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Abstract: Natural fibrous clays—sepiolite (SEP) and palygorskite (PLG)—were 
evaluated as sustainable photocatalysts for UV-C hydrogen generation from 
aqueous methanol solution. Native and 24 h pre-irradiated samples were 
characterized by gas quantification, FTIR, SEM, AAS, and zeta-potential 
measurements and compared with TiO2 P25. PLG showed significant activation 
after irradiation: UV-C exposure removed carbonaceous residues and rearranged 
surface –OH groups, thereby improving channel accessibility and increasing H2 
evolution to values comparable to P25. In contrast, SEP hydroxylated more strongly 
after irradiation and formed robust hydrogen bonds that stabilized methanol-derived 
intermediates and temporarily suppressed activity, even though the crystal structure 
remained stable. The results show that SEP and PLG respond to UV-C through 
different surface chemistry mechanisms, rather than changes in the crystal lattice. 
PLG is activated by surface cleaning and reorganization of hydroxyls, while SEP is 
inhibited by stabilization of intermediates and excessive hydroxylation. Overall, 
fibrous silicates appear to be affordable, robust, and tunable photocatalysts whose 
performance can be controlled by surface cleanliness and hydration. 
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1. Introduction 

The transition toward clean and sustainable energy solutions has placed photocatalytic technologies at the 
forefront of materials research, particularly in addressing challenges related to hydrogen generation and 
environmental remediation. Photocatalysis, a light-driven redox process capable of decomposing organic pollutants 
or producing molecular hydrogen, offers a promising strategy aligned with green chemistry principles [1,2]. 
However, much of the existing research has centered on engineered nanomaterials such as TiO2, ZnO, or graphitic 
carbon nitride—materials that often require costly, energy-intensive synthesis, lack long-term stability, and 
involve complex post-synthetic modifications to achieve sufficient reactivity and selectivity [1–4]. 

In this context, naturally occurring clay minerals are gaining attention as earth-abundant, low-cost, 
sustainable, and environmentally benign photocatalysts. Among them, the fibrous magnesian phyllosilicates 
sepiolite and palygorskite—members of the same polysomatic series—combine high surface area, one-
dimensional channels, and redox-active cations such as Fe3+/Fe2+. Both share a T–O–T (tetrahedral–octahedral–
tetrahedral) ribbon framework, differing mainly in octahedral occupancy (trioctahedral sepiolite vs. dioctahedral 
palygorskite) but maintaining their fibrous morphology [5–9]. While long studied as hosts for semiconductor 
catalysts [10–13], recent work suggests that these clays can themselves contribute to photoinduced processes 
through their intrinsic structural and chemical features [2,14–16]. Their staggered 2:1 ribbon architecture, 
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composed of Mg-dominated octahedral sheets, forms open channels—six tetrahedra wide in sepiolite and four in 
palygorskite—connected by inverted tetrahedra through corner-sharing Si–O–Si bridges. This configuration 
preserves the continuity of the tetrahedral sheet, whereas the octahedral sheet remains discontinuous. This 
discontinuous octahedral connectivity and open-channel structure govern their high surface accessibility, 
hydration behavior, and photocatalytic performance [7,10,17,18]. 

Despite these promising observations, the intrinsic photocatalytic activity of natural fibrous clays remains 
poorly understood and significantly underexplored. To date, only a limited number of studies [2,14–16,19]—most 
of which focus on dye sensitization or involve hybridized systems—have systematically evaluated the behavior of 
unmodified palygorskite and sepiolite as standalone photocatalysts for pollutant degradation. Little is known about 
how their native properties, such as coordinated water, surface silanol groups, and redox-active transition metals, 
contribute to processes like photocatalytic methanol oxidation [2,14–16,20,21]. Addressing this gap will reveal 
how the clay matrix functions as a synergistically active component and enable clearer interpretation of clay-based 
hybrid photocatalysts. 

