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Supporting Information

Text S1. Materials used

Ammonium heptamolybdate tetrahydrate ((NH4)6Mo7O24.4H2O), and methylene blue (MB) 

were obtained from Merck Specialities Pvt. Ltd and thiourea (CH4N2S) from Himedia 

Chemicals. Carbon black, poly(vinylidene fluoride) (PVDF), N-methyl pyrrolidone (NMP), 

ciprofloxacin (CIP) and tetracycline (TC) from Sigma Aldrich. All the reagents used in the 

synthesis were analytically pure and used without further purification.

Text S2. Materials characterization

FT-IR spectra were used to identify the functional groups in MoS2 samples, recorded on a 

PerkinElmer 400 Spectrometer in the 4000-400 cm−1 range. The crystal structures were studied 

using a Rigaku Mini Flex 600 powder X-ray diffractometer with monochromatic Cu Kα (λ = 

0.154 nm) radiation. Raman spectra of the samples were obtained from a WITEC ALPHA300 

RA - Confocal Raman Microscope with a 532 nm DPSS laser as the excitation laser. The 

morphology and microstructure of the samples were determined using an FE-SEM (MAIA3 

XMH model microscope) and an HR-TEM (JEOL JEM-2100 microscope) instrument. The 

samples' chemical states and surface chemistry were investigated through XPS analysis 

(Omicron Nanotechnology XPS was equipped with a DR400 X-ray source). The UV-visible 

diffuse reflectance spectrum (UV-DRS) samples were obtained from a Shimadzu UV-2600 

UV-visible spectrophotometer. Photoluminescence (PL) spectra were obtained using a 

PerkinElmer Fluorescence Spectrometer FL 8500. EPR analyses were carried out at room 

temperature using a Bruker EMX MICRO X spectrometer. The specific surface area was 

measured using Nova Touch L×2 by a Quantachrome analyzer.  

Text S3. Electrochemical characterizations

The electrochemical activity of the samples was analyzed using a Biologic SP 200 

electrochemical workstation using a three-electrode system. Platinum wire and Ag/AgCl are 

the counter and reference electrodes, respectively. For working electrode preparation, an 8:1:1 

ratio of photocatalyst, carbon black, and PVDF in NMP was prepared and coated onto an FTO 

glass plate, approximately over an area of 1.0 × 1.0 cm². Then, the FTO glass sheet was dried 
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at 60°C for 6 hours. Electrochemical impedance spectroscopy (EIS) and Mott-Schottky (MS) 

analysis were studied in 0.5 M H2SO4. The applied potential is converted to the reversible 

hydrogen electrode (RHE) by Eq. 1.
𝑉𝑅𝐻𝐸 =  𝑉 𝐴𝑔

𝐴𝑔𝐶𝑙

 + 0.059 × 𝑝𝐻 +  𝑉 0
𝐴𝑔/𝐴𝑔𝐶𝑙            (1)

Where   denotes the converted potential vs. RHE,  is the measured potential w.r.t. 𝑉𝑅𝐻𝐸 𝑉𝐴𝑔/𝐴𝑔𝐶𝑙

the Ag/AgCl electrode, and  = 0.1976 at 250C.𝑉 0
𝐴𝑔/𝐴𝑔𝐶𝑙 

Text S4. Computational details 

Density functional theory (DFT) calculations were performed using Gaussian 16.C.01.1 to 

investigate the structural stability, electronic properties, and pollutant adsorption behavior of 

few-layer MoS₂. Cluster models representing 1-5 layers of MoS₂ were constructed by 

truncating the hexagonal 2H-MoS₂ lattice while preserving the local coordination geometry 

around Mo and S atoms. All structures were analyzed using the B3LYP-D3(BJ) functional to 

account for long-range dispersion interactions, which are essential for layered materials. The 

LANL2DZ effective core potential and basis set were applied to molybdenum atoms, while the 

6-311+G(d,p) basis set was used for sulphur, oxygen, carbon, nitrogen, fluorine, and hydrogen 

atoms. 

