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Salicylic Acid Boosts the TiO, and ZnO-Mediated Photodegradation of Paracetamol
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Titanium dioxide (TiO,) and zinc oxide (ZnO) are among the most used catalysts in photodegradation.
Paracetamol and salicylic acid are widely used as pharmaceutical drugs. We found that paracetamol is
less susceptible to photodegradation compared to salicylic acid. From a chemical perspective, this was
not expected since paracetamol is more vulnerable to chemical oxidation. Aiming the comprehension of
this phenomenon, studies were performed comparing the efficiency of photodegradation of paracetamol
versus salicylic acid and acetophenone versus 4-aminoacetophenone. The presence of amino/amide
group decreased the efficiency of degradation significantly. It was also found that salicylic acid improved
the degradation of paracetamol when both compounds were present in the reaction medium. The lower
efficiency of photodegradation of the amino-based compounds seems to be related to the deactivation
of the excited states of the TiO, and ZnO. Theoretical calculations at the TD-PBE0/6-311++G(3df,2p)
high level were performed and corroborated our proposal.
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1. Introduction

Photodegradation catalyzed by nanostructured semiconductors
is an efficient and inexpensive methodology widely used
to degrade chemicals and pharmaceuticals in aqueous
medium'3. As such, this procedure has been extensively
studied for wastewater treatment, aiming at the elimination
of organic contaminants that cannot be removed from the
environment via conventional wastewater treatment plants*®.
The decomposition is provoked by intensive oxidation via
reactive oxygen species (ROS) produced by the interaction
of the photoexcited semiconductor with water. Among the
ROS produced in the process, hydroxyl radical (HO¢) has
been argued as the most effective one, being responsible
by hydrogen abstraction and/or direct electrophilic attack
on aromatic moieties, which are usually present in the
pollutants and pharmaceuticals”'3. After that, a cascade of
oxidative reactions takes place leading to partial or total
mineralization of the chemicals. The generation of HO*
occurs by electron transfer from water or hydroxyl anion to
the photogenerated hole (h*) in the semiconductor surface
and the energy comes from radiation in the UV-Vis range,
depending on the bandgap of the material'*'¢, In this concern,
nanostructured titanium dioxide (TiO,) and zinc oxide
(ZnO), pure or doped, are among the most used catalysts
in photodegradation studies'*'*'®. According, the literature
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brings more than 65.000 papers in the last 5 years using the
entries TiO, or ZnO and photodegradation (Web of Science).

Once HO- is one of the most powerful oxidants',
it can be supposed that any aromatic-based chemical is
potentially susceptible to degradation when submitted to
the aforementioned process. Also, it could be expected
that as easily oxidizable is a chemical as efficient should
be its degradation. However, this does not seem the case.
Here, using the same experimental condition, we found that
paracetamol was less susceptible to photodegradation compared
to salicylic acid. Following the above rationalization, this
behavior should not be expected since paracetamol is more
susceptible to chemical oxidation than salicylic acid. The
same behavior was observed by comparing acetophenone with
4-aminoacetophenone. From these findings, an explanation
was proposed based on the deactivation of excited states of
the semiconductors.

2. Materials and Methods

2.1. Chemicals

Salicylic acid, paracetamol, acetophenone,
4-aminoacetophenone, 2,2-diphenyl-1-picrylhydrazyl
radical (DPPH), hydrogen peroxide (H,0,), titanium (IV)
oxide (TiO,, brookite, nanopowder 50-100 nm), titanium
(IV) oxide (TiO,, Aeroxide® P25, nanopowder 21 nm), zinc
oxide (ZnO, wurtzite, nanopowder < 50 nm) and iron(IL, I1I)
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oxide (Fe,O,, nanopowder, 50-100 nm) were purchased
from Sigma-Aldrich Chemical Co. (St. Louis, MO, USA).
Stock solutions of the studied compounds (10 mmol L)
were prepared in ethyl alcohol.

