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Abstract: N-doped TiO,/carbon composites (TiO,/CN) with different nitrogen
content, were obtained starting from titanium isopropoxide and glucose, and by
varying the amount of melamine, added to starting reaction mixture. For com-
parison, an undoped sample (TiO,/C) was also prepared. Structural and surface
characteristics were determined through scanning electron microscopy, thermo-
gravimetric analysis, elemental analysis, Fourier transform infrared spectro-
scopy, X-ray photoelectron spectroscopy, X-ray diffraction and nitrogen ads-
orption—desorption isotherms. The photocatalytic activity of TiO,/CN com-
posites was examined via photocatalytic degradation of methylene blue and
multiclass pharmaceuticals from water solution. It was found that N doping of
TiO,/carbon composites induced changes in structural and surface character-
istics of TiO,/CN composites, improving their adsorption, but decreasing
photocatalytic efficiency. Nevertheless, TiO,/CNj) o5 composite obtained by the
hydrothermal synthesis in the presence of glucose and 0.05 g melamine showed
the highest efficiency for removing selected pharmaceuticals and methylene
blue from aqueous solutions through the combined processes of adsorption in
the dark, and photocatalytic degradation under UV and visible irradiation.
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INTRODUCTION

Photocatalysis represents a clean, green and sustainable technology that is
constantly being studied and improved for its effective application in removing
organic pollutants from the environmental water. Titanium dioxide is one of the
most widely used photocatalytic materials in the fields of environmental purific-
ation, due to its advantages of good chemical stability, low cost and nontoxicity.!
However, it is photocatalytically active only under UV light, due to its relatively
high band gap energy.2 Reduction of the band gap energy, which can be achieved
by doping TiO, with non-metal elements, such as C, B, S and N,2-¢ spread the
spectral response of TiO; into the visible region. Also, it was found’ that N-dop-
ing of TiO, enhances the photocatalytic performance under UV irradiation by
increasing the specific surface area of a photocatalyst.

To obtain highly reactive photocatalysts, in addition to TiO; doping with
nitrogen, photocatalysts can be combined with different carbon materials that
play the role of catalysts.!-8-10 It was found that nitrogen doping combined with
some carbon material as a carrier lead to an increase in the specific surface area
of the material, as well as its photocatalytic activity under visible irradiation. !

Previously,® we have used a simple method of hydrothermal synthesis to
obtain highly reactive TiOs/carbon composites for photocatalytic degradation of
selected organic pollutants, under UV irradiation. In this work, the hydrothermal
method was applied to synthesize the material, photocatalytically active under
visible light. N-doped TiO,/carbon composites (TiO,/CN), with different nitro-
gen content, were obtained starting from titanium isopropoxide and glucose, and
by varying the amount of melamine, added to starting reaction mixture. Obtained
composites were characterized by the means of structural and surface properties.
Their photocatalytic activity was tested through the degradation of methylene
blue (MB) and selected pharmaceuticals, belonging to classes of antibiotics, pain-
killers, sedatives and cardiovascular. Additionally, it is important to highlight
that some of the examined pharmaceuticals (diclofenac, azithromycin, and ery-
thromycin) were included in the watch list of substances for union-wide moni-
toring in the field of water policy,!! since their presence may pose a significant
risk to the aquatic environment.

EXPERIMENTAL

TiO,/carbon composites doped with nitrogen (TiO,/CN) were obtained by hydrothermal
synthesis. Starting reaction mixture containing: 37 cm? glucose solution (30 g dm™), 3 cm3 35
% hydrochloric acid, 6 cm® of titanium isopropoxide, and different amounts of melamine
(0.05, 0.1 and 0.5 g), was placed in the Teflon lined stainless steel autoclave (50 cm3), and
carbonized at a temperature of 160 °C and self-generated pressure for 12 h. The resulting sus-
pension, obtained after the carbonization, was filtered and the precipitate was washed with
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N DOPED TIO,/CARBON COMPOSITES 1 85

distilled water and ethanol and dried at 60 °C overnight. Obtained samples were denoted as
TiO,/CNy o5, TiO,/CNy; and TiO,/CNj s, respectively, based on the amount of melamine
used. For the purpose of comparison, the undoped sample (TiO,/C) was prepared according to
the same procedure, without melamine adding.

Scanning electron microscopy (Mira Tescan 3X, Tescan Orsay Holding, Czech Rep-
ublic) was used to examine the structure and morphology of prepared carbon composites.

