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Nonradical oxidation has received wide attention in advanced oxidation processes for environmental re-
mediation. Understanding the relationship between material characteristics and their ability to initiate
nonradical oxidation processes is the key to better material design and performance. Herein, a novel
titanium-based metal-organic framework MIL-125-Ti/H,0, system was established to show a highly selec-
tive degradation efficacy toward tetracycline antibiotics. MIL-125-Ti with the abundance of TiOg octahedra
units was found to effectively activate H,0, under dark conditions by forming an oxidative Ti-peroxo
complex. The presence of the Ti-peroxo complex, confirmed by UV-visible spectrophotometer, fourier
transform infrared spectroscopy, and X-ray photoelectron spectroscopy characterizations, showed supe-
rior degradation (>95% removal rate) of oxytetracycline hydrochloride (OTC), doxycycline hydrochloride,
chlortetracycline hydrochloride, and tetracycline. Density functional theory calculations were performed
to assist the elucidation on the mechanism of H,0, activation and antibiotics degradation. The MIL-125-
Ti/H,0, system was highly resistant to halogens and background organics, and could well maintain its
original catalytic activity in actual water matrices. It retained the ability to degrade 75% of OTC within
ten test cycles. This study provides new insight into the nonradical oxidation process initiated by the
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unique Ti-peroxo complex of Ti-based MOF.
© 2024 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Both radical and nonradical-based advanced oxidation processes
(AOPs) possess unique advantages in removing toxic and recalci-
trant organic pollutants. Reactive oxygen species (ROS) produced
in typical radical-based AOPs, such as hydroxyl radicals (*OH), sul-
fate radicals (SO4"~), and superoxide anion radicals (*O,7), play
an important role in organic pollutants degradation [1,2]. How-
ever, these processes are challenged by interfering factors, includ-
ing the varying pH, the background organics, and inorganics [3,4].
In this regard, the nonradical oxidation pathways have shown clear
advantages, especially in complex environments where radical-
quenching species are ubiquitous [5,6].

Although transition metal-based catalysts have been a focus to
achieve nonradical oxidation, some of them (e.g., Co304, CuO, ZnO)
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might cause unwanted hazardous effects due to the heavy metal
content or experience compromised catalytic performance caused
by the hydrolysis of metal ions (such as Fe3*) within the catalyst
[7-9]. In contrast, titanium-based catalysts have clear advantages
of excellent biocompatibility and abundant natural reserves [2,10].
Previously, hollow TS-1 zeolites in combination with H,0, were
explored in organic synthesis for selective oxidation reaction pro-
cesses [11]. It was intriguing to see that the Ti(IV) center reacted
with H,0, to form active intermediates, i.e. Ti-peroxo complexes
(Ti-O-0-H) and these Ti-peroxo complexes exhibited strong oxida-
tion abilities [12,13]. Such a nonradical oxidation pathway initiated
by Ti-peroxo complexes could result in a novel degradation strat-
egy toward organic pollutants.

The typical titanium-based catalysts contain a variety of Ti
species, including TiO4 species [14,15], TiOs species [16], TiOg
species [17-19], and anatase [20]. Generally, Ti species with higher
coordination states have higher oxidation ability. The higher ac-
tivity of TiOg species compared to TiO4 species is mainly due
to the lower steric hindrance of their Ti-peroxo transition state,
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which makes it more favorable for catalyzing the oxidation pro-
cess [17,21,22]. However, the presence of multiple titanium species
would limit the effectiveness of their catalytic performance [23].
In addition, the ability of the Ti-peroxo complexes formed by the
interaction with H,0, and the quantity of Ti metal sites were two
other factors determining the efficiency of the catalytic oxidation
reaction [24]. Thus, it is reasonable to speculate that a titanium-
based catalyst with as many TiOg species as possible and a high
content of titanium metal sites would exert excellent catalytic ac-
tivities.

A metal-organic framework (MOF) known as MIL-125-Ti is com-
posed of Ti and terephthalic acid, where Ti exists in the form
of hexa-liganded TiOs(OH) (MIL stands for Material from Institut
Lavoisier) [25]. In addition, MIL-125-Ti has typical characteristics
of metal-organic frameworks, including pore properties, high sur-
face area, a significant content of metal sites (usually well-defined
clusters), and spatially homogeneous distribution [26]. MIL-125-Ti
was previously shown to catalyze H,0, to achieve selective oxida-
tion of alkylphenols due to the existence of well-defined titanium
oxo-hydroxo clusters [27]. It was suggested that the reaction of
H,0, and MIL-125-Ti occurred on the surface of the catalyst rather
than in the solution [28]. These studies revealed that the reaction
between MIL-125-Ti and H,0, could generate interfacial oxidative
species, but the catalytic behavior and mechanism characteristics
in aqueous phase conditions warrant further investigations.

