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Various metal-doped TiO2 nanoﬁbers were prepared by hydrothermal synthesis followed by the thermal treatment in air. An array of metal dopants including Ag, Au, Co, Cr, Cu, Fe, Ni, Pd, Pt, Y, and Zn, were respectively
doped into TiO2 NFs to acquire the visible-light photocatalytic activity. Considering the photodegradation results
under visible-light illumination, Ag doped TiO2 NFs was chosen to study further. Then, the optimal doping level
and calcination process were studied systemically to obtain the highly visible light active Ag doped TiO2 NFs. As
the Ag doping concentration increased up to 5.00 mol%, anatase to rutile phase transition was observed.
Meanwhile, based on the consistent results of synchrotron X-ray spectra, element analysis, and morphological
observation, Ag2O was detected and located on the surface of as-synthesized Ag doped TiO2 NFs. Thus, the
photodegradation of methyl orange by using 5.00 mol%-Ag doped TiO2 NFs calcined at 600 °C performed the
highest visible-light photodegradation activity. Moreover, it also showed the excellent disinfection against E. coli
and S. aureus under visible light due to the synergistic eﬀect of Ag2O and photo-induced reactive oxygen species
(ROS) formed by TiO2 photocatalyst. The synthesized Ag doped TiO2 NFs makes large-scale and convenient
fabrication possible, and it has tremendous practical potentials in the photodegradation of environmental pollution and disinfects bacteria behavior.

1. Introduction
Titanium dioxide (TiO2) photocatalytic phenomena attract a lot of
interests due to its ability to destroy organic compounds in contaminated air or water [1–4] and its antibacterial behavior [5–7]. TiO2
shows many advantages, such as low cost, environmentally friendly,
non-toxic to human, and high photocatalytic activity. However, its
practical applications are greatly restricted due to the wide band gap
(anatase TiO2 ∼ 3.2 eV; rutile TiO2 ∼ 3.0 eV) and low separation
probability of the photoinduced electron-hole pairs [8–10]. Hence,
numerous research groups have provided a lot of ways to enhance absorbing ability in the visible range. The one-dimensional titanate materials synthesized from TiO2 powders in alkaline solutions have opened
up new possibilities for large-scale and simple production of TiO2 nanoﬁbers by annealing the obtained titanate materials in the air. In the
practical applications, one-dimensional materials are much easier to
achieve a percolated electrical network with elongated materials than
ordinary nanoparticles [11–13]. Furthermore, bundling of one⁎