2.2. Photodegradation studies

The reactions were performed on a magnetically stirred
suspension (25 mL) containing the studied compounds
(100 pmol L") and the nanostructured metal oxides (10 mg)
in ultrapure Milli-Q® water. The irradiations were performed
using UVA or UVC lamps (model T5, potency 12 W, base
G35, China). The temperature was controlled using a water
circulation bath (25°C), and irradiation was carried out over
the reactor. Aliquots of the suspension (1.5 mL) were removed
at 30 min intervals and centrifuged at 4000 rpm for 10 min
before UV-Vis spectrophotometry (Perkin Elmer Lambda 35
UV-visible spectrophotometer (Shelton, CT, USA) and/or
high-performance liquid chromatography (HPLC) analysis
(HPLC, Jasco, Tokyo, Japan). The concentrations of the
studied compounds were evaluated by light absorption at
wavelengths of maximum absorbance or peak area in the HPLC
analysis, which were carried out under isocratic conditions
on a Luna® C18 reversed-phase column (Phenomenex,
250 x 4.6 mm, 5 um). The mobile phase was constituted
by solvent (A) 0.1% aqueous formic acid and solvent (B)
0.1% formic acid in methanol. For salicylic acid, the mobile
phase composition was 30:70 (A: B) and paracetamol 15:85
(A: B). The flow rate was 1 mL min™'. The UV-Vis detector
was set at 254 nm.

2.3. Degradation with H,O /hv

Hydrogen peroxide (10 mmol L) was incubated with
the studied compounds (100 umol L") and submitted to
UVC irradiation. Samples (1.5 mL) were removed at 30 min
intervals and centrifuged at 4000 rpm for 10 min before
UV-Vis analysis as described above.

2.4. DPPH scavenging assay

The ethanolic solution of DPPH (100 pumol L) was
incubated with increasing amounts of the studied compounds
for 30 min in the dark. The scavenging activity was evaluated
spectrophotometrically at 517 nm using the absorbance of
unreacted DPPH radical as control and was calculated as
follow: % Scavenging = (A—B)/A) x 100. A: absorbance of
DPPH in the absence of the studied compounds; B: absorbance
of DPPH in the presence of the studied compounds. From the
analytical curve (% scavenging versus concentration of the
studied compound), the effective concentration to reduced
50% of DPPH (EC50) was obtained®.

2.5. Theoretical Studies

The calculations and structure optimization for ground
states were performed at the density functional theory (DFT)
levels at the PBEO exchange and correlation functional
along with the 6-311++G(2d,p) basis sets. Third-order
Grimme’s empirical dispersion correction (GD3) in
combination with the Becke-Johnson dumping (BJ) and the
continuum solvation model SMD (for implicit water solvent)
were included in all calculations. Harmonic vibrational
frequencies were calculated for ground states to ensure is
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a stationary point (minimum or transition state). Normal
mode analysis of the stationary point of the initial and final
molecular structures provides only real frequencies. Single
point energies were obtained at the PBE0/6-311++G(3df.2p).
Singlet excitation energies from Time-Dependent Density
Functional Theory (TD-PBE0/6-311++G(3df,2p))
were calculated for the first 15 excited electronic
states at ground state molecular geometries (vertical process).
All calculations were carried out using the Gaussian 16
program?'. The electronic energies and optimized molecular
geometries of all molecular systems are depicted in
Supplementary Material (Tables S1 to S8).

The reactants and products were calculated at the ground
state, considering the multiplicity duplet for the oxygen
atoms on paracetamol and salicylic acid. The reaction
energy barrier, AE, was obtained considering the difference
between the energies of the reactants: the paracetamol (E1)
and the salicylic acid radical (E2), and the energies of the
products: the salicylic acid (E3) and paracetamol radical
(E4) according to Equation 1.

AE =(E1+ E2)-(E3+E4) )

The paracetamol molecule was considered as charge
and multiplicity equal to zero and 1 (singlet) respectively,
and the charge on the salicylic acid was set as equal to -1
due to the ionized nature of this molecule in the pH used
in the experimental setup; the multiplicity of this molecule
was et equal to 1 (singlet). Both calculations were done in
the ground state.

3. Results and Discussion

Considering that the anodic peak potential of salicylic
acid (Epa = 0.94 V)* is higher than the paracetamol
(Epa = 0.77 V)%, it should be expected, the last one as
more susceptible, or at least, similar to salicylic acid when
submitted to photodegradation. In fact, as well-established, the
oxidability increase as the Epa value decreases®. However,
an unexpected behavior was observed when these compounds
were submitted to TiO,-mediated photodegradation. The results
depicted in Figure 1 show that salicylic acid was degraded
at least three-fold faster compared to paracetamol. For both
drugs, the degradation profile suggests mineralization, as can
be concluded by the UV-Vis spectra, which decreased without
the appearance of new bands. The same conclusion can be
reached by analyzing the solutions by liquid chromatography,
where new peaks of intermediates were detected in the first
measurements and degraded in the final process (Figure S1).
In agreement, mineralization of salicylic acid and paracetamol
has been described, and their mechanism of mineralization is
initiated by the attack of photogenerated HOe on the target
compounds®%,