Against this background, we set out to explore the forma-
tion and oxidation capacity of Ti-peroxo complexes in a MIL-125-
Ti/H,0, system. The Ti-peroxo complexes formed by MIL-125-Ti af-
ter reacting with H,O, were characterized by UV-vis, FT-IR, and
XPS. The degradation of the antibiotic oxytetracycline hydrochlo-
ride (OTC) was used to measure the oxidative capacity of the gen-
erated Ti-peroxo complexes. The non-radical mechanism for the
generation of the Ti-peroxo complexes was verified by scavenging
and EPR characterizations. Different anions concentrations, pH lev-
els, and organic matter concentrations were considered while ex-
amining the impact on antibiotic removal. Furthermore, the sys-
tem was tested for its effectiveness and selectiveness toward other
tetracycline antibiotics, including tetracycline, chlortetracycline hy-
drochloride, and doxycycline hydrochloride.

The reagents, material preparation, and experimental proce-
dures were described in Texts S1-S8 (Supporting information). The
XRD pattern of the synthesized MIL-125-Ti confirmed that MIL-
125-Ti was successfully prepared with a 3D reticular analogue of
the TiOs(OH) structure (Fig. 1a) [25]. The XRD peak at 13.5°, clas-
sified as a (202) crystallographic plane, was one of the features
of MIL-125-Ti with {001} facets. The representative SEM images
showed that MIL-125-Ti exhibited a truncated octahedral morphol-
ogy with co-exposed {001} and {111} crystal faces (Fig. 1b) [29].
Nitrogen adsorption-desorption experiments were used to exam-
ine the specific surface area and pore size distribution of MIL-125-
Ti. As shown in Figs. 1c and d, the BET surface area of MIL-125-Ti
was 1414.88 m?/g and the average pore size (calculated by the BJH
method) was 4.62 nm. The isotherm distribution showed a hystere-
sis loop isotherm with no obvious saturation plateau, with micro-
porous and mesoporous characteristics.

Prior to the reaction with H,0,, MIL-125-Ti displayed a shoul-
der band at 275-300 nm in its UV-vis diffuse reflectance spectra
(Fig. 1e), which corresponded to the O 2p— Ti 3d charge transi-
tion in the Ti octahedral unit [30]. Another band centered at 230
nm was attributed to the w-7* transition of the terephthalic acid
(BDC) ligand. After reacting with H,0,, the powder form of MIL-
125-Ti showed a clear color change, from white to yellow (Fig.
1le, inset). In the absorbance spectra, additional distinct absorption
profiles were observed in the range of 370-500 nm, suggesting the
presence of an 0-O fraction in the Ti*t center, an indicator of the
presence of the Ti-peroxo complexes (Ti-OOH) [31,32].
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FT-IR spectroscopy was used to confirm the differences between
the functional groups on the surface of MIL-125-Ti before and after
reacting with H,0, (Fig. 1f). The peaks at 1587 cm~!, 1536 cm!,
and 1407 cm~! were skeletal vibrations of the benzene ring. These
peaks produced varying degrees of shift, resulting from the coor-
dination of functional groups such as carboxylates on the benzene
ring backbone to the Ti-oxo clusters in the metal-organic frame-
work [33]. The band in the 400-800 cm~! region was assigned to
the O-Ti-O stretching vibration peak of the [TiOg] ligand [25,34].
The absorption peak at 751 cm~! was assigned as Ti-O stretch-
ing, which exhibited three small absorption peaks after the H,0,
treatment. These three absorption peaks mainly resulted from the
difference in coordination between Ti-O and hydroxyl groups [35].
The peaks at 781 cm~! and 738 cm~! were assigned to the co-
ordination of the hydroxyl group to Ti*t (OH-Ti-O) and the dou-
ble coordination protonation of 02~ (-OH-O-Ti), respectively. In the
Raman spectrum of the MIL-125-Ti/H,0, system (Fig. S1 in Sup-
porting information), an enhanced vibrational mode at 632 cm~!
was observed, which corresponds to the presence of Ti-peroxide
species, consistent with the conclusions drawn from the FT-IR [36].
More information could be found in Text S9 (Supporting informa-
tion).