dimensional materials contributes some mechanical robustness in tangled networks and results in better entanglement with other nanoﬁbers
when forming macroscopic ﬁlms [14–16].
In recent years, many eﬀorts have been carried out to narrow the
band gap. One of such eﬀorts is to dope metal or non-metal onto TiO2.
TiO2 incorporated with non-metal element such as carbon [17–19],
nitrogen [17,20–22], sulfur [23,24], ﬂuoride [25,26], iodine [27,28],
phosphor [29], and boron [30,31], have successfully narrowed the
band gap and have extended absorption band over the visible region
[32,33]. However, the photocatalytic activity is still not ideal. However, metal-doped TiO2 with Au [34–36], Ag [37], Cu [38,39], Co [40],
Fe [41,42], Pt [35,43,44], Pd [35,45,46], Ru [47], V [48], and Zn
[49,50] have eﬃciently improved the separation of the electron and
hole, and have reduced the recombination of electron-hole pair, which
caused a substantial increase in photocatalytic activity. [51] Ag doped
TiO2 has been synthesized by sol-gel method, impregnated method, or
hydrothermal method. The incorporation of silver ion increased the
absorption band to the visible range and this promoted the
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Xﬂash 430) using Cu Kα radiation at 30.0 kV and 300.0 mA. XRD patterns were collected from 2θ between 10 and 80 with a 0.005° step at
5° min−1. For Raman scattering spectra, the samples were positioned on
a high-resolution piezoelectric stage of the scanning microscopy
(WiTec, Alpha 300S) and were excited by a 532 nm He-Ne laser
(25 mW). The laser beam was focused with a 10× objective lens (Nikon
plane objective, NA ≈ 0.9), and the diameter of the focused laser beam
was about 10 μm. Spherical-aberration Corrected Field Emission
Transmission Electron Microscope (JEOL, JEM-ARM200FTH, Japan)
was used to observe the microstructures of Ag doped TiO2.
For the measurement of photodegradation activity, 20.0 mg of catalyst was sonicated for 1 min in 150 mL of 1.0 mg/L methyl orange
(ACROS, pure) aqueous solution. The suspensions were left to relax for
30 min in order to minimize the error of the dye concentration measurements caused by initial surface adsorption. The temperature of the
mixture was kept near room temperature. The light sources include UVB lamps (Sankyo Denki G15T8E 8W, the wavelength of maximum
emission is ~312 nm), and visible lamps (Goodly, F8T5/D 8W). The
suspension under vigorous stirring was irradiated with the two lamps at
ambient conditions. The distance between each lamp and reactor is
about 5.0 cm. After centrifuging for 15 min at 5000 rpm, the absorption
spectrum of the retained methyl orange and its derivatives in the supernatant was recorded by absorption spectrophotometer (JASCO
Analytical Instruments, V-730, Japan) in the 300–800 nm wavelength
range.
For the testing of disinfection, a gram-positive bacterium,
Staphylococcus aureus (S. aureus, ATCC 25923), and a gram-negative
bacterium, Escherichia coli (E. coli, ATCC 2952) were used as test bacteria. These two bacteria are both common pathogens in clinical practice. All of phosphate-buﬀered saline (PBS) solution and vessel were
sterilized in autoclave at 125 °C for 30 min. Before mixing with TiO2
suspension, S. aureus and E. coli were activated respectively and further
suspended in PBS solution in a diluted concentration of ~106 CFU/mL.
On the other hand, 10.5 mg of various TiO2 including pristine TiO2 NFs,
AEROXIDE® P25 TiO2 (TiO2-P25), and Ag doped TiO2 NFs were dispersed well in 7.0 ml of deionized water, respectively. Next, 1.0 mL of
TiO2 suspension and 5.0 ml of bacterial suspension were mixed in an
optical glass tube. These tubes were placed under 2 pieces of visible
light lamp (Goodly, F8T5/D, 8W). The distance between lamp and tube
was consistently at 10 cm. The mixtures were incubated at 37 °C for
24 h under visible irradiation. At various irradiation intervals, the
mixtures were sampled and re-cultivated on agar plate at 37 °C for 24 h
to observe the growth behavior of bacterial colonies.

