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The unique heterojunction photocatalyst of graphite carbon nitride (g-C3N4) modified ultrafine TiO, (g-
C3N4/TiO,) was successfully fabricated by electrochemical etching and co-annealing method. However,
the effects of various environmental factors on the degradation of TC by g-C3N4/TiO, and the inter-
nal reaction mechanism are still unclear. In this study, the effects of initial pH, anions, and cations on
the photocatalytic degradation of tetracycline hydrochloride (TC) by g-C3N4/TiO, were systematically ex-
plored, and the scavenging experiment and intermediate detection were conducted to better reveal the
mechanism on photocatalytic degradation of TC. The results showed that the removal efficiency of photo-
catalytic degradation of TC by g-C3N4/TiO, could reach 99.04% under Xenon lamp irradiation within 120
min. The unique g-C3N4/TiO, heterojunction photocatalyst showed excellent photocatalytic performance
for the degradation of TC at pH 3~7, and possesses outstanding anti-interference ability to NO;—, Cl-,
Na*, Ca?* and Mg?* ions in natural waters during the photocatalytic degradation TC process. Superoxide
radicals (0,"~) and hydroxyl radicals ("OH) were proved as the main reactive species for TC degradation,
and the possible mechanism of the unique photocatalytic system for g-C3N4/TiO, was also proposed. The
above results can provide a reliable basis and theoretical guidance for the design and application of visi-

ble photocatalyst with high activity to degrade the actual wastewater containing TC.
© 2021 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Antibiotics, as one of the great medical achievements in the
20th century, have greatly prolonged the life span of human beings
[1]. In recent years, antibiotics were widely used in healthcare, ani-
mal husbandry, and agriculture for their ability to control and treat
infectious diseases [2-4]. However, the problem of water pollution
caused by the abuse of antibiotics is becoming more and more se-
rious, which has attracted the attention of researchers [5]. For ex-
ample, tetracycline is easily stored and accumulated in the aquatic
environment due to its high solubility [6]. Furthermore, it is dif-
ficult to be biodegraded in the environment because most tetra-
cycline is discharged in its original form after metabolism in the
body [7]. Thus, tetracycline is one of the main sources of antibiotic
pollution in the environment. Moreover, tetracycline residues be-
long to persistent organic pollutants, which could pollute the water
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environment and cause great damage to human health. Hence, it is
an important mission of researchers to search for effective meth-
ods to remove it from water.

At present, the treatment of wastewater containing tetracycline
residue mainly includes the following methods: adsorption [8,9],
biological treatment [10], and chemical treatment [4,11]. However,
tetracycline cannot be completely decomposed by the adsorption
method, which can easily cause secondary pollution to the en-
vironment. The degradation of tetracycline by the single biologi-
cal treatment has a relatively long period and the effluent cannot
reach the standard without other additional methods [12]. Some
conventional chemical treatments are expensive because they re-
quire large amounts of chemicals. Photocatalytic oxidation technol-
ogy is considered as an ideal way to remove antibiotics from wa-
ter, which has the advantages of solar energy utilization, mild re-
action conditions, strong oxidation ability, and stable performance
[13-16]. Furthermore, it can mineralize antibiotics into CO, and
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H,0 without secondary pollution [17-19]. During the past decades,
TiO, semiconductor is considered as a promising photocatalyst for
its non-toxic, high stability, and low cost [20-22]. And the ultra-
fine TiO, nanoparticles have more excellent photocatalytic activ-
ity compared with P25 due to their more active sites and quan-
tum size effects [23]. However, the low visible light absorption of
TiO, limits its further practical applications, which is caused by
the wide band gap (3.2 eV) [24]. Meanwhile, the photocatalytic
quantum efficiency of single ultrafine TiO, nanoparticles is still
limited due to the recombination of photo-electrons and holes. To
further improve the visible-light photocatalytic activity and inhibit
the recombination of photo-electrons and holes of ultrafine TiO,
nanoparticles, the combination of semiconductors is considered as
a valid strategy [25,26]. At the same time, g-C3N,4 as a non-metal
material with a narrow bandgap width (2.7 eV) has also attracted
extensive attention from researchers due to its high utilization rate
of visible light (~460 nm) [27-29]. However, it also exists a fa-
tal defect that the photogenic carriers of g-C3N4 are easily recom-
bined, resulting in low photocatalytic activity [30]. To promote the
utilization of visible light and further improve the photocatalytic
performance of ultrafine TiO, nanoparticles, we have successfully
designed and constructed a novel unique heterojunction photocat-
alyst of ultrafine TiO, nanoparticles modified g-C3N4 (g-C3Ny4/TiO;)
with high visible light photocatalytic activity [23]. The unique het-
erojunction photocatalyst system, can not only promote the sepa-
ration of photogenerated carriers but also improve the utilization
rate of visible light, demonstrated excellent photocatalytic perfor-
mance. However, the photocatalytic degradation performance of g-
C3N4/TiO, for tetracycline hydrochloride (TC) under different so-
lution factors has not been revealed. The detailed photocatalytic
reaction mechanism, such as the active species and its transfor-
mation pathway, and the possible intermediate of TC, is unknown,
which will hinder the efficient treatment of TC wastewater in prac-
tical application.