The XPS survey spectrum of MIL-125-Ti before and after react-
ing with H,0, (Fig. S2a in Supporting information) suggested that
the samples only contain Ti, O, and C elements. For the C 1s spec-
trum of MIL-125-Ti (Fig. S2b in Supporting information), the peaks
at 284.80, 286.58, and 288.72 eV were attributed to C-C, C-O, and
-C=0 in carboxylic acid, respectively [34,37]. The O 1s spectrum of
the MIL-125-Ti consisted of a peak at 531.77 eV and a shoulder at
530.16 eV (Fig. 1g), and these binding energy values corresponded
to Ti-O in the Ti-Ox cluster and the carboxylate C=0 in tereph-
thalic acid. Upon H,0, reaction, an extra peak at 533.16 eV was
found to fit the left tail at around 533-536 eV, and this peak could
be assigned to the Ti-peroxo complexes [38,39]. In the Ti 2p spec-
trum (Fig. 1h), the two peaks at 458.75 and 464.45 eV were as-
signed to Ti 2p3j, and Ti 2p;,, indicating that the Ti in the Ti-Ox
cluster maintains the oxidation state IV [26]. Upon H,0, reaction,
the binding energy of Ti 2ps, decreased from 458.75 eV to 458.66
eV, indicating that the chemical environment of Ti** changed with
electropositivity enhancement around them [15,23]. Based on the
above analysis, it could be seen that MIL-125-Ti with a pure [TiOg]
structure produced Ti-peroxo complexes upon reacting with H,O,.
The formation of such complexes altered the chemical environ-
ment around the Ti species to give it an oxidizing capability.

Typical antibiotic OTC was selected to determine the oxidizing
and degradation ability of the Ti-peroxo complexes produced by
MIL-125-Ti upon reacting with H,0,. Before degradation experi-
ments, adsorption experiments were performed to investigate the
adsorption-desorption equilibrium. In a 50 mg/L OTC solution, MIL-
125-Ti could adsorb more than 50% of OTC and the adsorption-
desorption equilibrium of OTC molecules was reached at 180 min
(Fig. S3 in Supporting information). The adsorption kinetic and
thermodynamic analysis showed that the adsorption of OTC on
MIL-125-Ti tended to be influenced by chemisorption and readily
adsorbed on the catalyst surface, which provides a basis for inter-
facial oxidation (Text S10, Figs. S4 and S5 in Supporting informa-
tion). The OTC started to decompose when the MIL-125-Ti system
was dosed with H,0,, resulting in the removal of 96% of the OTC
from the solution within 180 min (Fig. S6 in Supporting informa-
tion). It indicated that the reaction between MIL-125-Ti and H,0,
produced oxidizing substances that caused the degradation of OTC.
But it remained to be answered whether it is due to the presence
of Ti-peroxo complexes.

To determine whether the MIL-125-Ti/H,0, system degraded
the OTC through the generation of radicals, EPR analyses, and rad-
ical scavenging tests were performed, and the results were shown



J. Peng, Y. Jiang, S. Wu et al.

a
@ T
£
= g IS "v'#ﬂ.

; g ac é D" &
El| 858 8¢ e
z TTe 8% .
£ J@ L —— MIL-125-Ti
L
£

JULJ\_)UJUJ Stimulated

5 10 15 20 25 30 35 40

20 (degrees)
© —— MIL-125-Ti ®
-~ ——= MIL-125-Ti after H,0, treatment
3 g
£ z
_E B0, %
2 Z | MIL-125-Ti
< MIL-125-Ti after 3
H,0, treatment) 0L
T

200 300 400 500 600 700 800 4000 3000 2000 1000

Wavelength (nm) Wavenumber (cm™')

(€9)

Chinese Chemical Letters 35 (2024) 108903

(d)g 0.07 0.14
+ Adsorption " : .
+— Desorption £0.061! e 2B
i = «+ Cumulative pore volume B
J £ 0.05]: P
- o : 0.10 2
20.04{% P
= 0.03 \ 0.08 §
5 [N S
ooyl M 0.06 2
= 0.01 Y . 0.04 5
E 0.00 LT B - - ]
> 0.02

= 0 10 20 30 40 50
Pore diameter (nm)

