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Materials characterization.  

The X-Ray photoelectron spectrometer (XPS) was collected on VG Scientific ESCALab220i-

XL X-Ray photoelectron spectrometer, using Al Ka radiation as the excitation sources. The 

banding energies obtained in the XPS analysis were corrected with reference to C1s (284.8 eV). 

Raman spectra were recorded at room temperature using a Thermo Scientific DXRxi system 

with excitation from an Ar laser at 532 nm. Morphological information was obtained using field 

emission scanning electron microscopy (FESEM, HITACHI S-4800). The powder XRD studies 

were recorded on a Bruker AXS D advance powder diffractometer with Cu Ka (λ=0.15418 nm). 

The GDY films were transferred to a copper screen and then the samples were characterized 

using TEM and HRTEM using a Hitachi-2010 apparatus.  

Methods 

Synthesis of GDY films. Copper foil was washed with 4 M hydrochloric acid (HCl) (100 mL), 

sonicated for 3 min, washed with water and ethanol, sonicated for 3 min, washed twice with 

acetone, and dried under nitrogen (N2). Several (10) pieces of copper foil (2 x 2 cm
2
) and 

pyridine (50 mL) were charged in a three-neck flask; the mixture was heated at 120°C under N2 

for 1 h and then the temperature was decreased to 80°C. Hexakis[(trimethylsilyl)ethynyl]benzene 

(50 mg) was dissolved in tetrahydrofuran (THF) (50 mL) in an ice bath (ice and ammonium 

chloride) and purged with N2 for 30 min. 1 M tetra-n-butylammonium fluoride (TBAF) in THF 

(2.5 mL) was added under N2 and then the mixture was stirred for 15 min at this low temperature 

(generally, the solution should be purple; it is related to the quality of the TBAF solution). The 

reaction mixture was diluted with ethyl acetate, washed three times with saturated sodium 

chloride (NaCl), dried magnesium sulfate (MgSO4), and filtered. The solvent was evaporated 

under vacuum while maintaining the temperature below 30°C. The deprotected compound 

should be processed in dark, rapidly, and at low temperature. The residue was dissolved in 

pyridine (50 mL),transferred to a N2-protected constant addition funnel, and added drop wise 

into the mixture containing pyridine (50 mL) and the pieces of copper foil at 80°C; this addition 

process lasted for 8 h. The entire process, from deprotection to addition, should be continuous 
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and rapid to avoid contact with oxygen. After addition of the deprotected compound, the reaction 

mixture was maintained at 120°C for 3 days. Upon completion of the reaction, the pyridine was 

evaporated under reduced pressure. A black film was obtained on the copper foil. For purifying 

the GDY film, the pieces of copper foil were washed sequentially with acetone, hot (80°C) 

dimethylformamide (DMF) and ethanol. The copper foil covered GDY film was heated at 100 

°C in vacuum for 1h to get sample GDY films. The area density of GDY is about 0.24 mg/cm
2
. 

Synthesis of N-GDY films. The sample of GDY films were put into the tube furnace, then after 

passing the NH3 gas through for about 10 min, the furnace was heated to 300 °C over 60 min. 

After that, the furnace was further heated to 500°C over 100 min and maintained 6 h under NH3 

atmosphere to obtain the N-GDY films.  

Electrochemical measurements. The electrochemical experiments were performed in 2032 

coin-type cells. The GDY films grown on the copper foil were cut into pieces (0.5cm×0.6cm, 0.3 

cm
2
), dried in a vacuum oven at 120 °C for 4h, and then used as working electrodes without 

adding any binders. Pure Li foil was used as the counter electrode; it was separated from the 

working electrode by a Celgard 2500 polymeric separator. The electrolyte was 1 M LiPF6 in 

ethylene carbonate (EC)/dimethyl carbonate (DMC)/diethyl carbonate (DEC) (1:1:1, v/v/v) 

containing 5% (by volume) vinylene carbonate (VC). The cells were assembled in an argon-

filled glove box with the concentrations of moisture and oxygen at less than1ppm. The 

galvanostatic charge/discharge cycling performance was measured using a LAND battery testing 

system in the voltage range from 5 mV to 3 V vs Li/Li
+
. Cyclic voltammetry (CV) was 

performed using an IM6 electrochemical workstation between 5 mV and 3 V vs Li/Li
+
 at a scan 

rate of 0.2 mV/s. Electrochemical impedance spectroscopy (EIS) was performed over 

frequencies ranging from 100 kHz to 100 mHz. The capacity was calculated based on the mass 

of GDY or N-GDY.  
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Figure S1 SEM and EDS elemental mapping images of the GDY film. 
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Figure S2 SEM and EDS elemental mapping images of the N-GDY film. 
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Figure S3 Powder XRD analysis of the prepared GDY and N-GDY powder (Obtained from the 

film samples). 
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Figure S4 Differential curves of charge/discharge profiles of N-GDY electrodes under 500 

mA/g.  
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Figure S5 The initial charge/discharge profiles of (a) GDY and (b) N-GDY electrodes under 500 

mA/g. 
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Figure S6 Nyquist plots of GDY and N-GDY electrodes after 5 and 200 cycles under 500 mA/g. 

Samples GDY 

(5 cycles) 

N-GDY 

(5 cycles) 

N-GDY 

(200 cycles) 

GDY 

(200 cycles) 

Re (Ω) 4.95 4.01 1.49 2.53 

Rct (Ω) 50.64 38.34 34.50 82.84 

RSEI (Ω) 25.93 6.86 103.00 121.10 

Table S1 Kinetic parameters of GDY and N-GDY after 5 and 200 cycles under 500 mA/g. 

 

Figure S7 HRTEM images of GDY and N-GDY after battery cycling tests. 