In practical wastewater containing antibiotics, the photocat-
alytic process is also affected by various factors, such as initial
pH, anions, cations [31,32]. For example, the charge on the sur-
face of photocatalyst and the form of the pollutant will also be
influenced by solution pH, which will also affect the adsorption
of TC on the surface of photocatalyst and some active radicals re-
action [33]. In addition, the inorganic ions will also participate in
the process of photocatalysis through various ways, such as react-
ing with radicals, competing for adsorption with pollutants, which
could further affect the photocatalytic activity of the system [34].
Thus, the influencing factors and reaction mechanism of TC degra-
dation by the unique g-C3N4/TiO, system were devoid in further
exploration. Clarifying the role of influencing factors on the degra-
dation of TC can provide better theoretical guidance for the practi-
cal treatment of TC in wastewater. Meanwhile, it is of great signif-
icance to further reveal the photocatalytic degradation mechanism
of TC on g-C3N4/TiO,, which will contribute to better understand
the nature of photocatalytic degradation reactions. Therefore, it is
of great value to study the effects of various factors on photocat-
alytic degradation of TC by the unique g-C3N4/TiO, system.

In the present work, the microstructure of g-C3N4/TiO, compos-
ite materials was characterized by a high-resolution transmission
electron microscope (HR-TEM) and selected area electron diffrac-
tion (SAED). The effects of initial pH, anions, and cations on pho-
tocatalytic degradation of TC were further investigated and ana-
lyzed, so were the radical quenching agents, such as benzoquinone,
tert-butyl alcohol, ammonium oxalate, and Fe(Il)-ethylene diamine
tetraacetic acid; and the unique conduction system and photo-
catalytic degradation mechanism of TC by g-C3N4/TiO, were pro-
posed. This work can provide a theoretical basis and important ref-
erence value for the photocatalytic treatment of tetracycline pollu-
tion in water.
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The specific datils of experiments were in Supporting infor-
mation (Text S1 in Supporting information). The morphology and
structural composition of g-C3N4/TiO, were characterized by TEM,
HR-TEM, and SADE (Fig. 1). As shown in Fig. 1a, the flaky out-
line structure and the black granular substance were g-C3N4 and
ultrafine TiO,, respectively. It was apparent that the 2D lamellar
structure of g-C3N4 was combined with ultrafine TiO, nanopar-
ticles (Fig. 1a), and the HR-TEM images showed that the lattice
spacing was 0.35 nm and 0.326 nm corresponds to (101) crystal
surface of anatase TiO, and (002) crystal surface of g-C3N4, respec-
tively. The heterojunction interface was formed by the combination
of TiO, and g-C3N,4, which indicated that the g-C3N4/TiO, compos-
ites were successfully synthesized (Fig. 1b). In addition, it could be
seen that g-C3N4/TiO, composites possess a polycrystalline struc-
ture (Fig. 1c), which could further confirm the successful formation
of composite photocatalysts.

