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Fig. S1. Flow chart showing synthesis of sulfur and GNPs composites.
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[bookmark: _Hlk194367633]Fig. S2. WH Plot corresponds to the samples - (a) GNPs, (b) Pristine Sulfur, (c) SG-18, (d) SG-16, (e) SG-14 and (f) SG-12.
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[bookmark: _Hlk194367661]Fig. S3. EDX analysis of (a) SG-12, (b) SG-14, (c) SG-16, (d) SG-18 composites (e) elemental sulfur and (f) GNPs.
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[bookmark: _Hlk194367671]Fig. S4. Absorption spectra for (a) Blank MB (b) pristine GNPs (c) SG-12 (d) SG-14 (e) SG-16 (f) SG-18. Inset graph illustrates zoomed out view of absorption spectra in the wavelength range - 200 nm to 800 nm. 
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[bookmark: _Hlk194367682]Fig. S5. Absorption spectra for (a) Blank MO (b) GNPs (c) SG-12 (d) SG-14 (e) SG-16 (f) SG-18. 





[bookmark: _Hlk194367733]Table S1. The values of the pseudo-zero, pseudo - first and pseudo -second-order rate constants, half-life times and the corresponding correlation coefficients for the photocatalytic degradation of Blank MB, GNPs, SG-12, SG-14, SG-16 and SG-18.
	
Sr. No.
	Sample Name
	Rate constant (k0) (M min-1)
	R2 
	Half 
	Rate constant (k1) (min-1)
	R2
	Half
	Rate constant (k2) (M-1 min-1)
	R2
	Half

	
	
	
	
	Life (Co/2k0)
	
	
	Life
	
	
	Life

	
	
	
	
	 (in min)
	
	
	(0.693/k1)  (in min)
	
	
	(1/k2Co)    (in min)

	
	
	
	
	 
	
	
	 
	
	
	 

	 
	 
 
 
	Zero Order

	First Order
 
	Second Order
 

	1.
	Blank MB
	0.00178
	0.96968
	145.17
	0.00418
	0.97713
	165.55
	0.00989
	0.98068
	195.65

	2.
	GNPs
	0.00407
	0.98518
	138.50
	0.00455
	0.98317
	152.31
	0.00517
	0.96863
	171.57

	3.
	SG-12
	0.00379
	0.99301
	119.22
	0.00534
	0.98621
	129.78
	0.00765
	0.96645
	144.65

	4.
	SG-14
	0.0042
	0.96515
	108.29
	0.00606
	0.93841
	114.36
	0.00894
	0.90403
	122.97

	5.
	SG-16
	0.00247
	0.99575
	100.99
	0.00668
	0.988
	103.74
	0.01859
	0.96510
	107.82

	6.
	SG-18
	0.0055
	0.99386
	98.38
	0.00701
	0.97827
	98.86
	0.00923
	0.93620
	99.56




[bookmark: _Hlk194367743]Table S2. The values of the pseudo-zero, pseudo - first and pseudo -second-order rate constants, half-life times and the corresponding correlation coefficients for the photocatalytic degradation of Blank MO, GNPs, SG-12, SG-14, SG-16 and SG-18.
	Sr. No.
	Sample Name
	Rate constant (k0) (M min-1)
	R2 
	Half 
	Rate constant (k1) (min-1)
	R2
	Half
	Rate constant (k2) (M-1 min-1)
	R2
	Half

	
	
	
	
	Life (Co/2k0)
	
	
	Life
	
	
	Life

	
	
	
	
	 (in min)
	
	
	(0.693/k1)  (in min)
	
	
	(1/k2Co)  (in min)

	
	
	
	
	 
	
	
	 
	
	
	 

	 
	 
 
 
