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e Supporting Figures
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Figure S1. OM image and size distributions of commercial NaCl powder and
recrystallized NaCl powder.
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Figure S2. Schematic illustration of PECVD synthesis of NG directly on NaCl.
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Figure S3. Experimental parameter setup for salt-templated PECVD growth of NG.
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Pristine NaCl NaCI@NG
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Figure S4. Photograph showing wheat-colored as-received (top) and recrystallized
(bottom) NaCl powders and black-colored, NG-coated NaCl powders after PECVD
process.
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Figure S5. Raman spectra of commercial and recrystallized NaCl powders after CVD
growth (growth condition: 700 °C, 200 sccm Ar, 60 sccm H,, 80 W with a controlled
pyridine vapor flow for 120 min).
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Figure S6. Raman statistics of Ip/lg and I,p/l ratios on NaCl@NG powder (growth

condition: 700 °C, 200 sccm Ar, 60 sccm H,, 80 W with a controlled pyridine vapor
flow for 120 min).
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Figure S7. (a) Raman spectra of NG grown at 600, 650, and 700 °C for 60 min,
respectively. (b) Raman spectra of NG grown at 700 °C for 30-120 min. Note that the

other growth parameters were kept identical.
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Figure S8. Raman spectra of obtained NG and NaCl@NG products, indicating that
using water to remove the NaCl templates showed a slight influence on the product
quality of NG (growth condition: 700 °C, 200 sccm Ar, 60 sccm H,, 80 W with a
controlled pyridine vapor flow for 120 min).
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Figure S9. Comparison of sheet resistance mapping results between RGO and NG.
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Figure S10. SEM images of NaCl powders (before CVD growth) and NaClI@NG (after
growth).
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Figure S11. TEM images of as-grown NaCl@NG, showing the perfect wrapping of
thin graphitic layers on cubic NaCl crystal.
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Figure S12. SEM images of NG cages.
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Figure S13. TEM images of NG cages.
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Figure S14. Representative AFM images of NG nanosheets deposited onto SiO,/Si
substrates for measurement.
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Figure S15. Sheet resistance mapping of NG-based composite ink. The ink film was
printed on a flat glass substrate, followed by a GO reduction process. The average value
of sheet resistance is ca. 480 Q sq !, suggesting favorable electrical conductivity of
such composite ink.
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Figure S16. OM image showing the fine structure of printed patterns.

S17



[=1]
o

, 0-8 | —1.5mA CT-Z
&40 —10mVs" ——3mAcm
e | , ——20mvs’ —6mAcm?
) ——40mvs’ —~0.6} 12 A i
< 20 ——60mVs’ 2,
£ . ——80mVs’ =
~ ot ——100mVs" :g 04r
c  —200mvs'| S
@ —omvs'| £
- — - O 0.2}
5-201 | / ——400mV s™ a Y
(&) - o ——500mV s™
40} 0.0
00 02 04 06 08 1.0 1.2 0 20 40 60 80 100
Potential (V) Time (s)

Figure S17. CV profiles of bare VN with different scan rates of 10-500 mV s™'. (b)
Galvanostatic charge-discharge curves of bare VN electrodes at various current
densities of 1.5-12 mA cm™2.
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Figure S18. The configuration of nitrogen doping graphene (from left to right: Np,-G,
Np~G and Ng-G). Carbon and nitrogen atom is in grey and blue color, respectively.
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Figure S19. Calculated adsorption configurations and binding energies of polysulfides
on the pyridinic-, pyrrolic-, graphitic-nitrogen doping graphene and pristine graphene
(Npy-G, Np-G, Ng-G and P-G). Carbon, nitrogen, lithium and sulfur atom is in grey,
blue, purple and yellow color, respectively.
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e Supporting Notes

Notes to Figure 1c:

Evaluation symbol: environmental friendliness (E), quality (Q), cost aspect (C),
scalability (S), and purity (P).

RGO: The production process is normally involved with hazardous materials such as
acid and KMnQO,, which is not environmentally friendly. The obtained RGO is of low
quality because of the presence of extrinsic defects (O and H-containing groups) and of
low purity. Nevertheless, this production method allows the employment of bulk
quantities with high yield, which would be scalable. Owing to the combination of low-
cost precursor and high-cost processing/cleansing fee, the cost aspect for RGO is at a
mediocre level.!?

LPEG: In liquid-phase exfoliation, graphite particles are first dispersed in a solvent to
reduce the strength of the van der Waals attraction between the graphene layers.
Afterwards, an external driving force such as ultrasonication, electric field or shearing
is used to induce the exfoliation of graphite into good quality graphene sheets. Even
though the use of large amount of organic solvent would pose a negative impact on the
environmental benignancy of production, this material is normally of high scalability
and marginal costs.>*

CVD derived G on silica: In CVD grown graphene on silica powder, graphene has a
high crystallinity with ordered sp? carbon structure, which benefits from the high-
temperature (>1000 °C) synthesis. Graphene flakes can be obtained via the HF etching
of silica template, followed by washing and drying. It is noted that the such wet-
chemical etching process is inevitably involved to remove the substrates, which is
tedious and environmentally unfriendly. The production route also makes it difficult to
meet the demand for graphene production in a scalable manner.*-

CVD grown graphene on NaCl: The PECVD process gives rise to relatively low quality
of graphene as compared to the graphene directly grown on silica. But the NaCl
template can be easily removed by dissolving in water without any contamination. This
low-temperature synthesis might offer a facile way for manufacturing NG on a large
scale.
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