photocatalytic activity due to surface plasmon resonance [52–55].
These results show that incorporating metals onto TiO2 signiﬁcantly
enhance the photocatalytic performance. The photocatalytic performance of metal doped TiO2 depends on the concentration and the
character of the dopant ion.
Metal oxides as photocatalyst have already adopted in antibiotic
applications for killing bacteria, such as Escherichia coli (E. coli),
Staphylococcus aureus (S. aureus), Pseudomonas aeruginosa (P. aeruginosa), and Salmonella enterica (S. typhi), and created a great knowledge
base on kinetic mechanism of photocatalytic antibacterial [56–58]. The
nanostructured TiO2 doped with these photocatalysts, such as ZnO,
CeO2, and Fe2O3, can produce large amounts of reactive oxygen species
(ROS) including hydroxyl radical (•OH), singlet oxygen (1O2), and superoxide anion (O2%–) to perform an outstanding antibiotic behavior
under irradiation [57]. Considering the extension of visible-light absorption, using nanostructured TiO2 that are single element doped,
multi elements doped, or co-coated are the beneﬁcial strategies in improving the activity both in the photodegradation of dye and in the
antibiotic property [59–61]. Silver, the most appealing element in antibiotics, and its derivative compounds can be incorporated into TiO2
nanomaterials to create a lot of potential. In case of relevant mechanism
on the antibiotic property, the various heterojunctions in TiO2 might
directly contribute to the microstructure, the morphology, the chemical
reaction path, and the reduction potential toward the formation of ROS.
The comprehensive mechanism that depends on these factors should be
investigated case by case in detail.
In this study, we ﬁrst synthesized many kinds of metal doped TiO2
NFs in searching for the optimal metal dopant, the optimal doping
concentration, and the optimal calcination process. After comparing the
visible-light photocatalytic activities and the cost of the metal precursor, Ag doped TiO2 NFs showed that silver ion dopants are the best
candidates. Aiming to optimize the photocatalytic activity of this series
of nanoﬁbers, the particle size, the optical properties, the crystal
structure which was aﬀected by calcination temperature, and doping
concentration are further discussed. Furthermore, loading of Ag2O nanoparticles onto TiO2 surface and the related chemical states were
performed and further characterized. Finally, we presented their disinfection properties and the possible mechanism by analyzing the ROS.
2. Experimental details
For the synthesis of metal doped TiO2 NFs, we added 2.50 g TiO2
anatase powder (Aldrich, 98%) and various transition metal precursor
into 62.5 mL of 10.0 M NaOH solution in a teﬂon-lined autoclave under
150 °C for 24 h. The transition metal precursors include: silver nitrate
(AgNO3,
CHONEYE),
tetrachloroauric(III)
acid
trihydrate
(HAuCl4·3H2O, ACROS), cobalt (II) nitrate hexahydrate (Co
(NO3)2·6H2O, ACROS, 99%), chromium(III) nitrate nonahydrate (Cr
(NO3)3·9H2O, ACROS, 99%), copper(II) nitrate trihydrate (Cu
(NO3)2·3H2O, ACROS, 99%), Iron(III) nitrate nonahydrate (Fe
(NO3)3·9H2O, ACROS, 98 + %), nickel (II) nitrate hexahydrate (Ni
(NO3)2·6H2O, ACROS, 99%), yittium(III) nitrate hexahydate (Y
(NO3)3·6H2O, ACROS, 99.9%), zinc nitrate hexahydrate (Zn
(NO3)2·6H2O, CHONEYE, 97%). The doping concentration for all transient metal-doped TiO2 was ﬁxed at 1.00 mol%. In order to exchange
sodium ion for proton, the metal doped sodium titanate nanoﬁbers
were washed with 0.10 M hydrochloric acid (HCl). After that, the
products were washed in deionized water to be neutralized. After ﬁltering, they were dried at 80 °C. Finally, metal doped TiO2 NFs were
calcined at 500, 550, 600, 650, and 700 °C, for 12 h with a heating rate
of 5 °C/min.
In addition, UV–vis reﬂectance spectra of the various metal doped
TiO2 NFs were measured by UV-VIS Spectrophotometer (JASCO
Analytical Instruments, V-650, Japan) in the 300–800 nm wavelength
range. The crystal structures of the various metal doped TiO2 NFs were
determined by X-ray diﬀractometer (XRD, Bruker, D2 phaser with

3. Results and discussion
3.1. Photodegradation of various transition metal doped TiO2 nanoﬁbers
Transition metal doping has been considered an eﬃcient strategy in
the TiO2 modiﬁcation. The eleven kinds of transition metal dopants
including Ag, Au, Co, Cr, Cu, Fe, Ni, Pd, Pt, Y, and Zn were doped into
TiO2 nanoﬁbers by hydrothermal synthesis and further calcined at
600 °C in air. To evaluate the photocatalytic activity, these various TiO2
NFs were ﬁrstly tested in the degradation of methyl orange (Fig. 1).
Speciﬁc metal dopants including Cu, Pd, Pt, Zn, and Ag presented the
excellent photodegradation activity under UV irradiation. Compared to
pristine TiO2 and commercial TiO2-P25, the as-mentioned dopants also
showed higher photocatalytic activity. The slightly doping concentration in the TiO2 photocatalyst usually enhances the optical absorption
as well as increases the conductivity and/or improves their crystallinity
to promote the charge carrier transport. However, in the case of chromium as dopant, it showed quite low photocatalytic activity. It might
be attributed that the excessed Cr dopant in the TiO2 might directly
destroy the crystallinity of TiO2 NFs and further reduce their activity.
Among them, Ag doped TiO2 showed the highest activity under UV
irradiation. For the practical application, the visible-driven
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temperature improved the ordering of anatase TiO2 lattice. At the calcination temperature of 650 °C, the diﬀraction peaks of Ag doped TiO2650 can be perfectly indexed as the body-centered tetragonal unit cell
of anatase TiO2, with unit cell parameters a = b = 3.78 Å and
c = 9.52 Å [JCPDS 21-1272]. The crystallite size of (101) plane in
anatase TiO2 is estimated by using Debye-Scherrer equation to discover
the calcination temperature eﬀect on the crystal structure.
The mean crystalline domain sizes are calculated by Debye-Scherrer
equation.

