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1. UV- reflectance spectroscopy 

Fig. S1 Reflectance spectra of prepared photocatalyst PTh, MoS2 and 

MoS2@PTh

2.  Photocatalytic Hydroxyl Radicals (•OH) Production

To further verify the generation of hydroxyl radicals (•OH) during the photocatalytic 

process, coumarin was employed as a selective fluorescent probe. In a typical experiment, 30 

mg of the nanocatalyst was introduced into the coumarin solution and stirred vigorously under 

the same reaction conditions used for the degradation studies. Upon light irradiation, coumarin 

interacts specifically with •OH to yield 7-hydroxycoumarin, a highly fluorescent compound. 

The formation of 7-hydroxycoumarin is evidenced by its distinctive optical characteristics, 

showing an excitation peak at 334 nm and a strong emission band around 426 nm. During 

irradiation, the fluorescence intensity at 426 nm increased steadily with reaction time. This 
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continuous rise in emission signifies a proportional increase in •OH formation, indicating that 

the photocatalyst produces hydroxyl radicals efficiently throughout the reaction period. These 

observations corroborate the radical-scavenging results and provide convincing evidence that 
•OH radicals act as the principal reactive species responsible for driving the photocatalytic 

degradation of the targeted pollutants. Thus, the coumarin fluorescence assay strongly supports 

the proposed reaction mechanism and highlights the crucial contribution of hydroxyl radicals 

in the overall catalytic activity.

Fig. S2. Fluorescence spectral changes of coumarin solution monitored at 425 nm during 

irradiation with a 150 W visible-light source, recorded in a 2.5 µM aqueous coumarin 

solution

3. EIS analysis 

Electrochemical impedance spectroscopy (EIS) was performed to evaluate the 

charge transfer behavior of PTh, MoS₂, and the MoS₂@PTh nanocomposite. In the 

Nyquist plots, a smaller semicircle diameter corresponds to lower charge transfer 



resistance, indicating more efficient charge separation and improved interfacial charge 

mobility. The semicircle radii followed the order PTh > MoS₂ > MoS₂@PTh, 

confirming that the composite exhibits significantly reduced electron transfer resistance 

and suppressed electron–hole recombination. Among all samples, MoS₂@PTh 

displayed the smallest arc radius, demonstrating superior electrical conductivity and 

accelerated charge transport, which is consistent with the PL analysis indicating 

enhanced charge separation efficiency.

Fig. S3. Electrochemical impedance spectroscopy of PTh, MoS2 and MoS2@PTh

3.5. Intermediate product analysis and toxicity assessment

The photocatalytic degradation of ciprofloxacin (CIP) and tetracycline (TC) and 

over MoS₂@PTh was investigated using LC–MS analysis. This technique enabled the 

identification of major intermediate products and the proposal of plausible degradation 

pathways based on the detected mass spectral signals and previously reported literature 



[1,2,3,4]. The prominent intermediate products observed in the mass spectra were 

characterized by m/z values of 304, 292.1, 244, 232.8, 184.8, 135, and 102.8.

Ciprofloxacin (CIP, m/z = 332) undergoes photocatalytic degradation through a series 

of reactions including oxidation, N-dealkylation, hydroxylation, defluorination, and 

ring-cleavage processes [5]. In the initial degradation route (Pathway I), the parent ion 

(m/z = 332) undergoes oxidative decarboxylation with the loss of the –CO₂ group, 

forming an intermediate at m/z = 304 [6,7]. Subsequent removal of the –CH₃CH₂N 

moiety from the piperazine ring produces a fragment ion at m/z = 244.8. Further attack 

by reactive oxygen species (•OH and •O₂⁻) induces N-dealkylation, generating 

intermediate C2 (m/z = 244), followed by piperazine ring cleavage to form intermediate 

C3 (m/z = 198) [6]. The fragment ion at m/z = 232.8 is attributed to the loss of a –CH₂ 

group from the residual piperazine ring, which subsequently undergoes complete ring 

elimination to produce an ion at m/z = 184.4 [7]. 

