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This SI provides (i) XRD comparison of fresh vs stored batches (Fig. S1) and (ii) 
ROS scavenger tests with kinetics (Fig. S2).

i. XRD analysis of Fresh and Stored nanoparticles
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Fig. S1 XRD patterns of fresh and stored nanoparticles showing the effect of time on 
the structure.

Fig. S1 shows the XRD patterns of nanoparticles synthesized using Cistus 
monspeliensis aqueous extract, recorded shortly after synthesis (fresh, 2 days) and 
after storage. The stored sample was kept as a dried powder in a sealed 15 mL tube, 
protected from light, at 4 °C, and was periodically opened for analyses and 
applications. Therefore, storage was not under an inert atmosphere and may have 
allowed intermittent exposure to oxygen and humidity.

 The fresh batch exhibits sharp peaks corresponding to metallic silver (Ag⁰) at 2θ = 
38.270°, 44.388°, 64.609°, and 77.555°, matching the (111), (200), (220), and (311) 
planes of the FCC structure of silver (JCPDS No. 00-004-0783). If an iron-containing 
phase is present, weak features at ~44.388° and ~64.609° could be consistent with the 
(110) and (200) planes of a BCC structure; however, these positions overlap with Ag 
reflections, and apparent Fe⁰ contributions have been similarly interpreted in green 
Ag–Fe systems1–3. Thus, the presence of Fe⁰ cannot be definitively confirmed without 
additional techniques like TEM or XPS. It is also possible that the iron oxides are too 
small (<3 nm) or amorphous to be detected by XRD4.

After storage, the pattern shows clear phase evolution: reflections attributable to γ-
Fe₂O₃ (maghemite) emerge at 26.42°, 27.88°, 32.33°, 35.69°, 57.73°, and 63.37°, 
consistent with γ-Fe₂O₃ (JCPDS No. 00-013-0458), alongside remaining Ag⁰ and the 
appearance of Ag₂O peaks. Compared to the fresh batch, the stored sample displays 
an overall reduction in peak intensity, suggesting oxidation-related changes and 
possible decreases in crystallinity/partial amorphization associated with exposure to 
air and moisture during drying, storage, and repeated handling. Such behavior is 
expected because Fe⁰ is unstable under oxygen- and water-containing environments 
and readily transforms to iron oxide phases; moreover, zero-valent iron nanoparticles 
commonly develop oxide/hydroxide surface layers even shortly after synthesis when 
exposed to air and water 5,6. 

Overall, the XRD results indicate a transition from a fresh material dominated by 
crystalline Ag⁰ (with possible overlapping Fe-related contributions) to a stored 
material where γ-Fe₂O₃ becomes evident and Ag oxidation products appear. This 
phase evolution is consistent with non-inert storage conditions and likely reflects 
oxidation and/or reduced crystallinity during storage and handling (intermittent 
exposure to air, humidity, and repeated opening of the tube). In addition, the initial 
drying step at 60 °C may not have fully removed residual water, and retained moisture 
could have further promoted oxidation and phase transformation during storage. A 
direct comparison of the fresh and stored batches is shown in Fig. S1.

ii. Reactive Species Scavenging Tests for Crystal Violet Photocatalytic 
Degradation

Following the protocol reported by S. Acharya et al.7, the ROS scavenging tests were 
carried out to identify the dominant species involved in CV photocatalytic 
degradation. The experiments were performed using crystal violet (30 mg L⁻¹) with 
0.1 g of the Ag/Ag2O/γ-Fe2O3 nanoparticles, and the suspension was first kept in the 



dark for 30 min to establish the adsorption–desorption equilibrium. After that, each 
scavenger (p-benzoquinone (BQ), Dimethyl Sulfoxide (DMSO), Isopropyl alcohol 
(IPA), and Disodium EDTA (EDTA)) was introduced using a 5 mM scavenger 
solution, where 20 mL was added to reach a final reaction volume of 200 mL, and the 
mixture was then exposed to UVA irradiation for 60 min under continuous stirring.

Fig. S2(a) shows the degradation profiles in the presence of each scavenger. A strong 
inhibition is clearly observed with BQ and DMSO, while EDTA causes only a minor 
reduction, and IPA leads to a slight enhancement. These trends are consistent with the 
pseudo-first-order (PFO) non-linear fitting results presented in Fig. S2(b): the 
apparent rate constant (Kapp) decreases from 0.06465 min⁻¹ (no scavenger, R² = 
0.9783) to 0.00987 min⁻¹ with DMSO (R² = 0.9445) and 0.00691 min⁻¹ with BQ (R² = 
0.7746), whereas EDTA gives 0.04676 min⁻¹ (R² = 0.9642) and IPA slightly increases 
Kapp to 0.06888 min⁻¹ (R² = 0.9834). The corresponding final removal efficiencies 
after 60 min are summarized in Fig. S2(c), dropping from 92.47% (no scavenger) to 
41.78% (DMSO) and 30.19% (BQ), while remaining high with EDTA (88.67%) and 
slightly increasing with IPA (94.95%). The lower R² observed for BQ likely reflects 
the strongly suppressed degradation (limited conversion), which can reduce the 
robustness of kinetic fitting.

Overall, the strong suppression by BQ supports that the electron–O₂ reduction route 
(O₂•⁻ formation) is central, since BQ is widely used to quench O₂•⁻ and/or intercept 
conduction-band electrons8,9. The pronounced inhibition with DMSO confirms a 
major contribution from •OH, as DMSO is a well-established •OH scavenger10. In 
contrast, the weak influence of EDTA suggests that direct h⁺ oxidation is not the 
dominant pathway; moreover, scavenging h⁺ does not necessarily eliminate •OH 
completely because •OH can still form through secondary routes (e.g., via O₂•⁻/H₂O₂). 
Finally, the slight enhancement with IPA can be explained by its sacrificial (electron-
donor/hole-scavenging) role in some systems, which can reduce e⁻/h⁺ recombination 
and favor electron-driven O₂ reduction, sustaining ROS production11,12. Taken 
together, the scavenger trends support that CV degradation proceeds mainly through 
O₂•⁻ and •OH, with a secondary contribution from h⁺.



Fig. S2 Reactive species scavenging during UVA-driven photocatalytic degradation 
of crystal violet (CV) using Ag/Ag₂O/γ-Fe₂O₃ NPs: (a) degradation profiles in the 
presence of DMSO, BQ, EDTA, and IPA; (b) apparent rate constants (Kapp) obtained 
from pseudo-first-order (PFO) non-linear fitting; (c) corresponding CV removal 
efficiencies after 60 min. Experimental conditions: (C = 30 mg L⁻¹, pH = natural of 
the solution, V = 200ml, m = 0.1g, Light source = UVA,  T= 20 ± 1 °C)
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