Mechanically Synthesized S@rGO Nanocomposites for Dye Photodegradation
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Figures and Tables

XRD Studies

Table S1 Estimated values of 2θ and interlayer spacing of reduced graphene sheet
	Sample name
	2θ(°) (hkl)
	Interlayer spacing, d (nm) 

	pristine rGO
	26.62 (002)
	0.335

	
	54.68 (004)
	0.168

	S@rGO-1
	26.54 (002)
	0.336

	
	54.66 (004)
	0.168

	S@rGO-2
	26.46 (002)
	0.337

	
	54.56 (004)
	0.168

	S@rGO-3
	26.51 (002)
	0.336

	
	54.62 (004)
	0.168

	S@rGO-4
	26.51 (002)
	0.336

	
	54.62 (004)
	0.168
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 Fig. S1 W-H Plot corresponds to the nanomaterials (a) rGO , (b) S@rGO-1, (c) S@rGO-2 , (d) S@rGO-3 , (e) S@rGO-4.
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Fig. S2 Column chart depicting crystallinity (in %) of nanocomposites – rGO, S@rGO-1, S@rGO-2 , S@rGO-3 and S@rGO-4

Table S2 Estimated lattice parameter values of nanocomposites

	Sample Name
	a (Å)
	c(Å)
	c/a
	Volume(Å3)

	rGO
	2.354
	6.689
	2.842
	32.100

	S@rGO-1
	2.353
	6.712
	2.853
	32.183

	S@rGO-2
	2.352
	6.729
	2.861
	32.237

	S@rGO-3
	2.352
	6.719
	2.857
	32.189

	S@rGO-4
	2.352
	6.719
	2.857
	32.189



Raman Studies
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Fig. S3 Detailed Raman spectra.

Table S3 Raman spectra analysis
	Sample name 
	ID/ IG 
	I2D/ IG

	rGO
	0.336
	1.875

	S@rGO-1
	0.039
	1.478

	S@rGO-2
	0.321
	0.909

	S@rGO-3
	0.045
	1.603

	S@rGO-4
	0.076
	1.632



FT-IR Studies
Table S4 Proposed characteristics of the vibrations as well as corresponding wave numbers related to transmittance peaks of (a) pristine sulfur (b) S@rGO-4, (c) S@rGO-3, (d) S@rGO-2, (e) S@rGO-1 and (f) pristine rGO
	Sr. No.
	Position of Bands (in cm-1)
	 Assignment of Bands

	1.
	568
	C-C=S vibrations [1]

	2.
	595
	to C-H [2].

	3.
	687
	Stretching of C-S bond [3]

	4.
	905
	Ring vibrations due to C-S bond [3]

	5.
	1016, 1017
	C-O-C Stretching (epoxy group) [4].

	6.
	1024
	C-O Stretching vibration [5].

	7.
	1030
	sp3 C-O Stretching[3]

	8.
	1114
	Stretching of C-S bond [3]

	9.
	1409
	C-H bending bands  [6,7]

	10.
	1527
	overlapping of triazenes and azo compounds [8]

	11.
	1530, 1550, 1533
	aromatic C=C group [9]

	12.
	1642, 1639, 1643,1648
	C=C Stretching vibration [10]

	13.
	1696
	Stretching vibration at C=O [11]

	14.
	2370
	CO2 bands [7].

	15.
	2935, 2925
	C-H Stretching vibration [10].

	16.
	3442
	O-H bond (hydroxyl group) of alcohols [4]

	17.
	3741, 3744
	O-H Stretching of water molecules[12]



EDX Studies
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Fig. S4 EDX spectra for (a) rGO, (b) S@rGO-1, (c) S@rGO-2, (d) S@rGO-3 and (e) S@rGO-4.

Table S5 EDX analysis of (a) S@rGO-1, (b) S@rGO-2, (c) S@rGO-3 and (d) S@rGO-4

	Element
	Weight%
	Atomic%
	Error%
	O: S
fraction
	O/ S 
(mole)
	C/ O
  (mole)
	C/ (O+S)
   (mole)

	(a) S@rGO-1
	10.25
	20.5
	31.05
	29.611

	C
	93.6
	95.5
	3.3
	
	
	
	

	O
	5.4
	4.1
	18.3
	
	
	
	

	S
	1
	0.4
	7
	
	
	
	

	(b) S@rGO-2
	5.81
	11.625
	12.774
	11.762

	
	
	
	
	

	C
	84.2
	89.1
	7.4
	
	
	
	

	O
	11.7
	9.3
	22.4
	
	
	
	

	S
	4.1
	1.6
	9.2
	
	
	
	

	(c) S@rGO-3
	0.9
	3.77
	76.392
	60.4031

	C
	95.4
	97.4
	4.5
	
	
	
	

	O
	2.2
	1.7
	30.4
	
	
	
	

	S
	2.3
	0.9
	4
	
	
	
	

	(d) S@rGO-4
	0.66
	1.33
	130
	74.285

	C
	94.9
	97.5
	5.8
	
	
	
	

	O
	1.3
	1
	49.3
	
	
	
	

	S
	3.8
	1.5
	3.7
	
	
	
	