In this work, we present a systematic investigation of unmodified sepiolite and palygorskite as standalone 
photocatalysts for hydrogen evolution from methanol–water solution under UV irradiation. Methanol was used as 
a model organic pollutant and as an efficient hole scavenger to evaluate the photocatalytic oxidation capability of 
the materials coupled with hydrogen evolution. Particular emphasis is placed on detailed structural and, especially, 
surface characterization, as these parameters fundamentally influence the photocatalytic response of fibrous clays. 
The results contribute to the growing recognition that such minerals are not merely passive supports, but can 
participate directly in photoinduced processes [14,16]. Accordingly, their intrinsic contribution should be 
explicitly considered when designing and evaluating clay-based composite photocatalysts. The novelty of this 
study lies in providing a control-validated evaluation of hydrogen evolution via methanol photoreforming over 
unmodified fibrous clays. 

2. Materials and Methods 

2.1. Materials 

Two samples of natural fibrous clays (one sepiolite (SEP, Esquivias region, Madrid Basin, Spain) and one 
palygorskite (PLG, Lebrija area, Guadalquivir Basin, Spain)) were used as received from the supplier (Kremer 
Pigmente, Aichstetten, Germany), without any chemical modification and with an average grain size < 2 µm. No 
chemical pretreatment was applied to preserve their native mineralogical structure and chemical composition. 
Throughout this work, irradiated samples are denoted using the suffix _24H (_72H), referring to 24 h (72 h) of 
UV-C pretreatment under continuous irradiation. Samples irradiated in aqueous methanol are labeled accordingly 
(e.g., SEP_24H), whereas those irradiated in pure water are denoted with the suffix _Blank_24H (e.g., 
SEP_Blank_24H). 

2.2. Characterization 

Mineralogical composition was confirmed using X-ray powder diffraction (XRD, SmartLab, Rigaku, 
Akishima-shi, Tokyo, Japan) with Cu Kα radiation (λ = 1.5418 Å). Elemental composition was assessed by energy-
dispersive X-ray fluorescence spectrometry (XRF, XEPOS, SPECTRO Analytical Instruments GmbH, Kleve, 
Germany) to obtain semiquantitative information on the major and minor elements present in the solid samples. 
Fourier-transform infrared spectroscopy (FTIR, iS10, Thermo Fisher Scientific, Waltham, MA, USA) was used to 
evaluate surface functionalities and structural OH groups. Scanning electron microscopy (SEM, Vega 3, Tescan 
Orsay Holding, Brno, Czechia) provided morphological insight into fiber architecture before and after irradiation; 
all micrographs were recorded under identical acquisition parameters (15 kV, SE + BSE, ~25 k×, WD ~ 11 mm). 
Atomic absorption spectroscopy (AAS, ContrAA, Analytik Jena GmbH + Co. KG, Jena, Germany) was used to 
assess leaching of framework cations after photocatalytic experiments. Zeta potential measurements (SZ-100V2 
NanoPartica, HORIBA Scientific, Kyoto, Japan) were performed in 1 mM KCl solution in deionized water. UV-
Vis diffuse reflectance spectroscopy (UV-Vis DRS; Specord 250 Plus, Analytik Jena GmbH + Co. KG, Jena, 
Germany) equipped with an integrating sphere was used to evaluate the optical response of the powder samples. 

2.3. Photocatalytic Hydrogen Evolution Experiments 

Photocatalytic H2 evolution experiments were performed in a batch photoreactor (stainless steel, volume 
305 cm3). A detailed description of the photocatalytic experiment is provided in the Supplementary Materials. 
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2.4. Control and Post-Irradiation Analysis 

Control experiments were performed in water-only systems (without methanol) under identical irradiation 
conditions to evaluate intrinsic photocatalytic activity in the absence of a sacrificial agent (methanol). After 
irradiation, the photocatalyst suspensions were clarified by centrifugation: first at 2500 rpm for 30 min to sediment 
coarse flocs—i.e., large aggregates of clay particles—then at 4000 rpm for 99 min to pellet the remaining fine 
powder. The obtained solid was washed with deionized water, centrifuged at 4000 rpm for 30 min and dried at 50 °C 
overnight in a laboratory oven. FTIR and SEM analyses were repeated to identify morphological alterations. The 
supernatant from centrifugation was collected for subsequent analysis. Leaching of Mg, Al, Fe, Ti and Mn into the 
solution was evaluated by AAS to assess structural integrity and possible photocorrosion effects. 