In Pathway II, CIP initially undergoes the simultaneous removal of the –

CH₂CH₂NH– group from the piperazine ring and decarboxylation (–CO₂), yielding an 

intermediate at m/z = 244.9. This intermediate follows a degradation route similar to 

that observed in Pathway I. Continued oxidation and ring-opening reactions mediated 

by •OH and •O₂⁻ radicals result in the formation of low-molecular-weight intermediates, 

including C5 at m/z = 102.8, indicating extensive mineralization of the ciprofloxacin 

molecule. To further evaluate the major tetracycline (TC) degradation intermediates 

identified in Fig. S4b, LC–MS analysis was employed during the photocatalytic 

degradation of TC (m/z = 444). The results indicate that reactive oxygen species (ROS), 

particularly hydroxyl radicals (•OH) and superoxide radicals (•O₂⁻), play a dominant 

role in initiating a series of oxidative transformations that lead to the progressive 

structural breakdown of the TC molecule [6,7,8,9,10]. The degradation of TC proceeds 

mainly through two principal pathways. In Pathway I, superoxide radicals (•O₂⁻) 

preferentially attack the electron-rich regions of the TC molecule, resulting in the 

formation of intermediate T1 (m/z=263)[6]. This transformation involves multiple 

reactions, including dihydroxylation, deamination, oxidative decarboxylation, C–C 



bond cleavage, and hydroxylation. Subsequently, the loss of hydroxyl groups and 

molecular rearrangement of T1 leads to the formation of T2 (m/z = 242). Further 

decarboxylation and hydroxylation reactions convert T2 into T3 (m/z = 198).

With continued exposure to the oxidative ROS environment, successive removal of 

hydroxyl (–OH) and carboxyl (–COOH) functional groups results in the formation of 

lower-molecular-weight intermediates at m/z = 155 and T4 (m/z = 123). Progressive 

dealkylation, demethylation, and oxidation reactions further break down these 

intermediates into smaller fragments (m/z = 122). Ultimately, these low-molecular-

weight products undergo complete oxidation to CO₂ and H₂O, indicating near-complete 

mineralization of TC under the applied photocatalytic conditions.



Fig. S4. Plausible LC–MS-based degradation pathway of ciprofloxacin (CIP) and 

tetracycline (TC) over MoS₂@PTh,

In the case of RhB, LC–MS analysis was employed to monitor the temporal 

evolution of intermediate species formed during photocatalytic degradation, thereby 

providing insights into the possible degradation pathways. The corresponding LC–MS 

spectra of RhB after 240 min of visible-light irradiation in the presence of MoS₂@PTh 



are presented in Fig. S5. As shown in this figure, characteristic m/z peaks at 443, 387.93, 

318.41, 184.84, and 166.60 were clearly detected, corresponding to the parent RhB 

molecule and its degradation intermediates,. the dominant peak at m/z = 443 

corresponded to intact RhB, accompanied by the formation of N,N-diethyl rhodamine 

at m/z = 387.93. This observation indicates that the degradation of RhB is initiated by 

a stepwise N-deethylation process, involving the successive removal of ethyl groups (–

C₂H₅) from the diethylamino substituents. Such deethylation reactions are widely 

recognized as the primary degradation pathway of RhB under photocatalytic conditions. 

With prolonged irradiation, additional lower-molecular-weight intermediates at m/z = 

318.41, 184.84, and 166.60 appeared, suggesting that the chromophore ring underwent 

further oxidative cleavage. Following N-desethylation, the resulting intermediates were 

further degraded into lower m/z species. Oxidative chromophore cleavage converted 

these intermediates into small carboxylic acids, including phthalic acid and terephthalic 

acid (m/z = 166), and adipic acid (m/z = 146)[11-13].These transformations are mainly 

driven by highly reactive oxygen species (ROS), particularly hydroxyl radicals (•OH) 

and superoxide radicals (•O₂⁻) generated on the MoS₂@PTh photocatalyst under 

visible-light excitation. The •OH radicals, owing to their strong oxidative potential, play 

a dominant role in promoting hydrolysis, oxidation, and ring-opening reactions, leading 

to the breakdown of the conjugated xanthene structure [14]. Meanwhile, •O₂⁻ 

contributes to the oxidation of intermediate species and facilitates subsequent molecular 

fragmentation. Additionally performed LC–MS analysis of Brilliant Blue degradation 

over MoS₂@PTh revealed intermediate ions at m/z 390.43, 343.40, 224.36, and 222.87, 

indicating stepwise oxidative fragmentation of the dye molecule. The initial degradation 

involved cleavage of the triphenylmethane chromophore and desulfonation, producing 

a major intermediate at m/z 390.43. Subsequent hydroxyl radical attack led to further 

aromatic ring degradation, yielding the m/z 343.40 fragment. Advanced oxidation 

resulted in low-molecular-weight aromatic intermediates at m/z 224.36 and 222.87, 

confirming deep degradation and progressive mineralization of Brilliant Blue.



Fig. S5 Possible degradation pathway for degradation of Rhodamine B
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