The pH value of aqueous solution plays an important role in the
photocatalytic degradation of organic pollutants [35], and the iso-
electric point of photocatalytic materials is a significant parameter
for the adsorption process of organic pollutant [36]. The change
of zeta potential of g-C3N4/TiO, with pH values of aqueous solu-
tion is shown in Fig. 2a. The isoelectric point value of g-C3N4/TiO,
was determined to be about 3. When the pH of the solution is less
than 3, the surface of g-C3N4/TiO, would be positively charged;
and when it was greater than 3, the surface of the material will
be negatively charged. As shown in Fig. 2b, the species distribution
of TC would change with pH values because pH could change the
chemical structure of TC in aqueous solution [33]. Fig. 2c showed
the effect of different pH values on photocatalytic degradation ef-
ficiency of TC. It could be seen that the removal efficiency of TC
could reach more than 80% when the pH value is between 3~8,
while it was significantly decreased when pH decreased to 1. Fur-
thermore, the removal efficiency of TC also decreased gradually as
the pH > 7. The above results indicated that the photocatalytic
degradation of TC by g-C3N4/TiO, was not promoted under strong
acidic and alkaline conditions. The main reasons for the phenom-
ena were as follows: (1) The surface of g-C3N4/TiO, is positively
charged at pH 1, and the main species form of TC is TCH3*. There-
fore, the photocatalytic degradation efficiency of TC will be sig-
nificantly inhibited due to the inefficient adsorption of TCH3* to
the positively charged surface of g-C3N4/TiO,. In addition, a large
number of H* will produce competitive adsorption with TCH3*. (2)
When pH at 3.3~7.7, TC is present as TC® molecule. The adsorp-
tion resistance between g-C3N4/TiO, and TC is weakened, and the
active sites on the surface of g-C3N4/TiO, are fully utilized, which
promotes the adsorption of TC on the photocatalyst surface. (3) De-
crease of the photocatalytic efficiency of TC, when pH > 7.7, is also
due to the inefficient adsorption of the negatively charged form
of TC (TCH- and TCH2?~) on the negatively charged surface of g-
C3N4/TiO,. However, under alkaline conditions, it is conducive to
the formation of hydroxyl radicals ("OH) as active species (Eq. 1)
[37], so the photocatalytic efficiency is not as low as that of pH
1

OH + h* - 'OH (1)

Anions such as NO;~, Cl-, HCO;~ and SO42~ are commonly
present in the practical antibiotic wastewater, which may react
with photo-generated electron-hole pairs and active species to in-
fluence the photocatalytic degradation rate of TC [34]. Therefore, it
is necessary to study the effects of different anions on the photo-
catalytic reaction process. As shown in Fig. 2d, when the concen-
tration of NO3~ is relatively low (< 20 mmol/L), the photocatalytic
degradation efficiency of TC showed an increasing trend with the
increase of NO3~ concentration. But when the concentration of Cl~
is not higher than 20 mmol/L, the photocatalytic degradation effi-
ciency of TC presented a trend of first increasing and then decreas-
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Fig. 2. (a) The zeta potentials of g-C3N4/TiO, change with the pH values of aqueous solution. (b) The distribution of TC species as a function of the pH values of aque-
ous solution. (c) The effect of pH values on photocatalytic degradation of TC. (d) Photocatalytic degradation efficiency of TC by g-C3N4/TiO, in the presence of different

concentrations of NO3;~, Cl-, HCO;~ and SO42-.

ing. Besides, it was observed that with ion concentrations of NO3~
and Cl~ as high as 1000 mmol/L, the photocatalytic degradation ef-
ficiency only decreased by 0.10% and 0.34%, respectively; and it can
be seen that the effect of NO3~ and CI~ on the photocatalytic re-
moval of TC by g-C3N4/TiO, was negligible. It is worth mentioning
that sodium salts (NaNO5 and NaCl) were used to study the effects
of the ions on photocatalytic degradation of TC in this work, which
could be inferred that Na* has little interference effect on the pho-
tocatalytic system. For HCO3~ and SO42-, the inhibitory effect of
photocatalytic removal of TC was continuously expanded with the
increase of ions concentrations, and the photocatalytic degradation
efficiency of TC decreased by 16.21% and 19.15% in the presence
of 1000 mmol/L HCO3~ and SO42-, respectively. These results in-
dicated that the g-C3N4/TiO, has strong anti-interference ability
for NO3—, CI~ and Na* ions during the photocatalytic degrada-
tion of TC, which will be beneficial to deal with practical antibiotic
wastewater.

