 M LiPF6 in ethylene carbonate and dimethyl carbonate (EC: DMC, 1:1 in volume), 

the separator is Celgard 2300 membrane, and lithium foil is used as counter electrode. 
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For the sodium-ion anode application, the electrolyte is 1 M NaClO4 in propylene 

carbonate, the glass fiber is used as the separator, and the sodium foil is used as counter 

electrode. The cyclic voltammetry (CV) curves at different rate and electrochemical 

impedance spectra (EIS) are recorded by the CHI 660 D, and EIS is tested using a 

sinusoidal signal with amplitude of 10 mV over a frequency range from 100 000 to 0.1 

Hz. Galvanostatic charge/discharge curves and long-time stability are both recorded in 

the LAND battery testing system.

The metal ion diffusion coefficient is obtained from the following equation:

𝐼𝑝= 2.69 × 10
5𝑛3/2𝐴𝐷1/2𝐿𝑖 𝑣

1/2𝐶0

in which I p is the peak current intensity, n is the electron transfer number per ion, A is 

the surface area, D Li is the diffusion coefficient of active ion, v is the scanning rate, C0 

is the maximum Li ion concentration in the GDY materials.

Table S1. The conditions of prevailing carbon preparation

Materials Production Condition Ref.
Carbon Nanotube Higher than 800 C in 

inert atmosphere
1

Graphene Higher than 1000 C in 
inert atmosphere 

2,3

Fullerence Arc Discharge in inert 
atmosphere

4

Carbon Nitride Higher than 450 C in 
inert atmosphere

5

Amorphous Carbon Higher than 800 C in 
inert atmosphere

6

Diamond 1100 -3700 C high 
pressure in inert 

atmosphere

7,8

Carbon Fiber Higher than 700 C 9

Porous carbon Higher than 600C in 
inert atmosphere

10

Pyrolytic Carbon Higher than 700 C in 
inert atmosphere

11

Onion Carbon Higher than 1100 C in 
inert atmosphere

12,13



This work 120 C in air

Figure S1.a) fabrication conditions of the prevailing all carbons reported (listed in Table 

S1); b) photo of large-scale GDY nanochain (3 gram); c) TG and DTG curves of HEB 

and d) the stability of the as-prepared GDY nanoribbon and nanochain.



Figure S2. SEM images of GDY nanostructures. a), b) GDY ribbon under different 
magnification; c), d) 3D framework of GDY under different magnifications; e), f) 

GDY nanochains under different magnifications.

Figure S3. SEM of precursor HEB.



Figure S4. a) N2 absorption/desorption curves and b) the pore size distribution of 2D 

nanoribbon, 3D framework, and 1D nanochain.

Figure S5. The XRD curves of as-prepared GDY samples.

Figure S6. I-V curves of GDY electrode based on the nanochain.



Figure S7. Long-term Stability of GDY nanoribbon and 3D framework.

Figure S8. a) The charge/discharge curves of GDY nanochain at 50 mA/g after 500 
cycles at a high rate testing in the lithium ion storage; b) the EIS change before and 
after cycling are illustrated.

Figure S9. First charge-discharge curves of a) nanoribbon and b) 3D framework at 50 
mA/g in the application of sodium-ion storage.



Figure S10. The long-term stability of a) 2D nanoribbon and b) 3D framework in the 
application of sodium-ion battery anode.

Figure S11. Structural stability of 2D nanoribbon (a, and b), 3D framework (c, and d) 
and 1D nanochain (e, and f).



Figure S12. CV curves at different scanning rate of the GDY nanochain for storing a) 
Li-ion and b) Na-ion.
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