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S1. Diffraction Spectrum of The Rutile Sample (UV100 Calcined at 650 °C)

As said in the main text, diffraction (XRD) spectrum of the powdered sample (Figure S1) was obtained at room
temperature with a Philips PW-3710 diffractometer using Cu-Ka radiation at a scan rate of 0.02° (26/s), an accelerating
voltage of 40 kV and an applied current of 30 mA.
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Figure S1. XRD spectrum of the rutile sample. The rutile standard spectrum (ICSD collection code 023697) is added for comparison.

Figure S1 indicates that, after calcination at 650 °C for 2 h, the anatase UV 100 sample was 100% transformed into
rutile, as confirmed by comparison with the rutile standard spectrum from the ICSD collection (code 023697). The
crystal size of the obtained rutile sample can be calculated using the Scherrer equation:

https://doi.org/10.70322/prp.2025.10015
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where D is the average crystal size, 0.9 is the shape factor, A is the X-ray wavelength, Sis the full width at half maximum
of the diffraction peak and &1is the Bragg’s diffraction angle. From the diffraction peak at 26 = 27.52° with f=0.0021
rad and using the emission wavelength of the X-ray source (Cu-Ka., 1.5406 A), an average crystal size of 68 nm can be
calculated.

S2. Diffuse Reflectance Spectra of The Cr(VI)-TiO; Complex Formed Using Different TiO, Samples
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Figure S2. (a) Diffuse reflectance spectra of pure UV 100 (thick red line) and UV100 after adsorption equilibrium with solutions
containing Cr(VI) ([Cr(VD]o = 2.5, 5, 10, 25, 50, 100, 175, 250, 375, 500, 675 and 750 uM, and 1, 1.25 and 1.5 mM, thin black
lines); (b) remission function spectra of the same samples after subtraction of the remission function of pure UV100. Cr(VI)
concentrations increase in the direction of the arrows.
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Figure S3. (a) Diffuse reflectance spectra of pure PC50 (thick red line) and PC50 after adsorption equilibrium with solutions
containing Cr(VI) ([Cr(VD]o = 5, 10, 25, 50, 100, 175, 250, 375, and 750 uM, thin black lines); (b) remission function spectra of
the same samples after subtraction of the remission function of pure PC50. Cr(VI) concentrations increase in the direction of the
arrows.



Photocatalysis: Research and Potential 2025, 2, 10015 3of 8

100 -

80 -
s 60 -
4

40 a

20

0 T T T T T T T
360 400 440 480 520 560 360 400 440 480 520 560

A/nm A/ nm

Figure S4. (a) Diffuse reflectance spectra of pure rutile sample (thick red line) and rutile sample after adsorption equilibrium with
solutions containing Cr(VI) ([Cr(VI)]o =5, 10, 25, 50, 100, 175, 250, 500, 625 and 750 puM, thin black lines); (b) remission function
spectra of the same samples after subtraction of the remission function of pure rutile support. Cr(VI) concentrations increase in the

direction of the arrows.
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Figure S5. Normalized remission function spectra of Cr(VI) adsorbed on P25 (solid black line), UV100 (dashed red line), PC50
(dotted green line) and rutile (dash-dotted blue line) supports, compared with the absorption spectrum of 250 uM Cr(VI) (solid pink
line) in aqueous solution at pH 2 (HCIOy).

S3. Equations Used for Multiple Gaussian Fittings

In order to compare absorption shapes and peaks positions of adsorbed Cr(VI) species (Cr(VI)-TiO, complex),
normalized remission function spectra were analyzed by multiple Gaussian fittings considering Gaussian absorption
bands (in wavelength scale) using the following equations: [1]

—(A-b; 2
fQ) = Ty ap x exp [ 25 (S2)
FWHM = 2v2 x1In2 X o; (S3)
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where a; is the height of the corresponding Gaussian component, b; is the position of its peak center (in nm), and &
represents the standard deviation of the function, related with the full width at half maximum (FWHM) of the component
band (Equation (S3)).

In all cases, the best fits were achieved by considering two (n = 2) or three (n = 3) Gaussians. Fitting parameters
for spectra of initial Cr(VI) concentrations above 250 puM are listed in Table S1 (R* > 0.99 was obtained in all cases).
Spectra at lower initial concentrations were also analyzed leading to similar results but showing somewhat higher
uncertainties due to experimental error. Similar fitting qualities were achieved by multiple Gaussian decomposition in
energy scale (e.g., for UV100: 3.39 £ 0.01 eV (366 nm, 14%), 3.23 £ 0.01 eV (385 nm, 56%), 2.95 + 0.07 eV (420 nm,
30%)).