In particular, for NO3~, it can absorb ultraviolet light to pro-
duce "OH Eqgs. 2 and 3 [38] to promote the photocatalytic activity
[39], so the photocatalytic degradation efficiency showed a weak
promoting effect at a low NO3~concentration Fig. 2d); meanwhile
*OH could also be captured by NO,~ (Eq. 4), resulting in almost
no effect for the photocatalytic performance of g-C3N4/TiO, at a
high concentration of NO5;~. For CI—, the chlorine radicals (Cl*) are
formed through oxidization of CI~ by "OH and h* Egs. 5 and 6, and
could further transfer to Cl, (Eq. 7). On the one hand, the molec-
ular structure of TC contains several electron-rich groups which
are more vulnerable to attack by Cl, [40], which will be beneficial
to the improvement of the photocatalytic degradation efficiency of
TC. However, on the other hand, the oxidation property of Cl, (Eg
(Cly/2C17) = 1.36 V) is weaker than that of *OH (Ey = 2.8 V) [41], so
the enhancement of TC degradation with the increase of chloride
ion concentration of Cl~ is not prominent. For the HCO3~, active
species h* and "OH could react with HCO;~ and CO32~ to gener-

ate carbonate radical (CO3'~) (Eqs. 8-12). However, the oxidation
capacity of CO3'~ is extremely weak [42], leading to a significant
decrease in photocatalytic degradation of TC; h* and ‘OH are also
consumed to produce sulfate radicals (SO4"~) Eqs. 13 and 14, SO4
are also less oxidizing than h* and leads to a decrease in photo-
catalytic efficiency. In addition, anions could compete with TC to
occupy active sites and thus inhibit photocatalytic activity [43]. To
enhance the ability of the system to treat antibiotics in a wide va-
riety of ions, we will enhance the anti-interference capability of
the system to SO42~ and HCO;~ by further optimizing the unique
g-C3N,4/TiO, heterojunction photocatalyst in future studies.

NO;~ + hv — NO,” + O (2)
0" + H,0 — *OH + OH~ (3)
NO,” + *OH — OH™ + NO, (4)
Cl” +°*OH — CI* + OH~ (5)
a + ht - ¢ (6)
Cr + C* =l (7)
HCO3™ + OH = H,0 + CO3*~ (8)
HCOs™ 4+ *OH — (€03~ + H,0 (9)
HCO;~ + h* — CO3*” (10)

C03%~ + *OH — (CO;*~ + H,0 (11)
C03* + ht — (03" (12)
S04 + ht — S04 (13)
S04 4+ *OH — SO, + OH- (14)
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Fig. 3. (a) Photocatalytic degradation efficiency of TC by g-C3N4/TiO; in the presence of different scavengers and (b) the contribution of various active radicals. (c) The full
wavelength absorption scan spectrum of TC and (d) TOC removal rate by g-C3N,4/TiO, at different time.

The effects of typical cations, Ca* and Mg%*, on the degra-
dation efficiency of TC were shown in Table. S1. Clearly, with the
increase of concentration of Ca2* and Mg?+, the degradation effi-
ciency of TC by g-C3N4/TiO, showed an inconspicuous trend of in-
crease and then decrease. Here the effects of both Cl~ and cations
(Ca?tand Mg?+) should be taken into account, as shown in Fig. 2d,
the low concentration of Cl= has a certain promotion effect on
the photocatalytic degradation of TC, but the effect of Cl~ is neg-
ligible at 1000 mmol/L. The degradation efficiency was reduced
by only 5.58% and 4.47% in the presence of 1000 mmol/L Ca%*
and MgZ+ compared to the absence of excess ions. These results
showed that the g-C3N4/TiO, also has strong anti-interference for
Ca2* and Mg2t, which could be explained by the following rea-
sons: (1) Similar to the influence of CI~ mentioned above, CI' gen-
erated by Cl- are more likely to react with electron-rich TC and
thus improve the photocatalytic performance of TC. (2) The solu-
bility product constant of Ca(OH), and Mg(OH), is relatively small,
which will be prone to precipitate at higher concentrations of Ca%*
and Mg?* Eqgs. 15 and 16 [44,45]. The formation of suspension that
will hinder the utilization of visible light by photocatalyst to re-
duce the photocatalytic activity of g-C3N4/TiO,, which could off-
set the improvement of photocatalytic degradation effect caused by
cations, showing a slight inhibitory effect on the whole system.