Looking for an explanation for these findings, several
experiments were performed by changing the variables in
the photodegradation process. The first one was the light
source. The theoretical concept was that by acting as a light
filter, the dissolved drug could decrease the light penetration
in the solution and, consequently, the photoexcitation in the
TiO, surface. UVC has its emission below 280 nm and UVA
in the range of 320-400 nm. Paracetamol has an absorption
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Figure 1. UVC-promoted degradation of (a) paracetamol (100 pmol L)
and (b) salicylic acid (100 pmol L") catalyzed by TiO, (10 mg) in
the aqueous medium (25 mL) at 25°C. The results (c) are expressed
as means and SD of three experiments.

band centered at 240 nm, while salicylic acid absorbs at
295 nm (Figure 1). Therefore, if present and relevant, the
light filter effect elicited by salicylic acid and paracetamol
must be different for both light sources, and it could explain
the results. However, irrespective of the light source (UVA
or UVC), salicylic acid degradation was always higher than
paracetamol (Figure S2). These results suggest the light filter
effect was not responsible for the findings described here.
Another parameter studied was the constitution of the
nanostructured material. In this case, TiO, P25, which was
used throughout the study, was substituted by TiO, brookite
(nanopowder, 50-100 nm), ZnO wurtzite (nanopowder,
<50nm), and Fe,0, (nanopowder, 50-100 nm). The results
in Table 1 show that, independently of the catalyst, the lower

Table 1. Photodegradation of salicylic acid and paracetamol.

Catalyst Degradation (pmol L™')*
Salicylic acid Paracetamol
TiO, (P25) 81.2+6.8 49.6 £4.6
44+1.5° 2.5+ 1.4°
ZnO (wurtzite) 249+2.1 125+1.3
0.9 0.1°
TiO, (brookite) 84.9+2.0 29.7+79
Fe,O, 304+1.0 152+2.1

* Degradation of the pharmaceuticals after 5 hours of UVC irradiation;
®Without irradiation. The results are the means and SD of three experiments.

efficiency of degradation of paracetamol was always observed.
In short, the higher efficiency of degradation of salicylic acid
does not rely on the specific chemical, morphological, or
crystalline features of the semiconductors. Experiments with
TiO, and ZnO were also performed in the absence of light.
How it can be seen, the consumptions were significantly lower,
and the difference between salicylic acid and paracetamol
was subtle (Table 1). These results suggest that a putative
higher adsorption capacity for salicylic acid cannot be the
main factor contributing to its higher degradation efficiency.

The next step was to investigate whether the difference in
the efficiency of degradation could be related to the intrinsic
chemical reactivity of salicylic acid and paracetamol. It is
worth noting that the reactivity of aromatic compounds with
HO¢, a powerful oxidant, and electrophilic species, increases
in the presence of hydroxyl substituents, i.e., electron-donor
groups, which are present in salicylic acid and paracetamol.
On the other hand, electron-withdrawing groups decrease
reactivity!>?*?’, In our study, the carboxylate group in
salicylic acid is a strong electron-withdrawing group, and
the amide in paracetamol, a moderated one. In short, from
these well-established chemical features, it could be supposed
that paracetamol should be more susceptible to oxidation
mediated by HOe, or at least, similar to salicylic acid. This
conclusion is also consistent with the lower Epa value
(0.77 V) of paracetamol compared to salicylic acid (0.93 V).
Indeed, the oxidizability of phenolic compounds increases as
their anodic peak potential decreases®?**. To evaluate this
chemical feature, the reactivity of the studied compounds
was tested regarding their efficacy as reducing agents in
the DPPH scavenging assay. DPPH is a stable free radical,
and its reduction is related to the oxidability of the studied
compounds®. The results depicted in Figure 2a confirmed
our expectation since 91 uM of paracetamol scavenged 50%
of DPPH (EC, ), while salicylic acid at 300 pM did not reach
the 50% reduction. In short, these results are consistent with
the higher oxidability of paracetamol compared to salicylic
acid. Therefore, the results obtained by photodegradation
are not compatible with the expected oxidability of salicylic
acid and paracetamol.