The thermogravimetric analysis (TGA, SDT Q600, TA Instruments) was performed in
the O, atmosphere (flow rate: 100 cm3 min'!) from room temperature up to 800 °C, with a
heating rate of 20 °C min'!.

Elemental analysis (Vario EL III Element Analyzer, Elementar, Shimadzu Europe) was
performed to determine the nitrogen content in the synthesized composite materials.

Fourier transform infrared spectroscopy (FTIR, Bomem MB-Series, Hartmann Braun)
was used for qualitative analysis of surface functional groups. FTIR spectra were obtained in
the wavenumber range from 400 to 4000 cm’!.

X-Ray photoelectron spectroscopy (XPS) measurements were performed on the PHI-
-TFA XPS spectrometer produced by Physical Electronics Inc. and equipped with the mono-
chromatic X-ray source with the Al anode. Wide energy range XPS spectra were taken with
pass energy of 187 eV to identify present elements and high-energy resolution XPS spectra
were taken with pass energy 29 eV to identify chemical bonds of elements on the surface.
Low-energy electron gun was used for neutralization of possible charging effects.

The specific surface area and the pore size distribution (PSD) of carbon composites were
analyzed using the Surfer (Thermo Fisher Scientific, USA). PSD was estimated by applying
Barrett—Joyner—Halenda (BJH) method!? to the desorption branch of isotherms and mesopore
surface (Syes0) and micropore volume (¥Viy;0ro) Were estimated using the #-plot method.!3

X-ray diffraction (XRD) patterns were performed by Philips PW1710 diffractometer
with CuKa radiation at a scanning speed 1 °C min! in the range of 26 of 20-60°. Based on
obtained X-ray diffraction patterns, crystalline phases have been identified, and approximate
share of the individual phases in the product and the crystallite size was calculated by com-
puter program Powder Cell.!4

The photocatalytic activity of TiO,/CN composites, as well as undoped TiO,/C compo-
site, was evaluated by photocatalytic degradation of methylene blue (MB) and selected phar-
maceuticals from multicomponent solution. Experiments were carried out at room temperature
and atmospheric pressure with constant shaking on a magnetic stirrer. The starting concen-
tration of the MB solution was 25 mg dm™, while the concentration of composite material was
2 g dm3. The suspension was held for 60 min in the dark until an adsorption—desorption
equilibrium is reached, after which the suspension was exposed to UV irradiation. Process of
photocatalytic degradation was monitored by periodic sampling (60, 75, 90, 105, 120, 150 and
180 min), and measuring of MB concentration. To compare the photocatalytic activity of
examined samples under visible irradiation, MB solution with an initial concentration of 10
mg dm3 was used. As a source of UV irradiation, 125 W high-pressure mercury lamp, Phil-
ips, HPLN was used, while visible irradiation was obtained by 150 W tungsten halogen lamp
with a 400 nm cut off glass optical filter.

Also, TiO,/CN composites were used as photocatalysts for degradation of the selected
pharmaceuticals: diclofenac (painkillers); bromazepam (sedatives); atorvastatin, amlodipine,
cilazapril and clopidogrel (cardiovascular); azithromycin, doxycycline and erythromycin
(antibiotics). The initial concentration of each of the selected pharmaceuticals from the multi-
component solution was 5 mg dm=. The concentration of composite photocatalysts was 1 g
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dm3, while experimental conditions were the same as for degradation of MB under UV irra-
diation. The solution samples were taken after 180 min of the removal process, which inc-
luded 60 min of adsorption in the dark, followed by photocatalytic degradation. Samples were
filtered through 0.45 pm PVDF syringe filters, and the concentration of selected pharmaceut-
icals was assessed by high-performance liquid chromatography—tandem mass spectrometry
(LC-MS/MS Thermo Scientific). LC-MS/MS method conditions are given in the Supplemen-
tary material to this paper.

RESULTS AND DISCUSSION

The morphological characteristics of TiO2/CN samples were examined by
scanning electron microscopy (Fig. 1). Compared to the undoped sample (Fig.
1d), the addition of melamine in the reaction mixture does not lead to any imp-
ortant differences in the morphology of obtained composites. SEM photographs
showed that all N-doped TiO,/carbon composites were characterized by a similar
and homogenous structure, regardless of the amount of melamine added to the
reaction mixture.