τ=

Kλ
βcosθ

(1)

Here, τ is the mean size of the crystalline; K is a dimensionless shape
factor of 0.9; λ is the CuKα wavelength of 1.54 Å; β represents the full
width at half maximum; and θ is the angle of the diﬀraction peak. As
shown in Fig. S1(b), increasing the calcination temperature leads to the
formation of large crystallite size. In this case, few silver dopant existed
in TiO2 lattice did not lower the ordering arrangement and exhibited a
similar tendency compared to pristine TiO2 nanoﬁbers [62].
The Ag doped TiO2-X series was further investigated by photodegradation of methyl orange as shown in Fig. S1(c). The photodegradation of methyl orange mostly follows Langmuir-Hinshelwood
kinetics, which can be simpliﬁed to the ﬁrst-order kinetics at lower
initial methyl orange concentrations, mathematically described as –ln
(C/Co) = kt; where C is the concentration of methyl orange at time t,
C0 is the initial concentration of methyl orange, and k is the apparent
reaction rate constant [63,64]. Plotting the logarithm of the reciprocal
of methyl orange concentrations as a function of time can further obtain
the linear slopes as the reaction rate constant k for various Ag doped
TiO2-X. Ag doped TiO2-600 showed the highest reaction rate constant
among the Ag doped TiO2-X series. Its calculated rate constant was
~0.021 min−1 (Fig. S1(d)). Thus, we chose Ag doped TiO2-600 for the
further study.

Fig. 1. The photodegradation activity of TiO2 P25, pristine TiO2, and various
transient metal doped TiO2 NFs under UV-B irradiation and visible light irradiation.

photocatalysis and competitive price must be considered. Among these
metal dopants, the photocatalytic activity of Y dopant has been promoted due to the improved optical absorption. Particularly, Pd, Pt, Zn,
and Ag still maintained excellent photodegradation behavior. In this
case, Ag dopant not only shows the highest activity under visible illumination, but Ag dopant is also at the acceptable cost compared to Pd
and Pt. Meanwhile, silver derivatives reveal the cytotoxicity and possess an excellent potential on the water disinfection. Thus, Ag was
chosen for further investigation.
3.2. Optimizing annealing condition of Ag doped TiO2 nanoﬁbers

3.3. Optimizing doping level on Ag doped TiO2 nanoﬁbers

The annealing process usually dominates various crystal structures
and crystallinity, further presenting various photocatalytic performance. In order to ﬁnd the optimal preparation process, we calcined Ag
doped TiO2 at various temperatures in air for 12 h. These samples were
denoted as Ag doped TiO2-X where the symbol “X” represents the calcination temperature. The crystal structures of the Ag doped TiO2-X
series were characterized by X-ray diﬀractometer as shown in Fig.
S1(a). The intensity of reﬂection for Ag doped TiO2-X series increased
as calcination temperature increased because the rising calcination

The correlation between doping concentration and crystal structure
of Ag doped TiO2-600 series with various doping levels were studied.
These Ag doped TiO2-600 were denoted as Y-Ag doped TiO2 where the
symbol “Y” represents the doping levels. Raman spectra of Y-Ag doped
TiO2 series can be clearly assigned to the typical phonon vibration
mode of anatase TiO2, which are illustrated as shown in Fig. S2. But, the
weak Raman scattering signal of silver was not detectable even when

Fig. 2. (a) Synchrotron X-ray spectra and (b) the magniﬁed synchrotron X-ray spectra at 2θ ranged from 18.0 to 26.0° of Y-Ag doped TiO2 series with slow scan rate of
0.005°·s−1.
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Fig. 3. (a) Appearance and (b) Kubelka–Munk function spectra of Y-Ag doped
TiO2 series.