The photodegradation of chemicals and pharmaceuticals
mediated by nanostructured metal oxide semiconductors
relies on the generation of HOe through water oxidation at
the material surface”'3. Aiming to compare the reactivity of
salicylic acid and paracetamol with HOe in the absence of
the semiconductors, the degradation of the compounds was
evaluated using H,0,/hv as a source of HO«. This approach
is based on the homolytic cleavage of the peroxide bond of
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Figure 2. Oxidability of the salicylic acid and paracetamol evaluated
by (a) DPPH scavenging and (b) reactivity with HOe generated
by H,O,/hv in the absence of nanostructured semiconductors. The
results (c) are expressed as means and SD of three experiments.

H,0,**. Figure 2b shows that using H,0_/hv as a source of
HOe, both salicylic acid and paracetamol were efficiently
degraded, and no significant difference was observed. From
these results, it can be concluded that the lower efficacy
in the photodegradation of paracetamol in the presence of
nanostructured materials cannot be explained by its oxidability
and/or reactivity with HOe. Therefore, the putative explanation
must rely on the process of photoexcitation.

Aiming to comprehend the unexpected behavior
of paracetamol, i.e., the lower reactivity compared to
salicylic acid by photodegradation, additional experiments
were performed with both pharmaceuticals in the same
solution. In other words, in this experimental approach, the
compounds should compete by the photogenerated HO-.
The results were totally unexpected since an inversion in the
reactivity of the pharmaceuticals was observed. As depicted
in Figure 3a, the presence of salicylic acid increased the
efficiency of paracetamol degradation. On the other hand,
the degradation of salicylic acid itself was reduced by the
presence of paracetamol (Figure 3b). It is worthy of note that
to avoid bias due to spectra superposition, the consumption
of salicylic acid and paracetamol were measured by liquid
chromatography (Figure S3).

The increased reactivity of paracetamol in the presence
of salicylic acid suggested an interaction between these
molecules during photodegradation. To understand this
interaction, additional experiments were performed increasing
the concentration of salicylic acid (0-200 umol L) and
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keeping constant paracetamol (100 pumol L). Figure 3¢
confirmed our expectation since the efficiency of paracetamol
degradation was dependent on salicylic acid concentration.

The results depicted in Figure 3 suggest that salicylic
acid boosted the degradation of paracetamol. This effect of
salicylic acid was not only observed using TiO,. The same
behavior was obtained using ZnO. In this case, after § h, the
degradation of paracetamol was 33.4 umol L' in the absence
and 47.1 pmol L' in the presence of salicylic acid. On the
other hand, the degradation of salicylic acid decreased from
50.4 pmol L' in the absence to 21.1 umol L in the presence
of paracetamol (Figure S4). In short, the boosting effect of
salicylic acid on paracetamol degradation is not dependent on
the semiconductor. To clarify these findings, the paracetamol’s
oxidation was also performed using H,0,/UVC as a source
of HO- in the presence and absence of salicylic acid. The
results depicted in Figure S5 confirmed the expectation since
the addition of salicylic acid in the reaction medium also
promoted increased oxidation of paracetamol.

Aiming an explanation for the experimental findings,
the following points are summarized:

1. 1) The lower reactivity of paracetamol was not related
to its chemical properties, i.e., general oxidability
and specific reactivity with HOe;

2. ii) Considering that the phenomenon was observed
in different nanostructured oxides (TiO,, ZnO, and
Fe,0,) and that the adsorptions of salicylic acid
and paracetamol were not significantly different;
surface phenomena does not explain the findings;

3. iii) Salicylic acid boosted the degradation of
paracetamol, and its consumption was decreased. It
is essential to emphasize that, alone, salicylic acid
was more susceptible to degradation.

From these findings, it can be proposed that the lower
efficacy in paracetamol degradation might be related to
a decreased photoexcitation efficiency when this drug
was present in the medium. A putative explanation is the
quenching of the excited state of the semiconductors by
paracetamol. Pursuing this proposal, the energetic feasibility
of energy transfer from 1* electronic excited state TiO,,
ZnO, and Fe O, to paracetamol and salicylic acid were
calculated and compared. How it can be seen, the energy
transfer from the excited TiO, to paracetamol would be an
exothermic process (-16.94 kJ/mol) (Equation 2). Oppositely,
the energy transfer to salicylic acid would be unfavorable
(14.24 kJ/mol) (Equation 3). In short, paracetamol interaction
with excited TiO, could promote its deactivation and,
consequently, decrease photodegradation efficiency. The
same tendency was obtained for ZnO and Fe,O,. In these
cases, both salicylic acid and paracetamol would lead to
exothermic photophysical processes, but the interactions
with paracetamol were still more favorable. Eqs 2-13 show
the energetic profile for the interactions among the studied
compounds and the excited state of the semiconductors. In
these equations, PCT (paracetamol), SAA (salicylic acid),
ACP (acetophenone), and AACP (4-aminoacetophenone).