Ca’* + 20H" — Ca(OH), | Ky, = 5.5 x 10°° (15)

Mg>* + 20H" — Mg(OH), | Ky = 1.2 x 107" (16)

In the photocatalytic degradation system, the existence of active
substances is considered to be the crucial factor for organic pollu-
tant degradation [46]. Meanwhile, based on the results and discus-
sion mentioned above, the effects of pH and ions on the photocat-
alytic degradation efficiency of TC are also closely related to active
radicals. In order to reveal the role of active species in photocat-
alytic degradation of TC by g-C3N4/TiO,, the trapping experiment
was performed by adding various active species scavengers [47].
The concentrations of BQ, TBA, AO, and Fe(II)-EDTA were 1 mmol/L
to capture the active species O,"~,"OH, h*, and H,0,, respectively.
As shown in Fig. 3a, the photocatalytic degradation efficiency of
TC by g-C3N4/TiO, decreased from 81.76 to 80.55% in the presence
of Fe(I)-EDTA within 30 mins, indicating that H,O, demonstrated
a slight effect on the photocatalytic removal of TC. With the ex-
istence of AO, the photocatalytic degradation efficiency of TC by
g-C3Ny4/TiO, decreased by 8.9%, indicating that the h™ contributed
to photocatalytic degradation TC. The photocatalytic efficiency of
TC decreased by 38.75% and 44.36% in the presence of TBA and
BQ, respectively, which confirmed that both O,"~ and "OH played
dominant roles in photocatalytic degradation of TC. Furthermore,
the contribution of O,*~ was higher than that of "OH, which veri-
fied that the strong anti-ion interference ability of the system was
mainly due to the strong selectivity of O,°~ radicals and their dif-
ficulty in quenching.
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In order to further understand the contribution of various rad-
icals in the process of photocatalytic degradation of TC by g-
C3Ny4/TiO,, the transformation of various radicals and the corre-
sponding essential functions are revealed as shown in Fig. 3b. It
can be seen that the direct contribution rate of h* in the process of
TC degradation accounts for 7.28%. The contribution rates of 0"~
and °"OH radicals directly acting on the TC degradation are 44.36%
and 38.75%, respectively. The h™ will react with H,0 and OH~ to
form ‘OHy+ radicals, and H,0, breaks down into “OHe- radicals un-
der the simulated sunlight irradiation, which two components are
the total contribution of ‘OH radicals to photocatalytic degradation
process. In addition, 8.49% of O, radicals react with H* to gener-
ate H,0, except that 44.36% of O,'~ radicals were directly acting
on the photocatalytic degradation of TC. Furthermore, H,0,, which
accounts for 1.48%, can directly act on the degradation of TC. The
above results in conformity with the activity radicals scavenging
experiment (Fig. 3a).