Cohesive energy was employed as it encapsulates the stability acquired when monolayers 

assemble into few-layer MoS₂, thereby directly reflecting the layer-dependent photocatalytic 

behavior, rather than formation energy, which pertains to elemental processes rather than 

interlayer interactions.2 To quantify stacking stability, the cohesive energy per layer 

 for an n-layer cluster, the computation was performed using Eq. 2.(𝐸𝑐𝑜ℎ(𝑛))

                 (2) 
𝐸𝑐𝑜ℎ(𝑛) =

𝑛𝐸1 ‒ 𝐸𝑛

𝑛

where are the total electronic energies of the monolayer and n-layer cluster, 𝐸1 𝑎𝑛𝑑 𝐸𝑛 

respectively.

The adsorption of TC and CIP on monolayer MoS₂ was evaluated by building antibiotic-MoS₂ 

composite models with the antibiotic molecules placed in their lowest-energy orientations 

above the MoS₂ basal plane. Adsorption energies were calculated by Eq.3.

𝐸𝑎𝑑𝑠 = 𝐸𝑀𝑜𝑆₂ + 𝑎𝑛𝑡𝑖𝑏𝑖𝑜𝑡𝑖𝑐 ‒ (𝐸𝑀𝑜𝑆2
+ 𝐸𝑎𝑛𝑡𝑖𝑏𝑖𝑜𝑡𝑖𝑐)              (3)

where negative values indicate favourable adsorption.
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Fig. S1. W-H plots of MoS2 samples.

Molecular electrostatic potential (MESP) maps were generated to illustrate regions of electron 

richness and electron deficiency pertinent to photocatalytic reactivity. Frontier molecular 

orbital (FMO) energies, including the highest occupied molecular orbital (HOMO) and the 

lowest unoccupied molecular orbital LUMO, were derived from Gaussian output files to 

elucidate variations in the band gap with an increasing number of MoS₂ layers and to evaluate 

interfacial charge transfer between MoS₂ and dye molecules. All visualizations were produced 

utilizing GaussView 6.1.1.3 Secondary non-covalent interactions (NCI) were examined using 

the Multiwfn program, with the corresponding isosurfaces rendered and visualized in Visual 

molecular dynamics (VMD).4,5

Table S1: Calculation of strain in MoS2 NFs

Sample (hkl) 2θ dhkl (A°) Ꜫ (no dimension)

(002) 13.86 6.38

(100) 33.07 2.70MoS2-1

(110) 58.83 1.56

0.0068

(002) 13.77 6.42

(100) 33.39 2.68MoS2-2

(110) 58.53 1.57

0.0098
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Fig. S2. EPR analysis of MoS2 samples.

Table S2: ICP-OES analysis data

Sample Mo S Mo:S Raio

MoS2-1 34.10 65.90 1:1.93

MoS2-2 34.32 65.67 1:1.91
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Fig. S3. (a) BET isotherm of MoS2 samples; (b) Pore-size distribution curve of MoS2 samples.

Table S3: Surface and porous parameters of the samples

Sample BET surface area
(m2/g)

Avg. pore radius
(nm)

Avg. pore volume
(cm3/g)

MoS2-1 20.95 5.98 0.062

MoS2-2 25.47 6.85 0.087
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Fig. S4. Tauc plot of MoS2 samples.

Fig. S5. Zeta potential of MoS2-2 as a function of pH in the photocatalytic degradation of (a) TC 

and (b) CIP.
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Table S4: Comparison of synthesized MoS2 NFs with other catalysts 

Catalyst Dye Catalyst
dosage
(g/L)

Dye
concentration

(mg/L)

pH Light
source

Degradation
Percentage

(%)

Time taken 
for 

degradation
(min)

Ref.