the doping concentration reached 10.00 mol%. For intense study of
silver characterization, we studied the crystal structure by measuring
the relevant synchrotron X-ray spectroscopy. In Fig. 2, we found that all
diﬀraction peaks are derived from TiO2 anatase phase as the doping
concentration ranged from 0.00 to 3.00 mol%. Interestingly, when the
Ag doping level reached above 5.00 mol%, the diﬀraction of Ag2O and
TiO2 rutile phase were both present. It meant that the increased doping
concentration might cause TiO2 phase transformation from anatase to
rutile because the ordering arrangement of anatase phase was reduced
by silver dopant. Meanwhile, Ag2O might start to precipitate and exist
in the TiO2 structure. The diﬀraction peak can be respectively indexed
to (111) plane and (200) plane of Ag2O at 2θ of 21.32° and 25.13°
[JCPDS 41-1104].
The Ag doping eﬀect on TiO2 contributes to the diﬀerence of optical
properties. The appearances of various TiO2 catalysts are shown in
Fig. 3(a) and their color darkened as the doping level increased. To
understand the relationship between Ag doping levels and optical
properties, the Kubelka–Munk function was used to measure as shown
in Fig. 3(b). We can observe that the absorbance in visible light increases as the Ag doping concentration increases, which can be attributed to the typical absorption of Ag2O and surface plasmon resonance
by Ag depositing on TiO2 surface.
Y-Ag doped TiO2 series was further investigated for the photodegradation of methyl orange (Fig. 4(a)). Under 16 W of visible light
irradiation, 5.00 mol%-Ag doped TiO2 gave the fastest decoloration
phenomenon for the photodegradation of methyl orange. Its calculated
rate constant was ~1.4 × 10−3 min−1. In case of visible light irradiation, the entire Y-Ag doped TiO2 series showed higher activity than
commercial TiO2-P25 due to the signiﬁcant optical absorption. In the
meantime, 5.00 mol%-Ag doped TiO2 showed stronger photodegradation activity to rhodamine 6G and brilliant green (Fig. 4(b)) owing to
the signiﬁcant adsorption behavior. It is attributed that two cationic
dyes are easily attracted by photo-induced electrons on Ag doped TiO2.
The related speciﬁc surface area measured by BET and BJH method
were reported in Table S1. Compared to pristine TiO2 NFs, 5.00 mol
%-Ag doped TiO2 showed higher surface area. We speculated that there
were diﬀerent morphologies constructed in nanoscopic. Besides, the
photocatalyst revealed a good stability as shown in Fig. S3. The

Fig. 4. The bar graph of photodegradation reaction rate constants of (a) TiO2P25, pristine TiO2, and Y-Ag doped TiO2 series under visible light irradiation,
and (b) 5.00 mol%-Ag doped TiO2 toward methyl orange, rhodamine 6G, and
brilliant green.

degradation activity can be maintained after stored at ambient condition for 6 months. After used in the photodegradation experiment, we
found that the intensity of diﬀraction peak at 2θ of 25.3° did not decrease (Fig. S4). It was attributed to the chemical state of silver oxide
was stable and did not to form other silver derivatives. These results
provided the additional evidence to explain the superiority of Ag doped
TiO2 on the application of the photodegradation.
The microstructures of 5.00 mol%-Ag doped TiO2 was observed by
HRTEM. For Fig. 5(a), we can observe that TiO2 is present as nanoﬁber.
Moreover, we found that some nanoparticles deposited on the surface of
5.00 mol%-Ag doped TiO2 (Fig. 5(b)) and its particle size is ~10 nm
(Fig. 5(c)). It is clear evidence to depict the higher surface area of Ag
doped TiO2. The d101 of anatase phase in the Ag doped TiO2 is about
3.53 Å, (Fig. S5(a)) while d200 of silver oxide is about 2.28 Å. (Fig.
S5(b)) To further conﬁrm the chemical composition of nanoparticles
deposited on the surface of TiO2, the energy dispersive X-ray analysis
was applied in this study. Fig. 5(d) shows the chemical distribution of
each components, including silver (Fig. 5(e)), oxygen (Fig. 5(f)), and
titanium (Fig. 5(g)). From the results of energy dispersive X-ray analysis, the nanoparticles deposited on the surface of 5.00 mol%-Ag doped
TiO2 is silver oxide.
To clarify the exact loading of silver and silver oxide in the Agdoped TiO2, we further studied the surface composition by XPS as
shown in Fig. S6 and Table 1. With increasing the doping concentration,
Ag molar ratio of Y-Ag doped TiO2 series was increased and showed a
higher concentration than theoretical doping concentration. It can be
attributed to most of the silver/silver oxide that existed near the TiO2
surface. The other related elements including Ti and O were presented
in Figs. S7 and S8. Furthermore, the respective loading amount of Ag,
Ag2O, and AgO were calculated as listed in Table S2. Few amounts of
metallic Ag and AgO compound can be identiﬁed. Over half of the
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Fig. 5. (a,b) HRTEM images, (c) high-magniﬁcation image, (d) energy dispersive X-ray spectra, and chemical component distribution of (e) silver, (f) oxygen, and (g)
titanium, of 5.00 mol%-Ag doped TiO2.

the cellular membrane and cause osmotic pressure imbalance, which
resulted in bactericidal eﬀect. Moreover, Ag ions or Ag nanoparticles
usually play an important role in antibacterial activity. When Ag ions or
Ag NPs from the Ag doped TiO2 surface was slightly released or gotten
close to bacteria, these Ag derivatives might react with cell membrane
and alter its structure and permeability. These Ag ions or ROS produced
by TiO2 passed through damaged cell membrane easily and further
oxidized the proteins. Several literatures also reported that Ag likely
reacted with thiol group in proteins of bacteria [65–68]. Overall, Ag
doped TiO2 showed the most eﬀective disinfect bacteria eﬃcacy.