Relative pressure (P/P))

h -
MIL128 Mo, on| @ MIL-125-Ti after i
: : ~125-Ti . N
o B0, treatigart Z3.85 ¢V ~| H,0,treatment '}’\8‘6” &Y
& | - .
e _
.‘E’ = [A458.75 eV
=
é £ | MIL-125-Ti / \
= E ) /
= 464.45 eV /
A / \
536 534 532 530 528 468 465 462 459 456
Binding energy (eV) Binding energy (eV)

Fig. 1. Structural and characterizations of MIL-125-Ti catalyst. (a) XRD patterns. (b) SEM image of MIL-125-Ti. (c) N, adsorption-desorption isotherm and (d) pore size
distribution of MIL-125-Ti. (e) UV-vis and (f) FT-IR spectra of MIL-125-Ti before and after treated with H,0,. XPS spectra of MIL-125-Ti before and after treated with H,0;:
(g) O 1s, (h) Ti 2p. The secondary building unit of MIL-125-Ti is shown in the upper right corner of Fig. 1a with the first carbon atom from the benzene rings of MIL-125-Ti

shown in black. Titanium and oxygen atoms are shown in cyan and red, respectively.
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Fig. 2. Identification of the ROS in MIL-125-Ti/H,0, system. EPR spectra of (a, b) DMPO and (c¢) TEMP in MIL-125-Ti/H,0, system. Effects of different concentrations of
radical scavengers (d) IPA, (e) PBQ, and (f) FFA on the degradation of OTC in MIL-125-Ti/H,0;. (g) The removal efficiency of OTC under different regular time intervals for
pollutant adding after mixing MIL-125-Ti with H,0,. (h) Effect of different concentrations of NaF in MIL-125-Ti/ H,0, system for OTC degradation. Conditions: [OTC] =50

mg/L, [H,0,]=2 mmol/L, [MIL-125-Ti]=0.3 g/L.

in Figs. 2a and b. No distinctive signals of DMPO-"OH were de-
tected in MIL-125-Ti alone as well as in H,0, under dark con-
ditions. A 1:2:2:1 hyperfine splitting signal belonging to DMPO-
‘OH and a weaker 1:1:1:1 hyperfine splitting signal belonging to
DMPO-"0,~ were detected in the MIL-125-Ti/H,0, system, indicat-
ing that only small amount of ‘OH and *0,~ were produced in
the system. Additionally, no oxygen vacancies (g=2.003), as well
as Ti3* (g ~ 1.94) signals, were observed in MIL-125-Ti (Fig. S7 in
Supporting information), which indicated that the material had no
surface oxygen vacancies and there was no Ti3* involved in the
catalytic process [39]. Moreover, TEMP was used as a '0, trap to
produce TEMPO with a distinct three-line hyperfine splitting sig-
nal. No obvious signal was found in the MIL-125-Ti/H,0, system
(Fig. 2c). Therefore, 10, was not the major ROS in this system ei-
ther.

Radical scavenging experiments were also conducted in the
MIL-125-Ti/H,0, system to determine the major ROS involved in
OTC degradation and their contribution to OTC degradation. As

shown in Figs. 2d-f, the degradation of OTC by the MIL-125-
Ti/H,0, system was not inhibited in the presence of different con-
centrations of IPA, PBQ, or FFA. These results further strengthened
the argument that "OH, *0,~ and '0, did not play a major role in
the degradation and nonradical pathways might be the main fac-
tor in the MIL-125-Ti/H,0, system. To demonstrate the MIL-125-
Ti/H,0, degraded OTC through the nonradical pathway, the pres-
ence of surface-bound radicals was determined by pre-mixing MIL-
125-Ti and H,0, followed by delayed addition of OTC at different
time intervals. The decrease in the removal rate of OTC was mini-
mum indicating that the short-lifetime radicals were not likely the
reason for OTC degradation (Fig. 2g). Also, the addition of F~ sig-
nificantly reduced the removal rate of OTC (Fig. 2h). This could
be mainly due to the occupation of the adsorption sites of the
MIL-125-Ti by the fluorine hydrogen bonds [40], which severely
inhibits the generation of surface-complexed reactive substances
and the surface adsorption with OTC. Meanwhile, the fact that the
removal efficiency of OTC did not improve indicates that surface-
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bound radicals did not participate in the degradation of OTC. This
is supported by the observation that the addition of F~ signifi-
cantly increased the solution-"OH content by promoting the release
of surface-bound radicals, leading to enhanced degradation [41,42].
These results confirmed that the catalytic oxidation of OTC by the
MIL-125-Ti/H,0, system was initiated by the surface complexation
and the presence of Ti-peroxo complexes. Together, the degrada-
tion of OTC in the MIL-125-Ti/H,0, system was achieved through a
nonradical pathway based on the surface-complexed reactive sub-
stances, i.e. the Ti-peroxo complexes.