TiOy *+ PCT — > TiO, + PCT * AE=-16.94 kJ /mol ~ (2)
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Figure 3. Simultaneous TiO,-mediated photodegradation of salicylic acid (SAA) and paracetamol (PCT). (a) Photodegradation of SAA
in the absence (black line) and presence (red line) of PCT. (b) Photodegradation of PCT in the absence (black line) and presence of SAA
(red line). (c) Photodegradation of PCT in the presence of an increasing concentration of SAA. Reactions catalyzed by TiO, (10 mg) in
the aqueous medium (25 mL) at 25°C.

Ti0, *+ SAA— > TiO, + SAA*

ZnO* + PCT —> ZnO + PCT*

ZnO* + SAA —> ZnO + SAA*

FeyO4* + PCT ——> Fe304+ PCT*

Fey04* + SAA —> Fe304 + SAA*

TiOy* + AACP ——> TiOy + AACP*

TiOy * + ACP —> TiO, + ACP*

ZnO* + AACP— > ZnO+ AACP*

ZnO* + ACP —> ZnO + ACP*

Fe304* + AACP— > FeyO4 + AACP*

Fe304* + ACP —> Fe;04 + ACP*

AE =14.24 kJ / mol 3)
AE =—101.42 kJ / mol “4)
AE = =7023 kJ /mol  (5)

AE =-127.33 k7 /mol  (6)
AE = -96.14 k7 /mol ()
AE = 34.42 kJ /mol ®)
AE = 53.11kJ/mol (9)
AE = —50.05 kJ / mol (10)

AE = -31.35kJ / mol (11)

AE = 7596 kJ /mol (12)

AE = -57.27 kJ /mol (13)

This proposal could also explain the boosting effect of
salicylic acid on paracetamol degradation. By competing with
paracetamol, salicylic acid would decrease the deactivation
of excited semiconductors by paracetamol. Indeed, as we
have demonstrated, the effect of salicylic acid on paracetamol
degradation was concentration-dependent (Figure 3c), which
is consistent with the interaction between these molecules.

As we also demonstrated, the increased degradation of
paracetamol was also accompanied by a decrease in salicylic
acid degradation. Hence, an energetically feasible reaction
must take place between these species. This proposal was
theoretically evaluated by the simulation of the reaction
between salicylic acid free radical, a presumed initial species
generated during photodegradation, with paracetamol. The
computer simulation was performed at the DFT level of theory
using the B3LYP hybrid functional and the 6-311+G(3df,2p)
basis set. The computational model of the reactants consisted
of paracetamol plus salicylic acid molecules calculated at
the same time with charge and multiplicity equal to zero
and two (duplet), respectively. The same methodology was
used for the optimization of the products. The duplet was
assigned due to the unpaired electron located at the oxygen
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Figure 5. UVC-promoted degradation of (a) acetophenone (ACP,
100 pmol L) and (b) 4-aminoacetophenone (AACP, 100 pmol L)
catalyzed by ZnO (10 mg) in aqueous medium (25 mL) at 25°C. The
results (c) are expressed as means and standard deviations of three
experiments.

atom of salicylic acid under the reactant side and in the
oxygen atom of the paracetamol on the product side. How
it can be observed, the reaction is energetically possible and
could explain the boosting effect of salicylic acid (Figure 4).

The previous results raised the possibility that the
amino/amide groups could be responsible for the low
reactivity of paracetamol compared to salicylic acid.
Thus, seeking additional evidence, comparative studies
were performed with the compounds acetophenone versus
4-aminoacetophenone. Acetophenone is a pollutant, and
studies about its photodegradation have been reported'3!-32,
On the other hand, 4-aminoacetophenone was never
studied in this context, but the presence of the amino group
makes this compound more susceptible to oxidation and
electrophilic attack'*?¢. Therefore, it should be expected
4-aminoacetophenone as more reactive, or at least similar
to benzophenone. Indeed, the presence of the amino group
in aromatic compounds increased, at least two-order of
magnitude, the reaction rate constant with HOe in chemical
studies®*. However, here, in the presence of nanostructured
oxides, the results were the opposite. How it can be seen,
the presence of the amino group provoked a decrease in the
efficiency of degradation for both Zn0 (Figure 5) and TiO,
(Figure S6). Corroborant with thermodynamic calculations
for paracetamol versus salicylic acid (Equations 8-13),
4-aminoacetophenone would be more efficient in deactivating
the excited states of the semiconductors than acetophenone.