Table 1
Ag molar ratio of Y-Ag doped TiO2 series.
Sample

Ag / Ti + Ag (%)

0.50-Ag doped TiO2
1.00-Ag doped TiO2
3.00-Ag doped TiO2
5.00-Ag doped TiO2
10.00-Ag doped TiO2

3.1
7.2
12.8
16.6
16.6

loading amounts was dominated by Ag2O. According to the above results and analysis of synchrotron X-ray spectroscopy, we clariﬁed that
Ag2O nanocomposite is mainly consisted in the Ag doped TiO2.

3.5. Possible disinfection mechanism
The ROS detection helps us realize the photocatalytic mechanism on
the disinfection. Due to the similar reaction pathway between photodegradation and photo-induced disinfection, the detection of ROS can
be performed directly in the way of a decoloration experiment of organic dyes with speciﬁc scavengers. We adopted three types of scavengers, including 1,4‑benzoquinone (BQ), tert‑butanol (TBA), and
ammonia oxalate (AO) to investigate the formation of superoxide radicals, hydroxide radicals, and holes, respectively. In Fig. 7(a), during
photodegradation of methyl orange by pristine TiO2, adding BQ signiﬁcantly hindered the decoloration, while the AO and TBA only did
slightly. In addition, we calculated the degradation eﬃciency of photodegradation, which is deﬁned by:

3.4. Disinfection properties of Ag doped TiO2 nanoﬁbers
The disinfection of the Ag doped TiO2 NFs under visible light irradiation was investigated. The bacterial colonies of S. aureus and E. coli
are shown in Figs. 6 and S9. Compared to the control experiment, we
clearly observed that the colonies of S. aureus incubating with TiO2-P25
and pristine TiO2 kept in high density as incubation time increased. The
growth of S. aureus was not aﬀected by either TiO2-P25 or pristine TiO2,
and survived well in PBS/TiO2 solution at all time. Also, it could be
explained that the photocatalytic activities of both TiO2-P25 and pristine TiO2 were quite low under visible irradiation. There was not enough ROS against S. aureus. In contrast, when S. aureus was incubated
with 5.00 mol%-Ag doped TiO2 in PBS solution, the bacterial colonies
decreased rapidly since the ﬁrst hour, and the colony did not expand as
the incubation time increased. This growth inhibition was even more
obvious in E. coli disinfection experiment (Fig. S9). We found that the
colonies of E. coli vanished earlier than that of S. aureus. The ﬁnding
may be related to the thinner peptidoglycan layer of the E. coli membrane. Based on the above results, we proposed that there was a synergistic eﬀect by Ag doped TiO2 against bacteria, which attributed to
ROS being produced by TiO2 and Ag ions. These radicals could damage

C
Degradation efficiency (%) = ⎛1 − t ⎞ × 100%
Ci ⎠
⎝
⎜

⎟

(2)

where Ct and Ci respectively represent the terminal concentration and
initial concentration of methyl orange in the photodegradation experiment. The calculated degradation eﬃciency for pristine TiO2
without any scavengers is about 80% as shown in Fig. 7(c). Once BQ,
TBA, and AO were respectively added to the photodegradation experiment, the degradation eﬃciencies obviously declined. It meant that
there were lots of %OH radicals, a few O2%− radicals and holes formed
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Fig. 6. The growth colonies of S. aureus (control sample) and S. aureus mixed with TiO2-P25, pristine TiO2, and Ag doped TiO2, treated with various visible light
irradiation time and Ag doped TiO2 inhibited S. aureus entirely since the ﬁrst hour.

Fig. 7. The photodegradation charts of (a) pristine TiO2 and (b) Ag doped TiO2 toward the methyl orange under light irradiation, and their related degradation
eﬃciency of (c) pristine TiO2 and (d) Ag doped TiO2.
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Fig. 8. The disinfection mechanism of Ag doped TiO2 NFs.
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