#5888 300 nm S 1200 nm 200 nm 200nm

Fig. 1. SEM photographs of samples: a) TiO,/CNj 5; b) TiO,/CNj) 1, ¢) TiO»/CNy 5 and
d) TiO,/C.

The contents of nitrogen, carbon phase and TiO; in examined composites
were obtained by elemental and thermogravimetric analysis. The TGA, DTG,
and DTA curves of the TiO»/CN composites, as well as undoped TiO,/C, are
shown in Fig. 2a—c, respectively. For all examined samples, according to the
DTG curves, the first mass loss was observed in the temperature range from 40 to
120 °C, which originates from physically and chemically adsorbed water. The
second mass loss observed in the range 250450 °C, is a consequence of hydro-
thermal carbon oxidation during TG analysis. Sample TiO»/CNy o5 has an addit-
ional mass loss in the temperature range 550—650 °C, which origin is not fully
understood.

According to the literature!5 the mass loss in this region can be the conse-
quence of the decomposition of residual melamine, which is unlikely because
samples obtained with a higher amount of melamine do not display the mass loss
in this temperature region. Also, it is suggested that the mass loss in the tem-
perature region from 350-800 °C can be a result of carbon residue degradation,
as well as TiO, crystal phase transformation.!® The content of TiO,, carbon
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phase (obtained from TGA), and nitrogen (from elemental analysis) in examined
composites are presented in Table I. Percentage contents of TiO, and carbon

phase, shown in Table I, were calculated taking the content of hydrothermally
obtained TiO; on 800 °C as 100 %.
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Fig. 2. TGA (a), DTG (b) and DTA (c) curves, and FTIR spectra (d) of TiO,/C and TiO,/CN
composites.

Table I. TiO,, carbon phase and nitrogen content in TiO,/CN composites (wt. %)

Component
Sample TiO, Carbon phase N
TiO,/C 88.17 11.83 0
Ti0,/CNy o5 80.45 19.33 0.221
TiO,/CNy ; 83.27 16.61 0.156
TiO,/CNy 5 82.23 17.48 0.292

Obtained results showed that adding the melamine to the reaction mixture
led to nitrogen incorporation into TiO/CN composites in the range from 0.156 to
0.292 wt. %. However, nitrogen content in TiO2/CN composites is not directly
dependent on the amount of melamine added to the reaction mixture since both,
the lowest and the highest amount of melamine, led to similar nitrogen content in
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the TiO»/CN composites. It has been observed that the lowest concentration of
melamine in the reaction mixture resulted in increased content of the organic car-
bonaceous phase at the expense of the TiO, inorganic phase.

FTIR spectra of undoped and doped composites are shown in Fig. 2d. The
broad band in the range of 400—1000 cm~! is derived from the stretch vibration
of Ti—O and Ti-O-Ti bonds.!7:18 The peak at 3400 cm™! originates from the
stretching vibration of the OH bond in Ti—OH and in water adsorbed on the TiO»
surface, indicating the presence of hydroxyl groups on the surface of the
material.!8 Another peak that may correspond to bending vibrations of the O—H
bond in water molecules appears around 1625 cm! for all tested samples.!8 Two
weak peaks at 2850 and 2920 cm~! can be ascribed to characteristic stretching
vibrations of aliphatic C—H, which indicate the formation of carbon layers.!7 The
addition of melamine leads to a broadening of the peak at 3400 cm™!. It is neces-
sary to highlight that there are no distinct differences between the FTIR spectra
of TiO»/CN composites. Nevertheless, a small shoulder at around 1715 cm1,
was observed for sample TiO»/CNg 5. This peak may originate from stretching
vibration of —-C=0 from carbonyl and carboxyl groups, indicating that N-doping
with the highest amount of melamine induced their formation. Although the peak
at 1385 cm~! can be related to C=C and O-H bond,!? it may also be induced by
the C—N bond. However, this observation could not confirm the presence of
nitrogen in obtained composite materials, since undoped TiO,/C spectra dis-
played peaks at the same wavenumber.