4. Conclusions

As far as we know, this is the first demonstration of a
reaction between two drugs during the photodegradation
process mediated by nanostructured semiconductor oxides.
It was demonstrated that salicylic acid could increase
the degradation of paracetamol and, consequently, be
partially recycled. It was also shown that the presence
of the amino/amide group in the studied molecules was
responsible for the lower susceptibility to degradation, as
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demonstrated to paracetamol and 4-aminoacetophenone.
The computational studies indicated that the deactivation of
the excited state of the semiconductors by paracetamol and
4-aminoacetophenone could explain the lower reactivity of
these molecules. In conclusion, this study opens new concepts
regarding the chemical features of molecules subjected to
photodegradation. These findings can be considered in
photodegradation studies and their application to eliminate
pharmaceuticals and chemicals of wastewaters.
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at [PBE0/6-311++G(2df,p) + GD3BJ] level of theory in
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obtained at [PBE0/6-311++G(2df,p) + GD3BJ] level of
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Table S4 - Cartesian Coordinates (in A) of PCT obtained
at [PBE0/6-311++G(2df,p) + GD3BIJ] level of theory in
water solvent using SMD model.

Table S5 - Cartesian Coordinates (in A) of TiO2 obtained
at [PBE0/6-311++G(2df,p) + GD3BJ] level of theory in
water solvent using SMD model.

Materials Research

Table S6 - Cartesian Coordinates (in A) of ZnO obtained
at [PBE0/6-311++G(2df,p) + GD3BJ] level of theory in
water solvent using SMD model.

Table S7 - Cartesian Coordinates (in A) of Fe304 (singlet
electronic state) obtained at [PBE0/6-311++G(2df,p) +
GD3RBI] level of theory in water solvent using SMD model.

Table S8 - Electronic energies (in Hartree) of all
molecular systems obtained at [PBE0/6-311++G(3df,2p) +
GD3BJ] level of theory in water solvent using SMD model.

Figure S1 - HPLC analysis of the degradation of salicylic
acid and paracetamol. UVC-promoted degradation of (a)
salicylic acid (100 pmol L-1) and (b) paracetamol (100 pmol
L-1) catalyzed by TiO2 (10 mg) in the aqueous medium
(25 mL) at 25°C. See the Material and Methods section for
details of the liquid chromatography experimental conditions.

Figure S2 - UVC versus UVA as light sources for
degradation of salicylic acid (SAA) and paracetamol (PCT).
Paracetamol (100 umol L-1) and salicylic acid (100 pmol
L-1) catalyzed by TiO2 (10 mg) in the aqueous medium
(25 mL) at 25°C.

Figure S3 - HPLC analysis of simultaneous degradation
of salicylic acid and paracetamol. (a) Study of the degradation
of salicylic acid (alone). (b) Analysis of the degradation of
salicylic acid in the presence of paracetamol. (c) Analysis
of the degradation of paracetamol (alone). (d) Analysis of
the degradation of paracetamol in the presence of salicylic
acid. Paracetamol (100 pmol L-1) and salicylic acid (100
umol L-1) catalyzed by TiO2 (10 mg) in the aqueous medium
(25 mL) at 25°C.

Figure S4 - Simultaneous ZnO-mediated photodegradation
of paracetamol (PCT) and salicylic acid (SAA). (a)
Photodegradation of PCT in the absence (black line) and
presence (red line) of SAA. (b) Photodegradation of SAA
in the absence (black line) and presence of PCT (red line).
Reactions catalyzed by ZnO (10 mg) in the aqueous medium
(25 mL) at 25°C.

Figure S5 - Degradation of paracetamol (PCT) by HO-
generated by H202/hv in the absence of nanostructured
semiconductors. The reactions were conducted in the absence
and presence of salicylic acid (SAA).

Figure S6 - UVC-promoted degradation of acetophenone
(ACP, 100 pmol L-1) and 4-aminoacetophenone (AACP,
100 umol L-1) catalyzed by TiO2 (10 mg) in the aqueous
medium (25 mL) at 25°C. The results are expressed as means
and SD of two experiments.
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