The present model considers that the absorption spectra of Cr(VI)-TiO, results from different Franck-Condon
transitions from the same species or different Cr(VI) adsorbed species with Gaussian-type inhomogeneous broadening
of the ensemble bands arising from different interactions within a heterogeneous environment [2,3]. Other models
considering symmetric [1,4] or asymmetric Gaussians [5], Lorentz or mixed Gaussian-Lorentz (Voigt) curves in
wavelength or energy scales might be considered [6], but the excellent fittings found here constitutes a first approach
for spectral shape comparisons.

Table S1. Multiple Gaussian fitting parameters for initial Cr(VI) concentrations above 250 uM. The percentage areas were
calculated related to the total area given by the sum of all components. All the band parameters were left free in these fits, assuming
Gaussian bands on wavelength scale.

P25 (6 spectra)

Comp. a b/nm FWHM / nm % area
Gl 0.69 £ 0.07 397+1 44 +2 41
G2 0.41 +£0.03 430+ 6 85+9 48
G3 0.05 £ 0.02 50611 170 + 30 11

Rutile (6 spectra)

Comp. a b/nm FWHM / nm % area
Gl 0.57+0.07 401 +1 37+1 27
G2 0.62 +£0.04 435+4 91+4 73

UV100 (8 spectra)

Comp. a b/ nm FWHM / nm % area
Gl 0.24 +0.02 370 £ 1 23+ 1 8
G2 0.62 +£0.03 385+ 6 45+ 1 42
G3 0.32+0.02 406 +4 103£6 50

PC50 (4 spectra)

Comp. a b /nm FWHM / nm % area
Gl 0.36 £0.11 3662 15+£5 10
G2 0.83+0.11 379+£5 44 +4 66
G3 0.20 £ 0.02 408 + 3 68 + 8 24
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Figure S6. Tauc plots obtained from diffuse reflectance spectra and calculated optical band-gaps (= 0.02 eV) for the naked supports
[7].

S4. Discussion about The Cr(VI)-TiO, Absorption Spectra

The results of Table S1 indicate that the absorption spectra of the Cr(VI)-TiO, complexes can be deconvoluted into
two or three components, with the two main components of the rutile-containing samples (rutile and P25) = 20 nm red-
shifted compared to the anatase ones (PC50 and UV 100), similar to the difference between the absorption onset of these
TiO; crystalline structures. The anatase contribution of P25 can be masked by the rutile absorption. For all samples, the
short-wavelength Gaussian main component peaks close to the optical band-gap wavelength of the naked
semiconductors (see Figure S6). A direct photosensitization mechanism based on optical electron transfer (OET) from
the valence band of TiO; to chemisorbed Cr(VI) species (e.g., optically-allowed band-to-molecule charge transfer, VB
— Cr"") can be proposed, in agreement with similar systems where a strong electronic coupling of chemisorbed species
is observed [8]. The OET mechanism is in line with the apparent correlation between the short-wavelength Gaussian
main absorption component and the optical band-gap of the support. A band alignment of anatase and rutile TiO; placed
the VB of rutile above (0.39 - 0.47 eV) the VB of anatase [9], thus predicting a red-shifted VB — Cr"! absorption band
for the rutile-Cr(VI) complexes compared with the anatase-Cr(VI) complexes, with shifts in the order of the optical
band-gap differences of the naked supports (~0.2 eV, see Figure S6). However, Kuncewicz ef al. [10] suggested that a
ligand-to-metal (O™ — Cr") charge transfer excitation of adsorbed chromate(VI) species on TiO, (broad UV-visible
LMCT absorption band) leads to a Cr¥-O™ excited species, followed by hole transfer from the excited Cr(VI) species
to the VB (VB — O7') that prevents, to some extent, Cr¥ — O™ charge recombination. Investigating whether this
apparent correlation reflects the direct excitation of charge-transfer states between the adsorbed Cr(VI) and TiO, energy
bands, or if results from the absorption of Cr(VI)-TiO, complex masked by the intense support absorption above its
band-gap, requires thorough quantum-chemical calculations, which are out of the scope of the present work.
Nevertheless, results point to the occurrence of a strong interaction between Cr(VI) and the surface of the catalysts,
most probably in the form of a CT complex.