XPS analysis was conducted to confirm the nitrogen incorporation into
TiO2/CN composites and to identify the valence state of the doping nitrogen.
Fig. 3a shows the very similar spectra of undoped TiO,/C and TiO,/CN samples,
doped with various nitrogen amounts, taken in the binding energy range from 0
to 1200 eV. In the high-resolution spectra of Ti 2p (Fig. 3b), peaks at 458.8 and
464.4 eV correspond to Ti 2p3, and Ti 2py/, respectively.20 Binding energy
difference between these two peaks is 5.6 eV. Binding energy 458.8 eV of Ti
2p3/» confirms the presence of the Ti4" states in TiO,. Fig. 3¢ shows the high
resolution XPS spectra of O 1s, deconvoluted in three peaks at 530.1, 531.7 and
532.8 eV that are ascribed to lattice oxygen (Ti—O-Ti), surface hydroxyl groups
(Ti—~O-H) and adsorbed water.21-22

The C 1s spectrum (Fig. 3d) was fitted with four peaks. The main peak at
284.8 eV corresponds to C—C and C-H bonds,?3 while the peak at 289.6 eV
corresponds to O=C-O. Peaks at 286.4 and 288.4 eV can be assigned to nitrogen-
doped sp? carbon (C-N) and nitrogen-doped sp3 carbon (C=N),20 although, these
peaks may be related to the C—O, C—OH and C=0, due to much higher concen-
tration of oxygen, compared to nitrogen. Furthermore, the high-resolution N 1s
spectra display a peak of around 400 eV (Fig. 3e). Emission in the 399-400 eV
region can originate from nitriles (N triple-bonded to only one carbon), graphitic
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N (bonded to three carbons),24 or adsorbed nitrogen, but also from the interstitial

integration of nitrogen into TiO, lattice.
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Fig. 3. XPS survey spectra of TiO,/C and TiO,/CN samples with various nitrogen content (a),
the high-resolution spectra of Ti 2p (b), O 1s (c), C 1s (d) and N 1s (e) of TiO,/CNy s.

Nitrogen adsorption isotherms obtained for undoped and TiO,/CN samples
are given in Fig. 4a, as the dependence of the adsorbed amount of Ny (z / mmol
o~1) and relative pressure (P/P) at the temperature of liquid nitrogen. Obtained
isotherms are type IV of IUPAC classification,2> containing a hysteresis loop,
which indicates a mesoporous material. The observed hysteresis loop of type H2
is typical for the pores of undefinable shape.

Additionally, non-limiting adsorption at high P/Py, observed for N-doped
samples indicates the presence of slit-shaped pores at non-rigid aggregates of
plate-like particles.26 Pore size distribution (Fig. 4b) for all samples is very nar-
row and close to the limiting value between micro and mesopores (2 nm). This
means that these materials can be considered microporous with a small fraction
of mesoporousness. Values for the average pore width (), for all samples, along
with the calculated porosity parameters (SBET, Smeso» Smic> Vmic) are given in
Table II. The mesoporous TiO»/C sample showed an Sggt of 174.08 m? g1 and
an average pore width of 3.78 nm.

On the other hand, all TiO»/CN composites are mainly microporous, with a
maximum pore radius of about 2.2 nm. Also, it was found that the SggT of
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N-doped samples, ranging from 186 to 239 m? g1, increase with nitrogen con-
tent. Consideration of the obtained results indicates that melamine addition in
reaction mixture leads to the decrease of average pore width, and drastically inc-
reases the microporosity, as well as SgrT values of obtained TiO,/CN samples.
As it was reported previously,2’ these changes in specific surface area and
average pore width may be the consequence of the substitution of carbon atoms,
most likely located on the reactive edges, with nitrogen atoms during
hydrothermal synthesis. These incorporated N atoms could act as a catalyst for
porosity development.
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Fig. 4. Nitrogen adsorption isotherms (a) and pore size distribution (b) for TiO,/C and
Ti0,/CN samples.

TABLE II. Porous properties of TiO,/CN samples

Sample Sppr/m2 gl Speeo/m2gl S /m?gl Vinic/ cm3gt 1) /nm
TiO,/C 174 168 6 0.048 3.78
TiOo/CNo 05 231 32 199 0.231 237
TiO,/CNy | 186 17 169 0.194 2.11
Ti0,/CN s 239 2 217 0.246 2.38