3. Results and Discussion 

3.1. X-Ray Diffraction (XRD) and X-Ray Fluorescence (XRF) 

XRD pattern of native sepiolite (SEP) sample shows only sepiolite reflections with no additional crystalline 
phases resolved. By contrast palygorskite (PLG) sample is dominated by palygorskite with a minor sepiolite 
fraction (~80–85% PLG, ~15–20% SEP; semi-quantitative, possible preferred-orientation bias) and trace quartz 
and calcite. Diagnostic lines (Cu Kα, 2θ) include quartz at ~26.6°, calcite at ~29.4°, and a low-angle shoulder near 
~7.4° attributable to SEP; the full XRD patterns and phase-markers are shown in Figure S3. 

Bulk XRF cleanly separates the materials and matches their expected octahedral character. SEP is Mg-rich 
(MgO ≈ 23.3 wt%) and Al/Fe-poor (Al2O3 ≈ 2.1 wt%, Fe2O3 ≈ 0.8 wt%), consistent with trioctahedral sepiolite. 
PLG has more Al/Fe (Al2O3 ≈ 8.1 wt%, Fe2O3 ≈ 3.5 wt%) with moderate content of Mg (MgO ≈ 8.1 wt%); its 
elevated content of CaO (≈ 4.6 wt%) agrees with the calcite observed by XRD. A simple bulk proxy for octahedral 
type, MgO/(Al2O3 + Fe2O3), reinforces this reading: SEP ≈ 8.0 (Mg-rich, trioctahedral) versus PLG ≈ 0.67 (Al/Fe-
enriched, dioctahedral [5,7,8]. 

Figure 1 compares the XRD patterns of the samples before and after irradiation. The diffraction profiles 
reveal that any observed modifications are confined to the surface and do not involve changes in the underlying 
crystalline framework. No shifts in basal reflections or broadening of principal peaks were detected, confirming 
that the structural integrity of the fibrous silicate lattice remains preserved. The only measurable alteration is the 
disappearance of calcite reflections in PLG following irradiation, observed in both aqueous methanol and water 
environments. This indicates preferential dissolution of minor carbonate impurities rather than framework 
degradation [22,23]. 
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Figure 1. XRD patterns of sepiolite (top) and palygorskite (bottom) samples pre- and post UV-C treatment. 

3.2. Fourier-Transform Infrared (FTIR) Spectrometry 

FTIR tracks how the two fibrous clays respond to UV-C (254 nm) in aqueous methanol and water only 
solutions (Figure 2). Only diagnostic bands were evaluated: O–H stretching (3700–3000 cm−1; sub-bands near 
~3615, ~3548, 3450–3400, ~3300), C–H stretching (2960–2850 cm−1), H–O–H bending (~1675–1630 cm−1), Si–O 
stretching doublet (~1030/985 cm−1), Si–OH/out-of-plane (~912 cm−1) and lattice modes (≈600–450 cm−1). 
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Figure 2. Transmission FTIR (KBr pellet) spectra of sepiolite (top) and palygorskite (bottom) before and after 
UV-C pretreatment. Spectra are normalised to the ν(Si–O) maximum at ≈1020 cm−1. Arrows indicate trends of 
change as in comparison to spectrum of native samples. 

Both clays maintain an intact silicate framework under UV-C in aqueous methanol (stable Si–O doublet and 
lattice bands) [24–29]. SEP responds reversibly: hydration and weak, transient C–H adsorption at 24 h relax toward 
native by 72 h. PLG shows persistent hydroxylation and marked C–H loss, consistent with surface cleaning in 
methanol; in water alone, both materials exhibit hydration without organic removal. 