	Zero Order

	First Order
 
	Second Order
 

	1.
	Blank MB
	0.00013927
	0.99434
	1846.05
	0.000275 
	0.99473
	2566.67
	0.000542577
	0.99508
	3584.32

	2.
	GNPs
	0.000400818
	0.98587
	683.35
	0.000761
	0.98733
	911.84
	0.00145
	0.98858
	1258.95

	3.
	SG-12
	0.000438818
	0.96529
	587.26
	0.000892
	0.96895
	776.91
	0.00181
	0.97234
	1071.96

	4.
	SG-14
	0.000568364
	0.96935
	286.53
	0.00195
	0.96984
	355.38
	0.00669
	0.96774
	459.22

	5.
	SG-16
	0.000776
	0.97819
	282.02
	0.00197
	0.97272
	351.78
	0.005
	0.96476
	456.93

	6.
	SG-18
	0.000925
	0.98211
	234.43
	0.00241
	0.97762
	287.55
	0.00633
	0.97056
	364.26

	
	
	
	
	
	
	
	
	
	
	



Photocatalytic results for Methylene blue dye
[image: ]
[bookmark: _Hlk194367761]Fig. S6. (a) FTIR spectra of methylene blue solution before and after photodegradation using SG-12 catalyst at 0 min, 50 min and 100 min. (b) FTIR spectra of methylene blue solution before and after photodegradation using SG-16 catalyst at 0 min, 50 min and 100 min.
Fourier transform infrared spectroscopy technique (FTIR) is utilized to probe transformations in methylene blue solution and degraded methylene blue dye solution. Fig. S6 (a) illustrated the FTIR spectra of methylene blue solution before and after photodegradation using SG-12 catalyst at 0 min, 50 min and 100 min. The FTIR band at 2935 cm-1 (Fig. S6 (a)) and 2923 cm-1 (Fig. S6(b)) is on account of assigned to the vibrations of the CH groups of the heterocycle [1]. The prominent peak at 1540 cm-1 is attributed to the C=C and C=N vibrations of methylene blue (Fig. S6 (a-b))[2]. Fig. S6 (b) illustrated FTIR spectra of methylene blue solution before and after photodegradation using SG-16 catalyst at 0 min, 50 min and 100 min. The transmittance observed at 3742 cm-1 (shifted to higher frequency region) is on account of main chromophore undergoes degradation to synthesize H-OH [3].

Photocatalytic results for Methyl orange dye

[image: A graph of a waveform
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[bookmark: _Hlk194367770]Fig. S7. (a) FTIR spectra of methyl orange solution before and after photodegradation using SG-12 catalyst at 0 min, 40 min and 90 min. (b) FTIR spectra of methyl orange solution before and after photodegradation using SG-18 catalyst at 0 min, 40 min and 90 min.
The maximal absorbance wavelength for methyl orange dye is 465 nm [4]. It is ardent from Fig. S7 (a-f) that degradation of methyl orange dye is hard [5]. The degree of degradation is greater in the order of graphene oxide content (Table S2, Fig. S7 (a-d)). The surface and contour plots have depicted statistically, that lower band and increased weight ratio, substantiates the increased efficiency (Fig. S7). Fig. S7 illustrates the analysis of degraded methyl orange dye solution. The peaks at 2924 and 2926 cm-1 is associated to asymmetric -CH3 stretching band [6], 1600-1400 cm-1 is ascribed to aromatic C=C bonding [7]. 3740 cm-1 is ascribed to O-H stretching (alcohol group)[8].


[image: A graph of different colors and numbers
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[bookmark: _Hlk194369165]Fig. S8. Reusability plots for SG-18 (a) methylene blue dye (b) methyl orange dye.
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image1.png
GNPs were prepared using mechanochemical reactions between
graphite and potassium perchlorate (KClO,) in deionized water

Planetary Ball Mill Retsch PM100 was operated at 300 rpm for 12
hours

Two vessels were used. In each, 4.00 g of Graphite powder was
mixed with 6.04 g of potassium perchlorate (KClO,) and 20.0 mL of|
deionized water and 10 balls were used in each vessel

Mechanochemical reactions were carried out for 12 hours.

Suspension was washed with DI water and centrifuged for several
times to remove excessive KClO, and products of its reduction

After final centrifugation the GNPs were dried in vacuum at room
temperature.

The obtained GNPs powder mixed with sulfur in various ratios
further by ball milling method.
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