S5. Cr(VI) Adsorption Equilibria over The Different TiO, Samples

Adsorption isotherms calculated from mass balance of Cr(VI) in solution (A[Cr(VI)]) and from the concentration
of the Cr(VI)-TiO, complex measured by diffuse reflectance are compared in Figure S7.
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Figure S7. Compared calculated saturation degrees () of Cr(VI) adsorption equilibrium on (a) P25, (b) UV100, (¢) PC50, and (d)
rutile, calculated from the difference between the concentrations of the initial and the equilibrated solutions (A[Cr(VI)[/A[Cr(VI)]sat,
filled symbols) and from the remission functions of the dry solids (F(R)/F(R)max, open symbols). Inset: same data in the 0-20 uM
range for P25, UV100 and PC50, and 0-1.5 uM range for rutile.
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S6. Comparison between The Pseudo First-Order and The Mixed Zero- + First-Order Models for The
Photocatalytic Reduction of Cr(VI) over The Different TiO, Samples

() ® P25
0.8 1 L

0.6

0.4 A

[Cr(VDI/[Cr(VD]q

0.2 A

0.0 . . e . . ;
0 5 10 15 50 100 150 200 250 300

Time, min

Figure S8. Temporal profile of normalized Cr(VI) concentration for the photocatalytic reduction over P25, UV100 and PC50.
Initial conditions: [Cr(VI)]o = 0.8 mM, pH 2. Photon flux per unit volume incident on the wall of the cell (¢%/V): 7.8 peinstein s7!
L~!. Full lines are pseudo first-order fittings (Equation (S4)), dashed lines are mixed zero- + first-order fittings (Equation (S5)).

As can be appreciated, Cr(VI) decays are roughly first order (Equation (S4)), although a contribution from zero
order is noticed in all cases (Equation (S5)).

[Cr(VD]  _  —kcreynxt
[Cr(VD]eq,0 ¢ (S4)
[cr(vD)] —K crvmXt
= A X Cr(VI) — X
[Cr(VD]eq,0 Axe *F ko t >

In Equations (S4) and (S5), [Cr(VID)]eqo is the Cr(VI) concentration in the aqueous phase after the equilibrium
concentration was reached, kcxviy and & ‘cyvr) are pseudo first-order kinetic constants, kj is the zero order kinetic constant,
and A4 and B represent the fractional contribution of the first and zero-order processes, respectively, to the Cr(VI)
reduction. Cr(VI) evolution in Figure 4 indicates that the contribution of the pseudo first-order process is more
significant at initial times, while at longer times the zero-order process becomes dominant. This kinetic model has been
observed previously for Cr(VI) photocatalytic reduction on supported TiO, [11]. This behavior is opposite to the
Langmuir-Hinshelwood model, where initially the reaction rate is almost zero order as it is independent of concentration
in solution; only when the product of the adsorption constant K; and the bulk concentration of the studied pollutant is
below 1, the reaction behaves as first order. The fitting parameters of the results of Figure S8 to Equations (S4) and (S5)
are shown in Table S2.

Table S2. Fitting parameters of Equations (S4) and (S5) taken from Figure S8.

Equation kcrvn % 10° R
(S4) (min™)
P25 39+2 0.991
Uv100 11+1 0.984
PC50 8.6 0.6 0.977
Equation K crovry x 10° ko x 103 5
A B R
(S5) (min™) (min™")
P25 58+8 5+1 0.63 £0.03 0.37 £0.02 0.993
Uuvi100 13+£3 0.8+0.3 0.82+0.03 0.18+0.07 0.985
PC50 8.4+0.9 1.2+0.1 0.74 £0.02 0.26 +£0.02 0.993
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Data of Table S2 indicate that, for the three photocatalyst, the pseudo first-order process is the more significant
contributor to Cr(VI) removal. Only for PC50, a significant increase in R*> was obtained when using Equation (S5),
which has four fitting parameters, instead of the simpler (only one parameter) Equation (S4). For P25, the value of
k’crevry obtained with Equation (S5) is higher than kcyvi) obtained with Equation (S4), but when pondered with the 4
parameter (kcxviy X A), the obtained value is almost the same. P25 shows the higher kinetic constants for both zero- and
first-order processes, reflecting the higher photocatalytic activity of this sample, while for UV100 the pseudo first-order
process is more significant than for PC50.
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