XRD analysis was performed to determine the content of crystalline TiO;
phases in TiO,/C and TiO,/CN composites, as well as the crystallite size. XRD
diffraction pattern for all tested samples (Fig. 5) showed the presence of a charac-
teristic peak for anatase (101) (20 = 25.6°) crystalline phase, as well as peaks at
20 38.2 (112), 48.3 (200) and 54.6° (105) also arising from anatase crystalline
modification.!0:28 The presence of a low-intensity peak at 20 = 27.7° (110), ori-
ginating from rutile crystal modification, was observed for the undoped sample
TiO,/C (Fig. 5).28 However, no distinguish peaks characteristic for the rutile
phase were displayed on XRD diffraction patterns of TiO/CN composites. A
shoulder appearing at 26 = 26° (110), visible on the XRD diffraction pattern of
all TiO/CN composites, may originate from the photocatalytically inactive crys-
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talline phase of brookite, as well as from titanium nitride.2% The presence of these
phases may affect the photocatalytic activity of the examined composites, espe-
cially of sample TiO,/CNgs which shows the shoulder of higher intensity.
Although XPS analysis showed that nitrogen was most likely incorporated in
carbon lattice, the addition of melamine to the starting reaction mixture affected
the structure of N-doped composites by favoring the formation of the anatase
phase and suppressing the formation of the rutile phase.

A (101)

A(112) A(200) A (105)

R (110)
RLlod Tio,/C

Intensity, a.u.

TiO,/CN,

5
TiO,/CN, ,

TiO,/CN, ,
W

20 30 40 50 60
26/ °

Fig. 5. XRD patterns of examined samples.

The calculated approximate values of the fraction of TiO, crystalline phases
and the size of the crystallite are shown in Table III. The undoped sample,
TiO,/C, contains 24 % of the rutile phase, while N doping significantly
decreased the content of the rutile phase. The observed increase of the anatase
phase content should favorably affect the photocatalytic characteristics of
TiO2/CN composites. It can be noticed that N-doping leads to a decrease in the
average grain size, which is dependable on nitrogen content in TiO»/CN com-
posites. The addition of melamine increases the content of amorphous carbon
(Table I), which inhibits the growth of TiO, grains and thus N-doping leads to a
decrease in the grain size. Obtained values for grain size and average pore width
(Table II), suggest that these pores most likely represent interparticle spaces.

The photocatalytic activity of TiO,/CN composites was investigated in the
process of removing methylene blue from aqueous solutions under UV and
visible irradiation. Fig. 6a shows the photocatalytic decomposition of MB as a
decrease in the MB concentration during the time. The entire process of MB
removal lasted 180 min and it was performed in two steps. The first step is rel-
ated to the establishment of an adsorption/desorption equilibrium for 60 min in
the dark, and the second step implied the degradation of organic pollutants in the
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presence of UV or visible irradiation. Fig. 6b summarized the removal efficiency
after the first adsorption step in the dark, the second step of photocatalytic deg-
radation under UV irradiation, and total removal efficiency. At the end of the
first step, TiO/CN samples showed higher adsorption capacity (removing 44-70
% of MB) than sample TiO,/C, which adsorbed about 35 % of the initial amount
of MB. According to the results shown in Fig. 6b and Table II, adsorption effi-
ciency increases with specific surface area, although, a direct relationship bet-
ween SggT and the amount of MB adsorbed cannot be established. N-doped
samples had higher adsorption capacity, but lower photocatalytic efficiency since
N-doped samples showed lower removal efficiency during the irradiation step
than the undoped sample. However, according to Fig. 6b, samples TiO»/CNg s
and TiO/CNg s showed the highest level of adsorption and total removal
efficiency, due to the high specific surface area, which is the result of the highest
content of carbon. Photocatalytic characteristics of examined materials are not
directly influenced by nitrogen content. TiO,/C showed better photocatalytic
activity than N-doped samples, most likely because increased carbon content in
N-doped samples had a negative effect on photocatalytic activity by preventing
light penetration to the TiO;.

TABLE III. Anatase and rutile phase content and grain sizes of TiO,/C and TiO,/CN compo-
sites

