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Table S1 Comparison of MG adsorption on ZIS-3 with other reported materials. 

S. 

No. 

Adsorbent pH Qm (mg.g
-1

) Reference 

01 CO2 -activated porous carbon 

 

Undefined 284 1 

02 r-GO 

 

3.7 476.2 2 

03 Chitosan beads 7 360 3 

04 Si-POPs 6 757 4 

05 Fe-Cu based adsorbent 6.58 1399 5 

06. Fe3O4@MgSi 4.8 125.15 6 

07 TiO2/γCD NPs Undefined 244 7 

08 Ternary Mg/(Al + Fe) 

Layered Double Hydroxides 
4 1072.82 8 

09 Magnetic phosphate nanocomposites 5 192.31  9  

10 AgOH‐AC nanoparticles 8 57.13 10 

11 MgO/Fe3O4 nanoparticles 

 

6 4031.96 11 

12 PAC/graphene nanocomposite 

 

Undefined 1862.6 12 

13 ZnIn2S4 NS 4.3 1525 This work 

 

 

 

 



 

 
Table S2 Comparison of Cr2O7

2-
 adsorption on ZIS-3 with other reported materials. 

S. 

No. 

Adsorbent pH Qm (mg.g
-1

) Reference 

01 Fe3O4 microspheres undefined 68.7 13 

02 Magnetic carbon nanocomposite 7 3.74 14 

03. TiO2 microspheres 2 ~6.80 15 

04 Bt/Bc/α-Fe2O3 nanoparticles undefined 81.7 16 

05 NH2-GO/ZnO-ZnFe2O4 nanomaterials 4 109.89 17 

06 Fe/C composites 5 107 18 

07 Fe3O4-FeB nanocomposite 6.3 38.9 19 

08 MnO2 5.9 0.89 20 

09 NiO nanoparticles undefined 4.73 21 

10 Zr(IV)-MOF, BUT-39 3 212 22 

11 CON-LDU2 Undefined 325 23 

12 CS-IL conjugation 7 91.2 24 

13 ZnIn2S4 NS 7 313 This work 

 

 

 

 



 

 
Table. S3 Reaction condition for preparation of ZnIn2S4 NS 

 

 

 

 

 

 

 

 

 

 

Fig. S1 P-XRD pattern of standard cubic and rhombohedral ZnIn2S4 (a), P-XRD of ZIS-3 with 

standard hexagonal ZnIn2S4 (b) and reused ZIS-3 (c). 

 

S. 

No. 

 

Sample 

Name 

 

Sulfur 

source  

(5 mmol) 

 

Soft-template 

(Surfactant) 

 

Temp & 

Time 

(min) 

mmol 

In(OAc)3 Zn(OAc)2.2H2O 

1. ZIS-1  

 

 Thiourea 

Glycerol  

 

150
°
C, 180 

 

 

 

1 

 

 

 

1 3. ZIS-2 PEG-200 

4. ZIS-3 PEG-PPG-

PEG 

10 20 30 40 50 60 70 80

(116)
(022)

(110)

(102)

(006)

JCPDF No.: 065-2023

 

 

In
te

n
si

ty
 (

a
.u

.)

2 theta (degree)

ZIS-3

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

2 theta (degree)

Hexagonal ZnIn
2
S

4

JCPDF No.: 065-2023  In
te

n
si

ty
 (

a
.u

.)

 

 

 Reused ZIS-3

(a) (b) 

(c) 



 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. S2 XPS spectra; C1s spectra of ZIS-1 (a), C1s spectra (b), survey spectra (c), core-level 

In3d spectra (d), core-level Zn 2p spectra (e), core-level S2p spectra (f), of  reused ZIS-3 and  

far-IR spectra of ZIS-3 (g). 
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Fig. S3 FE-SEM micrograph: SE2 mode at 100K magnification (a), InLens mode at 100K 

magnification (b), InLens mode at 200K magnification (c) of ZIS-1; InLens mode at 100K inset 

with SE2 mode at 200K magnification (d) of ZIS-2; SE2 mode at 100K magnification (e), 

InLens mode at 50.52K magnification (f) of ZIS-3; TEM micrograph of ZIS-3 (g-i). 

 

Fig. S4 EDS line spectra of ZIS-1 (a) and ZIS-2 (b). 
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Fig. S5 AFM topography of the ZIS-1 (a), ZIS-2 (b) and ZIS-3 (c). 
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Fig. S6 Thickness profile curve of the ZIS-1 (a), ZIS-2 (b) and ZIS-3 (c). 
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Fig. S7 Fitted Langmuir adsorption isotherm model of ZIS-1 (a), ZIS-2 (b), ZIS-3 (c) for MG 

adsorption and ZIS-1 (d), ZIS-2 (e), ZIS-3 (f) for the adsorption of Cr2O7
2-.
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Fig. S8 Fitted Freundlich adsorption isotherm model of ZIS-1 (a), ZIS-2 (b), ZIS-3 (c) for the 

MG adsorption and ZIS-1 (d), ZIS-2 (e), ZIS-3 (f) for the adsorption of Cr2O7
2-.
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Table S4 Separation factor (RL) of MG adsorption on ZnIn2S4 NS. 

   

Adsorbent 

RL 

MG concentration (mg.L
-1

) 

200 500 1000 1500 2000 

ZIS-1 0.5013 0.2868 0.1674 0.1182 0.0913 

ZIS-2 0.3959 0.2077 0.1159 0.0803 0.0615 

ZIS-3 0.7542 0.5511 0.3803 0.2904 0.2348 

 

Table S5 Separation factor (RL) of Cr2O7
2-

 adsorption on ZnIn2S4 NS. 