NiCo2O4/ZnO MB 0.4 10 7 Visible lamp 
(400 W)

92.85 120 6

SnO2@g-C3N4 MB 0.1 100 6 Sun light 97 45 7

CoNi2S4/MoS2 MB 0.2 10 11 Visible light 
(250 W)

100 90 8

C-TiO2-MoS2 MB 0.2 100 11 Xenon lamp 
(3 W)

99.6 45 9

Bi2WO6-ZnO/GO MB 1 20 3.04 Visible light 87.9 180 10

MoS2/Co3O4 MB 0.4 10 - Visible light 
(250 W)

99.5 120 11

Mn-doped rGO/NiO/g-C3N4 MB 1 10 11 UV lamp 
(85 W)

98.3 90 12

MoS2 NFs MB 0.2 10 6.5 Natural sunlight 98.46 75 This
work

Mn2O3@GO-MoS2 TC 0.1 50 6 Visible light 
(400 W)

98.91 15 13

MoS2/Graphene aerogel TC 0.5 5 7 Hg vapour lamp 
(250 W)

97 120 14

MoS2/Graphene aerogel TC 0.5 5 7 Hg lamp 
(250 W)

95 90 15

MoS2/CuBi2O4 TC 0.6 5 5.3 Xenon lamp 
(100 W)

83 180 16

g-C3N4/Fe3O4/In2O3/MoS2 TC 0.2 10 9 Xenon lamp 
(300 W)

94.1 240 17

Biochar silica@BiOCl TC 0.2 10 11 Xenon lamp 
(300 W)

96.2 90 18

β-In2S3 TC 0.5 10 6.5 LED lamp 
(60 W)

85.5 240 19

MoS2 NFs TC 0.2 10 7 Natural sunlight 99 75 This
work

CuNb13O33/g-C3N5 CIP 0.75 10 7 Tungsten halogen 
lamp (500 W)

98 120 20

CdS/CuO CIP 0.5 10 5 Visible light 100 180 21

MoS2/Bi2WO6 CIP 0.4 20 7 Xe lamp (300W) 99.6 60 22

C-dots/ZnO CIP 0.6 12 6.3 Natural sunlight 98 110 23

MgFe2O4/UiO-67 CIP 0.25 10 8.02 LED lamps 
(300 W)

99.62 90 24

Fe2O3/Fe3O4/Cr2O3/rGO CIP 0.6 10 7 Natural sunlight
(Av. Intensity 730 

W m-2)

92.1 120 25

ZnMn2O4/V2O5 CIP 0.4 20 6 Xenon lamp 
(300 W)

98.7 100 26

MoS2 NFs CIP 0.2 10 7 Natural sunlight 98.30 90 This
work
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Fig. S6. Comparison of XRD (a) and FE-SEM images (b) of MoS2-2 before and after degradation; (c) 

Percentage of degradation and TOC removal of MoS2-2 in tap water.  

Table S5: Parameters of tap water and river water used in the photocatalysis by MoS2-2

Parameters Tap water River water

pH 6.27 6.59

Na+ (mg L-1) 5.56 1.62

K+ (mg L-1) 1.44 0.46

Mg2+ (mg L-1) 4.76 2.38

Ca2+ (mg L-1) 3.92 3.92

SO4
2- (mg L-1) 0.28 0.17

Cl- (mg L-1) 0.29 0.16

NO3
- (mg L-1) 0.18 0.17

F- (mg L-1) Not detected Not detected

PO4
3- (mg L-1) Not detected Not detected
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Fig. S7. (a) EIS spectra; (b, c) Mott-Schottky Plots of MoS2 samples.
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Fig. S8. (a-c) LC-MS/MS Analysis of the TC



11

Fig. S9. Degradation pathway of TC.
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Fig. S10. (a-c) LC-MS/MS Analysis of CIP.
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Fig. S12. (a) Optimized DFT structures of 1, 2 and 3-layered MoS₂; (b) Cohesive energy variation 

with MoS₂ layer numbers. 

Fig. S11. Degradation pathway of CIP.
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Fig. S13. (a) Frontier molecular orbital (FMO) Analysis of TC–MoS₂ and CIP–MoS₂ 

complexes showing the corresponding HOMO–LUMO gaps.
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