The ~3300 cm−1 contribution behaves as a dynamic probe of PLG tunnel-water ordering—intensified in water 
and diminished in methanol—whereas SEP lacks a resolvable 3300 cm−1 component [30–32]. 

Collectively, FTIR indicates that surface adsorption/hydration governs the spectral evolution, while the T–
O–T ribbon architectures remain intact as confirmed by XRD; these trends are consistent with methanol-assisted 
radical processes that clean PLG surfaces and with largely reversible hydration in SEP. A detailed description of 
the FTIR spectra is provided in the Supplementary Materials. 

3.3. Scanning Electron Microscopy (SEM) 

3.3.1. Sepiolite (SEP) 

Native SEP comprises straight, ribbon-like fibers organized in loosely packed, aligned bundles with broad 
inter-bundle voids and limited entanglement (Figure 3a), consistent with its narrow O–H envelope and low organic 
content in FTIR. 

Under UV-C in aqueous methanol, the fibrous morphology remains largely intact: after 24 h, only minor 
abrasion and loosening occur, and by 72 h modest fraying and misalignment appear without fiber collapse 
(Figure 3b,c), paralleling a transient O–H increase followed by partial relaxation. 

In water-only reference sample, SEP exhibits mild compaction and roughening but preserves its network 
structure (Figure 3d), consistent with the small, reversible FTIR hydration response. This overall resilience likely 
reflects its Mg-rich, trioctahedral framework and lower surface organic content compared with PLG [7,8]. 
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Figure 3. SEM morphology of sepiolite (SEP) before and after UV-C irradiation in aqueous methanol and in water-
only blanks. (a) SEP, before irradiation; (b) SEP_24H; (c) SEP_72H; (d) SEP_Blank_24H. 

3.3.2. Palygorskite (PLG) 

Native PLG forms dense, highly entangled mats of rod-like fibers with frequent cross-linking and bundle 
intergrowths, creating a compact three-dimensional network (Figure 4a) consistent with its stronger organic FTIR 
signatures and broader O–H envelope. 

 

Figure 4. SEM morphology of palygorskite (PLG) before and after UV-C irradiation in aqueous methanol and in 
water-only blanks. (a) PLG, before irradiation; (b) PLG_24H; (c) PLG_72H; (d) PLG_Blank_24H. 
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Under UV-C in aqueous methanol, PLG shows pronounced surface abrasion, fibril roughening, and partial 
debundling after 24 h, progressing to locally compacted, planarized domains by 72 h (Figure 4b,c), indicative of 
partial loss or flattening of the fibrous texture rather than simple agglomeration. Limited Mg2+ release suggests 
leaching from edge sites, though other contributions cannot be excluded. 

In water-only suspensions, PLG develops smooth, planarized films formed by bundle merging rather than 
debundling (Figure 4d), likely due to hydration-induced expansion followed by capillary collapse during drying. 
The FTIR response aligns with this: PLG exhibits the largest O–H increase in water (notably near 3300 cm−1) and 
relatively persistent C–H signals, consistent with higher channel-water content and surface-organic retention. 
Overall, aqueous methanol promotes roughening and increased site accessibility, whereas water favours hydrated, 
planar films that may temporarily limit accessibility until reconditioned. 

3.4. Zeta Potential (ζ) 

Figure 5 shows that zeta potential was uniformly negative for all samples from pH 2 to 12, indicating an isoelectric 
point below the tested range and a surface dominated by deprotonated silanol and edge –M–OH sites [33–35]. Since 
the photocatalytic experiments operate within pH 5–7, this region is particularly relevant: here, SEP shows a 
modest decrease in ζ magnitude after 24 h UV-C exposure, indicating partial charge relaxation likely linked to 
changes in surface coverage or specific-ion adsorption rather than residual organics [33,36,37]. In contrast, PLG 
becomes more negatively charged in this same pH window after irradiation, shifting its electrostatic stability 
threshold (|ζ| ≳ 30 mV) toward near-neutral conditions. This behavior aligns with FTIR evidence of surface 
cleaning and rehydration that expose additional –SiO−/–MO− sites, enhancing dispersion and accessibility under 
the conditions of hydrogen-evolution testing. 