The intermediate products produced during the photocatalytic
degradation of TC were detected by LC-MS spectra. Twenty-one
kinds of possible intermediate products were found through an-
alyzing the corresponding mass-to-charge ratios (m/z) and their
structure information was shown in Table S2 (Supporting infor-
mation). According to the above results, the possible photocat-
alytic degradation pathways of TC by g-C3N4/TiO, could be spec-
ulated (Fig. S1 in Supporting information). Through radical scav-
enging experiments, we have concluded that O,*~ and "OH play
the significant roles in the photocatalytic degradation of TC sys-
tem (Figs. 3a and b). O,"~ have good oxidability and reducibil-
ity, which can react with the target. Besides, the nucleophilic
properties of O,"~ can promote the degradation of target pollu-
tants [48]. The *OH has strong oxidizing ability and electrophilic-
ity [42], which can break the bonds of the target and produce
electrophilic addition reactions, respectively. As shown in Fig S1,
the possible reaction pathways of TC in the photocatalytic pro-
cess are mainly divided into two parts. (1) In pathway I, TC could
react with "OH radical to form P19 (m/z 469) accompanied by
hydroxylation, and N-methyl (CHs3) is oxidized to the N-aldehyde
(CH=0) group under the action of "OH radical, which is consis-
tent with other reports [49]. But interestingly, P20 (m/z 475) will
react with the *OH radical to form P21 (m/z 491) in the elec-
trophilic addition reaction. (2) In pathway II, TC will forms P1
(m/z 427) by losing an H,O molecule under the action of O, and
*OH radical [11]. In addition, TC will break the -CH; and =0 bonds
under attack by O,"~ and ‘OH radical, which will produce P2 (m/z
413) and P3 (m/z 412), respectively. Next, P1 (m/z 417) will gener-
ate P4 (m/z 413) and P8 (m/z 384) by further demethylation and
deamination, respectively. And P8 (m/z 384) will generate P9 (m/z
294) by ring-opening reaction under the action of h*, O, and
‘OH. On the other hand, under the attack of O,"~ and "OH rad-
icals, P5 (m/z 399) are generated by P4 take off a methyl group
due to the low bond energy of N-C [50]. And P5 will continue
to lose methyl, amino groups, and aldehyde groups to form P6
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(m/z 355) and P7 (m/z 328). In addition, P11 (m/z 318) and P10
(m/z 301) [51] were generated by a series of bond breaking and
ring-opening reactions under the attack of various radicals. Among
them, the double bond was vulnerable to oxidizing agents, which
cause an open-loop reaction of P7 (m/z 328) to form P11 (m/z 318)
[11]. In particular, P10 (m/z 301) also introduces —OH groups to
form P11 when the two methyl groups were removed. Further-
more, P12 (m/z 231) will generate P13 (m/z 215) via dehydroxyla-
tion, P13 will generate P14 (im/z 177) via ring-opening reaction, P14
will generate P15 (m/z 163) via demethylation reaction, P15 will
generate P16 (m/z 149) via aldehyde bond removal. And P17 (m/z
121) was produced by P16 through an open-loop reaction, which
is different from the formation path of P17 reported in the litera-
ture [50]. The breaking of the double bond of P17 and the break-
ing of the benzene ring led to the formation of P18 (m/z 101). In
the end, P18 will be mineralized to CO, and H,O by various ac-
tive radicals. In summary, after a series of reactions including hy-
droxylation, electrophilic addition, nucleophilic substitution, redox
reaction, demethylation, deaminize, dealdehyde and ring-opening
reaction, TC will be degraded into some intermediates and further
generate CO,, H,0, and some small molecule.

The full wavelength absorption scan spectrum of TC solution by
g-C3N,4/TiO, was measured at different times. As shown in Fig. 3c,
it could be clearly seen that the absorption peaks strength of TC
solution decreased with the increase of time, and TC was almost
absolutely degraded by photocatalytic after 120 mins simulated so-
lar illumination. At the same time, the TC and TOC removal rate by
g-C3Ny4/TiO, were investigated (Fig. 3d). Obviously, after 120 mins
photocatalytic degradation, the degradation efficiency of TC could
reach 99.04%, which is consistent with Fig. 3c. Meanwhile, the TOC
removal rate could reach 46.69% under the photocatalytic degra-
dation of 120 min, which suggests that part of TC is degraded to
intermediate, part of the TC is completely mineralized into CO,
and H,0. However, the decrease rate of TOC was relatively slow at
40-60 min, which may be caused by the difficult degradation and
mineralization of macromolecular organic matter generated dur-
ing this period. According to the above results, we could deduce
the conclusion that O,"~ and "OH radicals are the main reactive
species in the photocatalytic degradation of TC by g-C3N4/TiO, sys-
tem, which corresponds to the results of active species capture ex-
periments (Fig. 3a). Especially, the photocatalytic degradation path-
way of TC by g-C3N4/TiO, is unique, which is clearly different from
other technologies [50,52] and photocatalytic systems [53,54].

