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Figure S1. (a–g) HRTEM images of an interconnected NTGS powder sample, (h) HRTEM image of a single 

scroll, (i) SAED pattern of NTGS sample from the area shown in (g). 

For TEM sample preparation, first, powder samples are dispersed in alcohol followed by sonication 

to obtain highly dispersed samples. Then a small drop of the dispersed solution was deposited on to the 

commercially available carbon-coated copper grid. Then leave the grid for 15 min to dry in air. When the 

solvent is totally evaporated, the grid is fixed on the TEM sample holder for characterization. 



 

Figure S2. (a) Raman spectrum and fitted XPS spectra of (b) C1s, (c) N1s, (d) S2p GFNS powder sample. 

The inset of (a) shows the Raman spectra of NTGS sample in a different range of vibrational frequencies. 

The Raman analysis of NTGS powder, exhibiting a G peak at ∼1590 cm−1, a D peak at ∼1350 cm−1 

[1,2] as shown in Figure S2a. The Raman spectrum of the NTGS scrolls differs significantly from that of 

planar graphene. The E2g vibrational modes within aromatic carbon rings result in the formation of the G 

bands and is induced by a single resonance process, while the D band requires scattering at defect sites 

in order to conserve momentum [1,2]. Also the broadened D band in NTGS is due to the curvature-

induced defect scattering in the scroll structure [2]. Scroll related band is also observed in 920 cm−1, 

corresponds to the iTA phonons reported for graphite whiskers and CNTs [1,2]. The band at 1180 cm−1 is 

due to N–C stretching mode [1,2]. The peak at 1800 cm−1 is a combination of iTA and LO phonons and a 

peak around 2000 cm−1 is a combination of the oTO (out-of-plane tangential optical) and LO phonon 

mode around the K point in the Brillouin zone [1,2]. These modes are known as M band. oTO phonon of 

graphene at the Γ point in the two-dimensional Brillouin zone is not Raman active mode and is active in 

the present study due to the curvature induced scroll structure. Band observed at ~2280 cm−1 is a 

combination mode (combination of the iTO and iTA phonons) around the K point [1,2]. Thus Raman 

spectrum of NTGS powder clearly confirms the strong bonding between Carbon, Sulphur, and Nitrogen 

and side wall functionalization of the scroll structure. 

A typical C 1s XPS spectrum (Figure S2b) can be de convoluted into several peaks including C–C 

(∼284.5 eV), C–N (∼285.6 eV), CO/CS (∼286.6 eV), O–C–O (∼289.2 eV), and π-π* (∼290.4 eV) [3]. The C1s 

XPs spectrum clearly confirms the bonding between C, N and Sulphur. The high resolution of N1s 

scanning spectrum (FigureS2c) was deconvoluted into seven individual components such as 398.8 eV 

(pyridinic N), 399.2 eV, 399.7 eV (pyrrolic N), 400.3 eV, 400.9 eV (graphitic N), 401.2 eV pyridinic (N+–O−) 

and 401.6 eV (oxidized nitrogen) [4]. The binding energies at 399. 2 eV and 400.3 eV may be due to N–C–

S bonding [4]. Thus N1s spectrum clearly shows C–N bonding, which can produce lone pairs in the 

sample. S2p XPS spectrum (Figure S3d) can be de convoluted into several peaks including spin orbit 

doublets of S 2p3/2 and S 2p1/2. The two prominent peaks at 163.7 eV and 165.02 correspond to S 2p3/2 

and S 2p1/2 of the C–S–C covalent bond of thiophene–S caused by a spin-orbit coupling respectively [5]. 

Other peaks observed, corresponds to 163.03 (sulphide), 167.6 eV (thiosulphate), 168.5 eV (S–O), 169.4 eV 



(sulphate), 170.03 eV (SOx groups) [5]. S2p XPS spectra clearly confirms the strong chemical interaction 

of Sulphur with the carbon material. 

 

Figure S3. The GCD performance of the rGO cell at current densities 1.6 A/g and 1.4 A/g. 

The GCD performance of the rGO cell is shown in the Figure S3. 

 

Figure S4. IR drop in Galvanostatic charge-discharge curve at a current density of 0.25 A/g. 

 

Figure S5. He-1 UPS spectra for the NTGS and rGO samples. 



The fitted UPS spectra peaks and their corresponding assignments are shown in Table S1. 

Table S1. The fitted UPS spectra peaks of rGO and NTGS powder samples and their corresponding assignments. 

 

Figure S6. Electrochemical impedance spectra of GO and NTGS powder samples. 
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sample 2p(eV) 2p (eV) C2s-C2p (eV) C2p-3p eV) C2p-S3s (eV) C2p-2p (eV) 2s (eV) Ref. 

rGO 5.4 7.3 9.87 -   14.3 [6] 

NTGS 5.46 6.97 
8.6 (N lone 

pair also) 
10.5 11.8 13.7 14.64 [6] 