These electrostatic trends reflect distinct charge-regulation mechanisms in the two clays: SEP shows ζ-
potential relaxation at higher pH due to stronger surface coverage and charge compensation, whereas PLG retains 
a more negative, stable ζ-potential, indicating better dispersion and greater surface-site accessibility [33–35,37]. 
These differences align with their microstructural variability—fiber length, porosity, and channel accessibility—
which dictate the density and reactivity of terminal –OH groups [9,35,37,38]. 
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Figure 5. Zeta potential of sepiolite (top) and palygorskite (bottom) samples as a function of pH measured in 1 
mM KCl solution. 

3.5. Atomic Absorption Spectrometry (AAS) 

AAS supports the FTIR and SEM results, confirming distinct differences in chemical resilience (Figure 6). 
In SEP, Mg leaching proceeds more slowly and linearly (0.66 → 0.94 mg/L) under irradiation in methanol solution, 
indicating higher structural stability. Comparable Mg levels in water control (0.87 mg/L) suggest that Mg release 
is mainly governed by hydration rather than photocatalytic oxidation. This indicates that Mg is more surface-
accessible or loosely bound without signs of deeper structural decomposition. 

 

Figure 6. Mg2+ leaching from palygorskite (PLG) and sepiolite (SEP) post UV irradiation. 

2 4 6 8 10 12
-50

-40

-30

-20

-10

0

Ze
ta

 p
ot

en
tia

l (
m

V
)

pH

 PLG
 PLG_24H
 PLG_Blank_24H

SEP PLG
0.0

0.4

0.8

1.2

1.6

M
g2+

 (m
g/

L)

 Native
 24H
 72H
 Blank_24H



Kopčan et al.   Photocatalysis 2026, 2(1), 2 

https://doi.org/10.53941/photocatalysis.2026.100002  9 of 14  

In contrast, PLG shows a sharp increase in Mg leaching after 24 h irradiation in methanol solution (1.20 mg/L), 
coinciding with visible morphological degradation and attenuation of organic signals. This behavior indicates the 
release of structurally bound Mg2+ from octahedral layers due to framework disruption and oxidative degradation. 

No detectable leaching of Al (<0.59 mg/L), Fe (<0.16 mg/L), Mn (<0.04 mg/L), or Ti (<1.44 mg/L) was 
observed in any sample, underscoring the chemical robustness of the core clay matrices. 

3.6. UV-Vis Diffuse Reflectance 

Diffuse reflectance UV-Vis spectra (UV-Vis DRS) of powdered sepiolite (SEP) and palygorskite (PLG) were 
recorded and expressed as the Kubelka–Munk function, 𝐹ሺ𝑅ஶሻ ൌ ሺ1 െ 𝑅ሻଶ/ሺ2𝑅ሻ , as a pseudo-absorbance 
descriptor for diffusely scattering, optically thick powders. Both materials show a dominant UV absorption edge 
(onset ~4.0 eV; maximum slope ~4.4–4.5 eV) together with a weaker near-UV contribution around ~3.3 eV, 
superimposed on the main edge. For comparison, two characteristic energies were extracted from Tauc-type linear 
constructions: a low-energy sub-gap threshold of ~2.0 eV for SEP and ~2.3 eV for PLG, and a higher-energy 
apparent edge at ~3.7 eV for SEP and ~3.5 eV for PLG (baseline-intersection). Because 𝐹ሺ𝑅ஶሻ represents the 
absorption-to-scattering ratio and natural clays commonly exhibit sub-band-gap absorption tails due to 
compositional heterogeneity and transition-metal-related charge-transfer and defect states, these values are 
discussed conservatively as apparent (model-dependent) optical thresholds rather than unique intrinsic band gaps 
of the phyllosilicate framework. This interpretation is consistent with complementary characterization: XRD 
shows only sepiolite reflections for SEP, whereas PLG is dominated by palygorskite with minor sepiolite and trace 
quartz and calcite, and bulk XRF indicates substantially higher Fe content in PLG (Fe2O3 ≈ 3.5 wt%) than in SEP 
(Fe2O3 ≈ 0.8 wt%), which may enhance sub-gap absorption [39–41]. 