According to the above experimental results, the charge trans-
fer mechanism between TiO, and g-C3Ny4, and the process for pho-
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tocatalytic degradation of TC by g-C3N4/TiO, heterojunction pho-
tocatalyst were presented in Fig. 4. The VB electrons of both g-
C3N4 and TiO, are excited into the CB under simulated sunlight
irradiation (Egs. 17 and 18). The CB of g-C3N4 is more negative
(=11 eV versus NHE) [55] than that of TiO, (—0.29 eV versus NHE)
and Ey = 0,/0,~ (—0.046 eV versus NHE), it will be more con-
ducive to reaction for O, with e~. The VB of TiO, is more posi-
tive (2.91 eV versus NHE) [55] than E; = "OH/OH~ (1.99 eV ver-
sus NHE) and Ey = "OH/H,0 (2.68 eV versus NHE), which will be
more conducive to the reaction of h™ and H,O/OH~ to form active
radicals. Especially, the VB of g-C3N4 (1.6 eV versus NHE) is lower
than that of Ey = "“OH/OH~ (1.99 eV versus NHE) and Ey= "OH/H,0
(2.68 eV versus NHE), resulting in insufficient oxidation capacity
of holes and could not to generate "OH radicals. Thus, O, could
combine with electrons in the CB of g-C3N4 to form O,°~ radi-
cals (Eq. 19), H,0 and OH~ also react with h* of TiO, to generate
*OHy, radicals (Eq. 21). In addition, O,"~ radical can form H,0, to
further produce *‘OHe. radicals (Eq. 20). Based on the above analy-
sis, a unique semiconductor system could be established between
g-C3N4 and TiO,. On the other hand, the electrons in the CB of
TiO, will recombine with the h* in the VB of g-C3N,4 by the het-
erogeneous junction interface (Fig. 1), which can further promote
the formation of the unique heterostructure. This charge transfer
conduction pathway between two semiconductors can eventually
lead to the unique photocatalytic mechanism, and this constructed
unique heterostructure photocatalytic system can not only promote
the improvement of photocatalytic performance due to the inhibi-
tion of photon-generated carrier recombination, but also generate
more active species of O,"~ and "OH radicals (Egs. 19 and 21). The
above-mentioned unique mechanism is consistent with the active
radical scavenging experiment (Figs. 3a and b). Then, under the ac-
tion of 0,"7, *OH and h*, TC is firstly decomposed into interme-
diate products, and then further mineralized into CO,, H,0, and
other small molecular substances (SMS) (Eq. 22).

TiO, + hv — h*4e~ (17)
g—C3Ng + hv — ht4e™ (18)
0,+e (g-CNy) — O, (19)
02.7 + 21‘14r — HzOz e —>.0H3 (20)
H,O/OH +h" (Ti0,) — "‘OH,, (21)

TC + h' (TiO,)/OH/O,~ — intermediate — CO, + H,O + SMS
(22)
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In conclusion, the photocatalytic degradation of TC was system-
atically studied by ultrafine TiO, nanoparticles modified g-C3N4
heterojunction photocatalyst. The g-C3N4/TiO, exhibited remark-
able photocatalytic activity for the degradation of TC at pH 3-7,
and the photocatalytic degradation of TC could be inhibited at pH
< 3 and pH > 7. The unique g-C3N4/TiO, heterojunction photo-
catalyst has demonstrated excellent resistance to interference from
most ions such as NO3;~, Cl-, Na*, Ca?*, and Mg%* in the pro-
cess of photocatalytic degradation of TC. And the photocatalytic
degradation of TC could be significantly inhibited in the presence
of HCO3~ and SO42~. O,~ and 'OH radicals were identified as
the dominant active species in the unique heterojunction photo-
catalytic system. The TC molecule was decomposed into interme-
diate products by a series of active radicals, which would be fur-
ther mineralized into CO,, H,0, and some small molecular sub-
stances. In general, the unique g-C3N,4/TiO, photocatalytic system
has a wide range of pH values applicable and remarkable anti-
interference ability of major ions in natural water. This research
could provide a meaningful reference for the construction of pho-
tocatalyst reaction system, and offer a novel direction for the treat-
ment of antibiotic wastewater.
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