To further evaluate the catalytic performance of the MIL-125-
Ti/H,0, system, the influence of operating parameters on OTC
degradation was evaluated. The effect of H;0, dosage on the OTC
degradation showed that the increase of H,0, concentration (0.2-
2.0 mmol/L) increased the removal of OTC from 66.0% to 91.3% at
60 min (Fig. S8 in Supporting information). However, no increase
in the removal rate of OTC was observed with the H,0, concen-
tration beyond 2 mmol/L. Additionally, it was noteworthy that the
MIL-125-Ti/H,0, system was also able to remove more than 83% of
OTC at 100 mg/L (Fig. S9 in Supporting information). There were
no differences in the rate of OTC removal at various pH (3.5-11),
suggesting that the change in pH has little effect on the MIL-125-
Ti/H,0, system (Fig. S10 in Supporting information). This also con-
firmed that the MIL-125-Ti/H,0, system was likely operating on a
nonradical pathway [40,43].

Anions and organic matter (such as NaHA) are commonly found
in actual water environments, which may affect the performance
of the MIL-125-Ti/H,0, system. As shown in Figs. S11a-e (Support-
ing information), the effect of all the anions was minimal, except
for the presence of 10 mmol/L H,PO4~ which significantly affected
the removal of OTC. This was likely due to the excess of H,PO4~
might occupy the adsorption site of MIL-125-Ti, similar to the ef-
fect of F~ [31,44]. In the presence of NaHA at a wide concen-
tration range (10-100 mg/L), OTC removal was largely unaffected
(Fig. S11f in Supporting information), suggesting this nonradical-
dominated system had better resistance to interference from nat-
ural organic matter. Additionally, compared to ultrapure water, the
MIL-125-Ti/H,0, system exhibited similar OTC removal efficiency
in other water matrices (Fig. S12 in Supporting information). The
exceptional resistance to interference in complex water matrices
further demonstrated the superior performance of the MIL-125-
Ti/H,0, system for the removal of contaminants from contami-
nated practical water. The MIL-125-Ti/H,0, system was compared
to other previously reported H,0, systems (Table S6 in Supporting
information) and it demonstrated comparable efficacy in remov-
ing tetracycline antibiotics with lower amount of H,0, consumed.
Furthermore, the MIL-125-Ti maintained relatively stable catalytic
performance in OTC removal without any regeneration process and
was able to remove more than 75% of OTC after 10 reuses (Fig. S13
in Supporting information). There were only trace amounts of ti-
tanium leached as determined in the filtrate by ICP-OES. Neither
the MIL-125-Ti nor the solution after degradation of OTC had any
significant effects on the survival and hatching rates of zebrafish
embryos (Fig. S14 in Supporting information). The XRD patterns of
the fresh and used MIL-125-Ti were not significantly different, but
the used MIL-125-Ti showed a collapse of the structure (Figs. S15
and S16 in Supporting information).

To investigate whether the MIL-125-Ti/H,0, system has se-
lectivity and specificity toward a certain type of organic pollu-
tants, tetracycline antibiotics including oxytetracycline hydrochlo-
ride (OTC), tetracycline (TC), chlortetracycline hydrochloride (CTC),
doxycycline hydrochloride (DOC) were tested. The MIL-125-Ti/H,0,
system was effective in the removal of all tetracycline antibi-
otics, with 94.7% degradation of TC, 89.2% degradation of CTC,
and 98.5% degradation of DOC (Fig. S17a in Supporting informa-
tion). The selectivity of the MIL-125-Ti/H,0, system for the degra-
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dation of tetracycline antibiotics was verified by comparing the
degradation of OTC and TC with three additional contaminants,
i.e. sulfamethoxazole (SMX), acetaminophen (AAP), and bisphenol
A (BPA). As shown in Fig. S17b (Supporting information), only the
tetracycline antibiotics were removed by more than 94%. In con-
trast, SMX and AAP were only removed by 26.3% and 33.9%, re-
spectively, while BPA was removed by only 12.2%. Such specificity
was likely due to the interfacial properties of this nonradical sys-
tem, where efficient degradation would not occur if the contam-
inant had a low adsorption tendency on the material surface to
interact with the Ti-peroxo complexes.