Phase content, wt. %

Sampl Crystallite si -
ampre rystafiite size, im Anatase Rutile
TiO,/C 9.76 76.0 24.0
TiO,/CNg o5 7.15 98.0 2.0
TiO,/CNg ; 7.26 99.0 1.0
TiO,/CNy 5 6.52 95.0 5.0
El) 254 ! b) 100 1 adsorption in the dark
\ —v—Ti0/C 90 [ | photocatalytic degradation under UV light
24 i = Tioz”CNn s & 80+ [L_Jtoialremoval
° 16 NN —#—TIO,/CN,, é‘?o- T ]
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o 4] 1 ] 60
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- 1 ]
o 12+ X g 0
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Fig. 6. Photocatalytic decomposition (a) and removal efficiency (b) of MB in the presence of
TiO,/C and TiO,/CN composites.
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Undoped and N-doped samples showed a similar trend in the photocatalytic
activity in the process of methylene blue removal under visible irradiation (Fig.
7a). Samples obtained by adding a larger amount of melamine to the reaction
mixture (TiO/CNg 1, TiO2/CNg 5) show lower photocatalytic activity in the vis-
ible region than the undoped sample. Only the sample obtained with a small
amount of melamine (TiO2/CNy s5) shows a better efficiency than the undoped
sample. As was already mentioned, due to the large specific surface area and the
highest carbon content, sample TiO2/CNg o5 displayed the best efficiency in the
MB removal process. Also, its photocatalytic activity in the decomposition of
MB under visible radiation (4 > 400 nm) was followed by the recording of the
absorption spectra. According to the spectra shown (Fig. 7b), no new absorption
bands appear in the visible or UV area, which confirms the disappearance of the
dye chromophore structure.3 Even though the absorption peak at 663 nm dec-
reases with the increase in reaction time, the MB is not degraded after 24 h.

a) b) 2.0-Photocatalytic degradation
7 Tio/C TiO/CN, under visible light
—+—TIO,/CN, , —— TIO,/CN,

in the dark e
- - —- .
0 R S T 0.0 ; : T
0 20 40 60 80 100 120 140 160 180 200 400 800 800 1000
Time, min Wavelength, nm

Fig. 7. Photocatalytic decomposition of MB in the presence of undoped and N-doped samples
(a) and absorption spectraof MB on TiO,/CN o5 (b).

The possibility of removing selected pharmaceuticals from a multi-compo-
nent solution by TiO2/CN composites under UV irradiation was also examined.
For the purpose of comparison, results obtained by undoped TiO,/C composite
were also presented. Fig. 8 summarized the percentage of removed pharmaceut-
icals by adsorption in the dark, followed by the photocatalytic degradation under
UV irradiation after 180 min, and total removal efficiency.

Generally, all tested materials better adsorb pharmaceuticals of decreased
polarity (higher values of retention time in Table S-II of the Supplementary mat-
erial), except in the case of doxycycline. The higher specific surface area of
N-doped samples, compared to the undoped sample, positively affects the phar-
maceutical adsorption, except for amlodipine adsorption where the undoped
sample showed the highest removal efficiency in the dark. Samples TiO,/CNy
and TiO»/CNy s show a lower efficiency of pharmaceuticals removal under UV
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irradiation (Fig. 8b), compared to the undoped sample and TiO2/CNy 5. Never-
theless, all tested composites demonstrate high efficacy in the total removal (Fig.
8c) of diclofenac, doxycycline, atorvastatin, amlodipine and clopidogrel, which
were completely removed after the adsorption in the dark, followed by photo-
catalytic degradation under UV irradiation.

il
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Fig. 8. Removal of pharmaceuticals from a multi-component solution by TiO,/C and TiO,/CN
composites: a) adsorption in the dark, b) under UV irradiation and c) total removal.
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The percentage of totally removed pharmaceuticals increases with the higher
amount of melamine introduced in the starting reaction mixture, most likely due
to the increased specific surface area and adsorption efficiency. In that way, the
composite obtained with the highest amount of melamine, TiO»/CNy 5, showed
the highest efficiency for removing selected pharmaceuticals from aqueous sol-
utions.

CONCLUSION

N-doped TiOy/carbon composites were obtained by hydrothermal synthesis
using melamine, as a source of nitrogen, though the nitrogen content in TiO»/CN
composites was not directly proportional to the amount of melamine added to the
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reaction mixture. The incorporation of nitrogen affected the structural and sur-
face characteristics of composite photocatalysts, by increasing the specific sur-
face area and microporosity, as well as the content of the photocatalytically act-
ive anatase phase. N-doping affected the efficiency of these composites to rem-
ove methylene blue and selected pharmaceuticals, by increasing their adsorption
efficiency and decreasing photocatalytic activity under UV irradiation. Never-
theless, TiO/CNg o5 composite, obtained by the hydrothermal synthesis in the
presence of glucose and 0.05 g melamine, showed the highest efficiency for
removing selected pharmaceuticals and methylene blue from aqueous solutions
through the combined processes of adsorption in the dark and photocatalytic
degradation under UV and visible irradiation.