UV-Vis Studies
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Fig. S5 Tauc Plot: (αhν)2 vs hν curves for (a) rGO, (b) S@rGO-1, (c) S@rGO-2, (d) S@rGO-3 and (e) S@rGO-4
Photocatalytic Studies
MB Dye
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[bookmark: _Hlk185576640]Fig. S6 Absorption spectra for (a) Blank MB (b) rGO (c) S@rGO-1 (d) S@rGO-2 (e) S@rGO-3 (f) S@rGO-4. Inset graph illustrates zoomed out view of absorption spectra in the wavelength range - 200 nm to 800 nm. 
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Fig. S7 (a)Concentration vs. Irradiation time (min) plot (b) ln(Co/ C) vs. Irradiation time (min) plot (c) (1/C) vs. Irradiation time (min) plot

Table S6 The values of the pseudo-zero, pseudo - first and pseudo -second-order rate constants, half-lives and the corresponding correlation coefficients for the photocatalytic degradation of MB.
	[bookmark: _Hlk185576932][bookmark: _Hlk152859915]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

	
	
	
	
	 (min)
	
	
	(0.693/k1)  (min)
	
	
	(1/k2Co)  (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.
	rGO
	-0.00362
	0.98887
	138.78
	0.0044 
	0.99337
	157.5
	0.00541
	0.99134
	183.95

	3.
	S@rGO-1
	-0.00564
	0.98458
	108.80
	0.00614
	0.99001
	112.87
	0.00684
	0.98069
	119.12

	4.
	S@rGO-2
	-0.00566
	0.98537
	108.94
	0.00637
	0.99106
	108.79
	0.00736
	0.97628
	110.17

	5.
	S@rGO-3
	-0.00722
	0.99728
	91.41
	0.00778
	0.98562
	89.07
	0.00868
	0.95566
	87.28

	6.
	S@rGO-4
	-0.00829
	0.99101
	82.71
	0.00921
	0.95119
	75.24
	0.01084
	0.87697
	67.27

	
	
	
	
	
	
	
	
	
	
	



Study of Methylene blue Degradation using FTIR
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Fig. S8 (a) FT-IR spectra of methylene blue solution before and after photodegradation using rGO catalyst at 0 min, 40 min and 90 min. (b) FT-IR spectra of methylene blue solution before and after photodegradation using S@rGO-2 catalyst at 0 min and 50 min.
In Figure S8 (a), the transmittance peak observed at 3338 cm-1 assigned to –OH hydroxyl groups [13]. The peak at 2923 cm-1 in Figure S8(a) and S8(b) are associated to vibration obtained from CH groups [14]. In Figure 8(a), peak at 1537 cm-1 and in Figure S8(b), peak at 1533 cm-1 is associated to C=C and C=N vibrations of methylene blue [15]. In Figure S8(a), the slight broadness of peak 3338 cm-1 suggests that OH vibrations or water molecules have ameliorated, which substantiates that slight degradation has occurred and water ions have generated. 

MO Dye
[bookmark: _Hlk185575048]
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[bookmark: _Hlk185577409]Fig. S9 Absorption spectra for (a) Blank MO (b) rGO (c) S@rGO-1 (d) S@rGO-2 (e) S@rGO-3 (f) S@rGO-4. 
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Fig. S10 (a) Concentration vs. Irradiation time (min) plot (b) ln(Co/ C) vs. Irradiation time (min) plot (c) (1/C) vs. Irradiation time (min) plot
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[bookmark: _Hlk185577546]Fig. S11 FT-IR spectra of methyl orange solution before and after photodegradation using S@rGO-2 catalyst at 0 min, 50 min and 80 min.
Methyl orange solution catalyzed using S@rGO-2 catalyst depicts minimal changes in FT-IR spectra, unveiling that degradation is very less (Fig. S11, Supplementary file).
[bookmark: _Hlk185577604]Table S7 The values of the pseudo-zero, pseudo - first and pseudo -second-order rate constants, half-lives and the corresponding correlation coefficients for the photocatalytic degradation of MO.

	[bookmark: _Hlk185577627][bookmark: _Hlk185577778]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

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

	
	
	
	
	 
	
	
	 
	
	
	 

	 
	 
 
 
	Zero Order

	First Order
 
	Second Order
 

	1.
	Blank MO
	-0.000139273
	0.99434
	1846.01
	0.00027489
	0.99473
	2521.01
	0.000542577
	0.99508
	3584.32

	2.
	rGO
	-0.000389636
	0.96037
	587.73
	0.00089831
	0.96515
	771.45
	0.00207
	0.96945
	1054.79

	3.
	S@rGO-1
	-0.000581818
	0.98314
	335.16
	0.00163
	0.98411
	425.15
	0.0046
	0.98326
	557.41

	4.
	S@rGO-2
	-0.000793545
	0.99184
	266.53
	0.00207
	0.98959
	334.78
	0.00543
	0.98605
	435.37

	5.
	S@rGO-3
	-0.00106
	0.99345
	215.85
	0.00265
	0.98916
	261.51
	0.00665
	0.98206
	328.62

	6.
	S@rGO-4
	-0.000730909
	0.98562
	219.11
	0.00262
	0.97960
	264.50
	0.00942
	0.96958
	331.43
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