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1. Diclofenac molecule
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Figure S1. Chemical molecular structure of diclofenac.

2. Solar Simulator Spectrum

[image: ]
Figure S2. Spectral output curve of the Abet Technologies model 10500 Low Cost Solar Simulator (black) and standard AM 1.5G spectrum (blue) [1].
 



3. Crystallite Size Determination Through the Scherrer Equation 
The average crystallite size was calculated from full width at half maximum (FWHM) of XRD peaks by using the well-known Scherrer formula [2,3]:

 					         (S1)

where D is the crystallite diameter, λ is the wavelength of the incident radiation, k = 0.89 is the shape factor, θ is the Bragg angle, and β is the full width at half maximum (FHWM) in radians.

4. Surface Chemical Study
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Figure S3. (a) XPS survey spectrum for the synthesized particulate Cu2ZnSnS4 sample. X-ray photoelectron spectroscopy high-resolution spectra for: (b) Cu 2p, (c) Zn 2p, (d) Sn 3d, and (e) S 2p, for the Cu2ZnSnS4 sample. The short dashed black lines are the fit lines while the colored lines represent each individual component. The original spectra are represented as unfilled dots.
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Figure S4. (a) XPS survey spectrum for the synthesized particulate Cu2ZnSnSe4 sample. X-ray photoelectron spectroscopy high-resolution spectra for: (b) Cu 2p, (c) Zn 2p, (d) Sn 3d, and (e) Se 3d, for the Cu2ZnSnSe4 sample. The short dashed black lines are the fit lines while the colored lines represent each individual component. The original spectra are represented as small open circles.










5. Raman study
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Figure S5. Extended Raman spectra (λexc = 785 nm) of CZTS and CZTSe nanopowders,








6. EDS Mapping Analysis
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Figure S6. (a) FE-SEM plane-view micrograph images of a typical hydrothermally synthesized nanoparticulate Cu2ZnSnS4 sample. EDX elemental mapping of Cu (violet), Zn (cyan), Sn (brown), and S (green) corresponding to this FE-SEM micrograph image is depicted in four panels in the lower part of this. (b) TEM micrograph image of a typical nanoparticulate Cu2ZnSnSe4 cluster and  its corresponding EDX elemental mapping for Cu (green), Zn (magenta), Sn (red), and Se (yellow), as indicated. 


7. Optical Bandgap Energy Determination 
The bandgap (Eg) and optical transition type of nanoparticulate Cu2ZnSnSe4 samples have been determined from the Stern relation of near-edge absorption which is given as [4-7]:


						         (S2)


where A0 is a parameter related to the effective masses associated with the valence and conduction bands, and hν is the photon energy (where ν is the frequency, h is the Planck's constant). m depends on the nature of band transitions, i.e.: n = 1/2 or 2 for direct or indirect allowed transitions, respectively.

8. DCF absorbance spectroscopy measurements
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Figure S7. UV-vis absorbance spectra of a 5 mg L-1 DCF solution under AM 1.5 solar simulator illumination at different irradiation times, as indicated, in the presence of 35 mg L-1 of the: (a) CZTS and (b) CZTSe photocatalysts, respectively.     


9. Fundamentals of the Photocatalytic mechanism

As it has been schematically depicted in Fig. 5 of the MS, irradiation of the semiconductor photocatalyst with photons with energy higher than its bandgap generates h+ in its valence band and e– in the conduction band, process that can be presented by the following equation:

					           (S3)	


If their recombination is avoided, photogenerated-holes can oxidize organic pollutants (P) to their radical cation:

				              
								         (S4)


Photogenerated-holes can also react with adsorbed water (Eq. S5), or hydroxyl groups (OH-) (Eq. S6) to generate •OH:

							         (S5)


  							         (S6)


These hydroxyl radicals can in turn oxidize the adsorbed pollutants [8, 9-12]:

 					         (S7)



On the other hand, photo-generated electrons reduce adsorbed molecular oxygen to form •O2−:
  (k = 1.9x1010 M-1s-1)					         (S8)

which participates in the acid–base equilibrium with its protonated form [8, 9-12]:

 								        (S9)

As the pKa of •HO2 is 4.6, the acidic form of •O2− may be the most abundant species in our reaction system (pH = 6.5) [82,106–109]. Further, dismutation reactions of •HO2 and •O2− generate H2O2 (Eq. S10) and O2 (Eq. S11) [8,9-12]:

2 							       (S10)
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It must be pointed out that the generation of H2O2 during photocatalysis is a crucial step for further •OH formation in bulk water. Once formed, H2O2 can react with the photogenerated e– (Eq. S12), •O2− (Eq. S13) or be decomposed by photolysis (Eq. S14) to form •OH [8, 9-12]:


						       (S12)

					       (S13)

					       (S14)

It is important to emphasize that the reaction shown in Eq. S12 results solely in surface-adsorbed •OH, whereas the reactions in Eqs. S13 and S14 can generate both surface-adsorbed and free •OH [8,9-12]. Morever, the direct photolysis of H2O2 under visible light irradiation can be neglected due to its small molar absorption coefficient (< 1 M-1cm-1 above 300 nm) [13]. Finally, the interaction of the hydroxyl radicals with the adsorbed DCF molecules should lead to the degradation of this DCF pollutant:


					       (S15)



In brief, •O2−, •OH and h+ are the major reactive species responsible for the photo-oxidation of environmental pollutants under visible light irradiation [8,9-12]. •O2− is highly reactive due to the presence of a single unpaired electron, which makes it a potential oxidizing agent [8,9-12]. Among them, the reactivity of •OH is considerable high, and is often regarded as the most effective reactant for photo-catalytic decomposition [8,9-12]. 

10. Radical scavenging assay 
Table S1. List of compounds selected as scavengers used for active species trapping experiments.

	
Type
	
Sacrifice Compound Reagent/Inhibitor

	
Abbreviation

	
References



	
Hole scavenger (h+)

	
Ethylenediaminetetraacetic acid

	
EDTA-2Na
	
 [14-16]

	
Electron scavenger (e–)

	
Potassium dichromate
	
K2Cr2O7
	[16] 

	
•OH scavenger
	
Isopropanol alcohol

	
IPA
	[15-19] 

	
Elimination of the O2 source of •O2− ROS generation

	
Argon
	
Ar
	
[16]
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