   

Adsorbent 

RL 

Cr2O7
2-

 concentration (mg.L
-1

) 

100 200 500 800 1000 

ZIS-1 0.5824 0.4108 0.2181 0.1484 0.1224 

ZIS-2 0.4388 0.2811 0.1352 0.0890 0.0725 

ZIS-3 0.7713 0.6017 0.3767 0.2742 0.2321 

 

 

 

 

 

 



 

 
 

 

 

Table S6 Kinetic parameters of the adsorption of MG dyes on ZnIn2S4 NS 

Pseudo-first-order model   Pseudo-second-order model 

Adsorbent Conc. 

(mg.L
-1

) 

qe,exp 

(mg.g
-1

) 

K1 qe,cal 

(mg.g
-1

) 

R
2
 K2 qe,cal 

(mg.g
-1

) 

R
2 

 

ZIS-1 

50 17.89 0.0068 12.14 0.9477 0.0028 17.42 0.9806 

100 30.15 0.0071 19.55 0.7888 0.0017 28.92 0.9633 

 

ZIS-2 

 

50 49.73 0.0123 41.83 0.9403 0.0007 51.57 0.9701 

100 60.39 0.0096 39.76 0.9303 0.0011 60.31 0.9913 

 

ZIS-3 

50 74.99 0.0656 8.09 0.7664 0.0505 75 1 

100 124.65 0.0114 43.62 0.8477 0.0014 125 0.9988 

 

 

 

 

 

 

 

 



 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. S9 Fitted pseudo-first order kinetic rate model of MG 20 mg/L (a), MG 50 mg/L (b), MG 

100 mg/L (c) and fitted pseudo-second order kinetic rate model of MG 20 mg/L (d), MG 50 

mg/L (e), MG 100 mg/L (f) in the presence of ZIS-1.  
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Fig. S10 Fitted pseudo-first order kinetic rate model of MG 20 mg/L (a), MG 50 mg/L (b), MG 

100 mg/L (c) and fitted pseudo-second order kinetic rate model of MG 20 mg/L (d), MG 50 

mg/L (e), MG 100 mg/L (f) in the presence of ZIS-2.  
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Fig. S11 Fitted pseudo-first order kinetic rate model of MG 20 mg/L (a), MG 50 mg/L (b), MG 

100 mg/L (c) and fitted pseudo-second order kinetic rate model of MG 20 mg/L (d), MG 50 

mg/L (e), MG 100 mg/L (f) in the presence of ZIS-3.  
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Fig. S12 Fitted pseudo-first order kinetic rate model of ZIS-1 (a), ZIS-2 (b), ZIS-3 (c) and fitted 

pseudo-first order kinetic rate model of ZIS-1 (d), ZIS-2 (e), ZIS-3 (f)using 20 mg.L
-1

 solution of 

Cr2O7
2-

. 
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 Fig. S13 Effect of contact time on the adsorption of MG using  ZIS-1 (a), ZIS-2 (b), and ZIS-3 

(c) at the solution concentration of 50 mg.L
-1

 and 100 mg.L
-1

. 
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Fig. S14 UV-Vis spectra of adsorption of MG at 20 mg/L (a), 50 mg/L (b), 100 mg/L (c) using 

ZIS-1 and MG adsorption at 20 mg/L (d), 50 mg/L (e), 100 mg/L (f) using ZIS-2. 
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Fig. S15 UV-Vis spectra of adsorption of MG at 20 mg/L (a), 50 mg/L (b), 100 mg/L (c) using 

ZIS-3 and Cr2O7
2-

 adsorption using ZIS-1 (d), ZIS-2 (e) and ZIS-3 (f) at 20 mg/L solution. 
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Fig. S16 UV-Vis spectra of adsorption of MG at 5 mg/L (a) and 2 mg/L (b) using ZIS-3 

 

 

 

 

 

 

 

 

Fig. S17 UV-Vis spectra of adsorption of Cr2O7
2-

 at 5 mg/L (a) 2 mg/L (b) using ZIS-3. 
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Fig. S18 UV-Vis spectra of adsorption of Cr2O7
2- 

at 1 mg/L (a), 2 mg/L (b) and 5 mg/L of 

solution concentration using ZIS-1. 
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Fig. S19 UV-Vis spectra of MG (50 mg/L) adsorption at pH 2 (a), pH 5 (b), pH 7 (c), pH 9 (d) 

and initial absorbance of MG at pH 12 and pH 4.3 (e) after adsorption at pH 12 (f) using ZIS-3. 
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Fig. S20 Three form malachite green dye at different pH; malachite green ion (MG
+
), Malachite 

green carbinol (MG-OH) and Protonated MG
+
 (MG

2+
). 

 

 

Fig. S21 FE-SEM micrograph of ZIS-3: (a-b) after MG adsorption, (c-d) after Cr2O7
2-

 

adsorption; EDS line mapping of ZIS-3: (e) after MG adsorption, (f) after Cr2O7
2-

 adsorption. 
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Fig. S22 XPS spectra of ZIS-3 after Cr2O7
2-

 adsorption; survey spectra (a), core-level S 2p 

spectra (b), core-level In3d spectra (c), core-level O1s spectra (d) and core-level C 1s spectra (e). 
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