The degradation intermediates of OTC in the MIL-125-Ti/H,0,
system were identified by UPLC-TOF. The information related to
the detected degradation intermediates of OTC is listed in Table
S7 and Figs. S18-521 (Supporting information). Based on the analy-
sis of mass spectra, a potential OTC degradation pathway was sug-
gested (Text S11 and Fig. S22 in Supporting information).

To further understand the activation of HyO, by MIL-125-Ti, the
catalytic process of MIL-125-Ti was calculated using DFT. With a
favorable reaction energy AE of -8.217 kcal/mol, the MIL-125-Ti-
H,0, species may give rise to two configurations, MIL-125-Ti-O1
(configuration I) and MIL-125-Ti-O2 (configuration II) (Fig. 3a). The
energy for the formation of configuration II from MIL-125-Ti-H,0,
(AE=-0.788 kcal/mol) was lower than that for the formation of
configuration I (AE =3.988 kcal/mol). Therefore, the configuration
II was used for subsequent calculations.

Upon addition, OTC molecules interacted with the Ti-OH-Ti and
Ti-O-Ti sites within the configuration II pore channel through mul-
tiple hydrogen bonding, resulting in a very strong physical adsorp-
tion with an adsorption energy of 54.010 kcal/mol. The physical ad-
sorption was consistent with the experimental results. In addition,
four sites on the OTC with double bonds (sites 1, 2, 3, and 4) were
selected as Ti-peroxo complexes attack regions for the simulations
(Fig. 3b), where the sites 2, 3, 4 were common attack sites for free
radicals [45,46]. The step of OTC-O1 obtained from Ti-peroxo com-
plex attacked site 1 of configuration II (AE=-52.237 kcal/mol)
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Nonradical oxidation of OTC

Ti-OOH-(Ti-peroxo)
H,0, OHa Y

*PI3 P14 o7

Fig. 4. Schematic illustration of activation mechanism in MIL-125-Ti/H,0, system.

was much easier than that of OTC-02, OTC-03 and OTC-04 ob-
tained from attack sites 2, 3 and 4 (Fig. 3¢). The transition state of
this step of the primitive reaction was then further calculated and
the transition state energy barrier was obtained as 18.870 kcal/mol,
indicating that the reaction can be carried out at room tempera-
ture. Upon completion of oxygen transfer to the OTC, configuration
I reverted to the MIL-125-Ti by solvent-mediated proton transfer
and was ready for cyclic catalysis. This accessible transition state
may be considerably lower in the proton medium due to the ease
of solvent-mediated proton transfer [47].

Based on this study and previous reports [31,38,44], a possi-
ble mechanism for OTC degradation in the H,0, activation system
catalyzed by MIL-125-Ti was proposed (Fig. 4). First, H,0, formed
intermediate titanium hydroperoxides (Ti-O-O-H) with the Ti(IV)
center of MIL-125-Ti, and this structure could react with the OTC
adsorbed on the surface of MIL-125-Ti. The OTC was oxidized, and
the Ti-OOH structure was converted back to the Ti-OH structure.
Therefore, this was a typical nonradical oxidation process for OTC
degradation.

In conclusion, this study demonstrated an effective nonradical
oxidation pathway for the degradation of tetracycline antibiotics
by a MIL-125-Ti/H,0, system. The nonradical oxidation was ini-
tiated by the Ti-peroxo complexes formed after the reaction of
MIL-125-Ti with H,0,. Both the radical quenching experiments and
EPR analysis confirmed that the degradation of OTC was domi-
nated by a nonradical oxidation process. In addition, this system
could proceed in a wide pH range and practical water matrices,
while demonstrating good resistance to conventional radical scav-
engers, halogens, and background organic substances. The pathway
of OTC degradation was also postulated and the degradation effi-
ciency was maintained above 75% removal rate after 10 test cy-
cles. DFT calculations confirmed the reaction of MIL-125-Ti and
H,0, could produce a unique Ti-peroxo complexes structure that
was thermodynamically favorable and the oxidation of OTC by this
structure was feasible. The formation of Ti-peroxo complexes was
the key to the high selectivity of the MIL-125-Ti/H,0, system to-
ward the degradation of tetracycline antibiotics.
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