SUPPLEMENTARY MATERIAL

Additional data and information are available electronically at the pages of journal
website: https://www.shd-pub.org.rs/index.php/JSCS/article/view/11912, or from the corres-
ponding author on request.
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U3BOL
YTHULAJ IOINMHUPAIA A30TOM HA CTPYKTYPHE U ®OTOKATAJIMTHUKE
KAPAKTEPUCTUKE XUJPOTEPMATHO CUHTETUCAHUX TiO2/KAPBOH KOMIIO3UTA

MAPHHA M. MAJIETUR', AHA M. KAJIWJATTUC®, BJIAIIMMUP JIA30BUR’, CHEXXAHA TPUGYHOBHUR",
BUJbAHA M. BABUR’, AIEKCAHJIPA TAITYEBUR’®, JANEZ KOVAC® 1 MAPHJA M. BYKYUEBUR®

"Unosauuonu Lentwmap Texnomowko—mewmanypuxol paxynmetia, Kapueiujesa 4, 11000 Eeoipag,
*JlaSopatmopuja 3a matdepujane, UHCTuity il 3a HykedpHe Hayke Bunua — HNCIIUTLY T 0§ HAUUOHATHOT
3Hauaja, Ynueepsuitiewi y Beoipagy, Muxe Iletiposuha Anaca 12—14, 11000 Beoipag, 3I/Incu7umyu7 3a
Qusuky — Huclutly i 0g HayUOHATHOT 3Hauaja, Yrnueep3uiteii y beoipagy, ITpeipesuya 118, 11080
Beoipag, 4Xemujc1{u Qaxynitein, Ynugep3utieii y Beoipagy, Ctuygeniticku wipi 12—16, 11000 Beoipag,
5Texnonoumo—/vwwanypmxu axyniteii, Ynugep3uitieil y Beoipagy, Kapneiujesa 4, 11000 Beoipag u
SDepartment of Surface Engineering, Institute JoZef Stefan, Jamova cesta 39, 1000 Ljubljana, Slovenia

TiOz/xapboH xomno3sutu pnonupaHu asoTom (TiOz/CN) modujeHu cy XumpoTepMaaHOM
KapDOHHM3allMjoM CMellle TUTAaH HU30MPOIOKCHAA U IIYKO3€, Y MPUCYCTBY Pa3IHMYUTHUX KOJH-
YMHa MeJaMHHa Kkao NpeKypcopa a3oTa. U3BplieHa je MOBPIIMHCKA U CTPYKTYPHA KapaKTepH-
3allMja MaTepHjana, a #OOHjeHH pe3ynTaTy cy ynopeheHu ca kapakTepuCcTHKama HelOMUPaHorT
TiO2/xapdoH xommo3urta. POTOKATATUTUYKA AKTUBHOCT JOOMjEHUX KOMIIO3UTA HCIUTAHA je
(poTOKaTATUTUYKOM PAa3rpaliboM METHJIEHCKO IUIAaBOT ¥ JIEKOBA M3 MYITHKOMIIOHEHTHOT
BOJIEHOT pacTBOpa. YTBpheHo je ma nomupame a3oToM TiO: xapboH KOMIIO3WTa JOBOOU IO
MPOMEHa y CTPYKTYPHHUM H TOBPIIWHCKAM kapakTepuctukama Ti02/CN xommo3ura, modom-
maBajyhu BUXOBY afiCOPNLHUOHY eUKaCHOCT, alnu cMawyjyhu doToKaTaIuTUUKy aKTUBHOCT.
INokasaHo je fja € IPUMEHBEHOM METOJJOM XUAPOTEPMAaIHE KapOOHU3aLuje MOry JOOUTH edHu-
KaCHU KOMIIO3UTH 3@ yK/Iamame ofadpaHMX JIEKOBA U METHUIEHCKOT IJIaBOT U3 BOJEHUX pac-
TBODa, IPUMEHOM TIpolieca afcopnuuje y Mpaky, npaheHor GoTOKaTaIUTHYKOM pasTpafmboM
nox UV 1 BUI/BUBUM 3paueHEM.

(ITpumsbeno 8. jyna, pesupupano 11. okrodpa, mpuxsaheno 15. oxrodpa 2022)
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