3.7. Photocatalytic Methanol Reforming 

3.7.1. Hydrogen Evolution 

After 4 h of UV-C irradiation, both clay matrices exhibit different behavior depending on the medium used 
(Figure 7). 

In methanol solution (Figure 7, top), the hydrogen yield decreases for SEP (from 518 to 352 µmol∙gcat
−1), 

while it increases significantly for PLG (from 347 to 564 µmol∙gcat
−1), indicating different stability and 

photocatalytic activation capacity after preliminary irradiation. The corresponding time-dependent hydrogen 
evolution profiles are shown in Figure S5. 

In control experiments with water, the trend is reversed (Figure 7, bottom). SEP activity increases slightly 
(from 52 to 77 µmol∙gcat

−1), while PLG activity decreases significantly (from 69 to 8 µmol∙gcat
−1). This suggests 

that SEP is dominated by an adsorption effect associated with hydration, while PLG undergoes true photocatalytic 
activation only in the presence of methanol. 

The significantly higher H2 evolution observed in the methanol–water system compared to pure water 
indicates that the dominant pathway is photocatalytic oxidation of methanol coupled with proton reduction. 
Therefore, these experiments should not be interpreted as overall water splitting, but rather as photocatalytic 
methanol reforming or organic oxidation accompanied by hydrogen evolution. 
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Figure 7. Comparison of total hydrogen yields obtained after 4 h from the same photocatalysts in aqueous methanol 
(top) and water (bottom). 

Compared to the reference TiO2 P25, PLG achieves a comparable level of activity after conditioning, while 
control samples in water confirm that H2 formation is due to photoexcitation and not the presence of organic 
residues. In tests in the dark (blank tests), no hydrogen formation was detected, which rules out the formation of 
reactive oxygen species under these conditions [42–44]. 

3.7.2. Effect of Pre-Irradiation in Aqueous Methanol 

After 24 h of continuous UV-C irradiation, SEP exhibits a broader, more intense O–H envelope (3600–3000 cm−1) 
together with a modest C–H increase, while XRD shows unchanged peak positions—consistent with surface 
reconditioning rather than a lattice change. These observations suggest (i) a denser interfacial H-bond network that 
may stabilize intermediates (methoxy/formate-like) at reactive Mg–OH/Si–OH/Lewis sites [45–47]; (ii) more 
persistent adsorption of methanol-derived fragments that could partially occupy or slow access to those sites [45,47]; 
and (iii) re-wetting/thicker solvation shells in channels, that hinder methanol/COx transport and product 
desorption [46,48]. Collectively, these effects (iv) increase the proton-donating/H-bonding propensity of surface 
–OH groups, favoring intermediate confinement and partial back-oxidation [45,47] over rapid H2 evolution—
consistent with the lower H2 yield observed in aqueous methanol. 

UV-C pretreatment leaves PLG with a cleaner, less water-clogged surface (attenuated C–H envelope, weaker 
~3300 cm−1 H-bonded H2O; mild fiber roughening/debundling without lattice change). Together, these trends 
support several coupled effects: (i) degradation of native organics (attenuation of intensity in FTIR C–H vibration 
region), unblocking Lewis/Brønsted sites [14]; (ii) channel-water reorganization, reducing competitive H-bonding 
in tunnels and improving methanol access [18,46–48]; (iii) partial removal of adsorbate or defect state that my 
otherwise promote e−/h+ recombination [49–51]; (iv) UV-C exposure likely cleans and reconditions surface, 
exposing –OH/Lewis sites. These sites can facilitate proton-coupled electron transfer with methanol and thus 
improve hole scavenging [47,52–54]. 

In aqueous methanol, methanol acts as a sacrificial hole donor. It first adsorbs and deprotonates at oxide/Lewis 
sites, forming surface methoxy (CH3O−), which serves as the dominant hole-reactive adsorbate under UV irradiation. 
The adsorbed methoxy species is then oxidized stepwise (often via CH3O• or CH2OH• radicals) toward formaldehyde 
and formate, releasing protons that are reduced by conduction band electrons to H2 (2H+ + 2e− → H2). The volatile 
carbon products arise mainly from oxidative steps (methanol → HCHO → formate), with CO occasionally 
detected via formate decomposition. When sufficiently reducing or co-catalyzed sites are present, adsorbed CO 
may be further hydrogenated to CH4 [45,47,55]. 

In water-only runs, photogenerated h+/•OH species preferentially attack intrinsic organics. Within this 
mechanistic context, PLG_24H behaves as a cleaned and mildly dehydrated-channel surface. Adventitious 
carbonaceous residues are removed, channel water is partially reorganized or expelled, and active sites become 
more accessible. These changes likely reduce the density of recombination active surface states—consistent with 
higher H2 yield observed. By contrast, SEP_24H becomes more hydroxylated and strongly hydrogen-bonding, 
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which stabilizes methanol-derived intermediates and slows their conversion; in aqueous methanol this manifests 
as lower H2 yield. 

When benchmarked against TiO2 P25, the two clays exhibit complementary behaviors. SEP reaches P25-
level H2 yields in its native, unconditioned state. However, its activity decreases after pre-irradiation, suggesting 
that surface processes dominate its response. The reduced resilience of SEP may result from intermediate 
adsorption and subsequent site blocking, where surface hydroxyl groups stabilize methanol-derived species 
through hydrogen bonding or condensation reactions. This interaction hinders further charge transfer. In contrast, 
PLG shows the opposite trend. Its activity increases after conditioning, and post-irradiation yields approach those 
of P25, indicating progressive activation of surface sites and improved interfacial charge separation. Thus, while 
both clays can transiently match benchmark activity, their mechanistic pathways diverge: SEP undergoes surface 
saturation, whereas PLG experiences progressive surface activation. 

4. Conclusions 

Natural fibrous clays (palygorskite (PLG) and sepiolite (SEP)) exhibit intrinsic photocatalytic activity in UV-
C hydrogen generation from aqueous methanol solutions even without additional cocatalysts. Powder XRD 
measurements confirm the stability of the crystal lattice in both original and irradiated samples, indicating that 
changes in activity are due to surface reorganization rather than structural transformations. FTIR and SEM show 
that 24-h UV-C exposure in aqueous methanol cleans and reconstitutes the PLG surface, removing carbonaceous 
residues and rearranging –OH groups, which opens channels and enhances charge separation. In contrast, SEP 
shows increased hydroxylation and stronger hydrogen bonds, which stabilize methanol-derived intermediates and 
temporarily reduce activity. Overall, the photocatalytic behavior of these clays is determined more by surface 
hydration and coverage with native organics than by their crystal structure. Fibrous silicates thus emerge as tunable 
and affordable photocatalysts whose performance is primarily controlled by surface chemistry. Controlling surface 
cleanliness and hydration therefore represents a direct way to influence hydrogen evolution. The results further 
demonstrate the potential of unmodified sepiolite and palygorskite for photocatalytic oxidation of organic 
pollutants in water with simultaneous hydrogen generation under UV irradiation. 

Supplementary Materials 

The additional data and information can be downloaded at: https://media.sciltp.com/articles/others/2603191 
707206116/Photocatalysis-SM-26010109-FC-done.pdf. Figure S1: Emission spectrum of the UVP Pen-Ray® 
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