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Abstract: The Ag deposition on TiO,nanoparticles (Ag-TiO,
NPs) and N-TiO, nanoparticles (Ag-N-TiO, NPs) has been
made by electrochemical methodology in view of improved
antibacterial properties and enhanced photocatalytic
activity under visible light irradiation. The particle size in
powder and in dispersion showed similar values and good
stability in aqueous medium which made them suitable
for use in leather surface covering for new multifunctional
properties development. The diffuse reflectance spectra
of Ag-TiO, NPs, Ag-N-TiO, NPs and TiO, NPs have been
investigated and correlated with their photocatalytic
performances under UV and visible light against different
silver concentrations. The leather surfaces treated with
Ag-N-TiO, NPs showed advanced self-cleaning properties
under visible light exposure through the hydrophilic
mechanism of organic soil decomposition. Moreover the
bacterial sensitivity and proven fungitoxic properties
of Ag-N-TiO, NPs leads to the possibility of designing
new multifunctional additives to extend the advanced
applications for more durable and useable materials.
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1 Introduction

One of the challenges of large scale application of
titanium dioxide nanoparticles is the increased spectral
photosensitivity to the visible light domain which can be
reached by doping or surface deposition of photocatalysts
with metals and/or non-metals. The preparation method
for doped photocatalysts is essential for the catalyst’s
activity performance under visible light [1, 2].

The enhanced self-cleaning or antimicrobial
properties of silver doped or deposited titanium dioxide
(Ti0,) nanocomposites were shown in different studies in
which they were synthesized by physical [3-9] or chemical
techniques [10-13].

The improved photocatalytic activity of silver-titanium
dioxide nanocomposites (Ag-TiO, NP) is explained by
the role of silver as an electron trap that inhibits the
recombination of electron-hole pairs generated by light
on the TiO, surface [14-19]. The concentration of silver
nanoparticles (Ag NP) was also found to be important for
extending the light absorption of nano titanium dioxide in
the visible light domain, an effect of electron traps in TiO,
band gap [20].

Antibacterial activity against Escherichia coli under
visible light was revealed for 0.15% silver doped titanium
dioxide while a concentration of 0.05% dopant exhibited
the highest decomposition efficiency of Rhodamine B [21].
Improved properties against bacteria and Rhodamine B
were also registered for a filtration membrane treated with
silver doped titanium dioxide [22]. Ag/TiO, nanofibers
prepared by combining electrospinning technology and
the solvothermal route also showed excellent properties
for Rhodamine B photo-decomposition [23].

Recently, the heterogeneous catalyst based on silver
and copper nanoparticles, deposited by dipping on
cotton fabric showed excellent self-cleaning properties
against organic matters. This marked the beginning
of the era of multifunctional consumer goods treated
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with photocatalysts, active in visible light [4, 24].
The antimicrobial properties of textiles can be induced by
a large number of inorganic based nanoparticles which
require facile manufacturing techniques for scale-up at
industrial level [25].

Silver nanoparticles proved to be effective across a
wide antibacterial spectrum both in solution and in
different nanocomposites for applications to medical
products [26, 27]. Silver nanoparticles’ antibacterial
mechanism was demonstrated through the release of
a low concentration of silver ions [28] which were able to
generate reactive oxygen species resulting in oxidative
damage to bacteria cells [29]. In other studies, the excellent
antimicrobial properties of Ag-TiO, nanocomposites [6]
and films [30] were attributed to the synergistic generation
of zero valent nanosilver [31,32].

Our research should be viewed in light of the
development of materials with multifunctional properties
and the reduction of volatile organic compounds used as
biocidal or dry cleaning chemicals. This paper presents
new photocatalysts based on AgTiO, and Ag-N-TiO,
nanoparticles synthesized by via the electrochemical
route and their application to leather surface coating.
The electrochemical synthesis method is recognized as a
versatile low temperature approach which is easy to scale
up. This synthesis method allows the control of the final
product characteristics by varying parameters such as
potential, current density, temperature and pH [33].

2 Experimental

2.1 Materials

TiO, and N-TiO, nanopowders of 99.5% purity were
supplied by TitanPE Technologies, Inc., China (surface
area of 115 m?/g and average pore size of 130 Z\).

Sodium polyacrylate (Na-PAA) with average Mw of
2100, Orange II (OII), Methylene blue (MB) dyes were of
analytical grade and supplied by Sigma-Aldrich Chemie
GmbH, Germany. The deionized water used had a
resistivity of 18 pQ-cm and a pH value of 5-7.

Sheepskin leathers were manufactured in the Leather
Research Department’s pilot plant according to the
ecological technologies available on the market.
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2.2 Synthesis of doped titania nanoparticles

The method of obtaining Ag-TiO,and Ag-N-TiO, composite
nanopowders consisted of in situ electrochemical
synthesis of Ag nanoparticles in a disperse aqueous
suspension of TiO, NPs or N-TiO,NPs in the presence of
Na-PAA using deionized water whilst stirring vigorously.
The electrochemical method used is also known as
“sacrificial anode method” which results in anodic
solubilisation of Ag electrodes in aqueous medium [34,
35]. The electrochemical synthesis setup consisted of
a cell with two Ag electrodes of 99.999% purity. The
electrode plates (155x27x0.5 mm) were connected to a
constant current generator in the range of 1-5 mA. Current
densities between 0.01-0.06 mA.cm? were applied for 5
h by a constant current pulse reversed generator with a
mechanical stirrer. Work parameters were: 10g/L TiO,
NPs or N-TiO, NPs dispersions, 1g/L Na-PAA, at 20 °C and
shaking speed of 500 rotations/min. Ag-TiO, NPs and Ag-
N-TiO,NPs dispersions were centrifuged and the separated
slurries were dried in oven. The obtained powders were
milled and finely ground by using a Specamill grinding
mixer. Nanocomposites of Ag-TiO, NPs and Ag-N-TiO, NPs
with 0.53%-1.3% Ag concentrations were synthesized via
the electrochemical method. After the characterization,
the selected nanopowders were used for leather surface
finishing (Figure 1).

2.3 Chemical-physical characterizations of
Ag-TiO, NPs and Ag-N-TiO,NPs

Chemical-physical characterizations of Ag-TiO, NPs and
Ag-N-TiO, NPs were performed for silver concentration by
Inductively Coupled Plasma - Optical Emission Spectrometry
(ICP -OES, Agilent 725) according to ASTM E 1479 -99(2011)
standard. Powder morphology and surface composition
analysis were determined by Scanning Electron Microscopy
coupled with Energy Dispersive X-Ray spectroscopy (SEM,
EDX, Quanta 250 GEI). Measurement of particle size in
powder form were performed by Transmission Electron
Microscopy (TEM, Philips EM 410). Particle size and Zeta
potential evaluation in water dispersion of 0.1% NPs were
measured by Dynamic Light Scattering (DLS, Zetasizer
Nano ZS, Malvern). UV-Vis diffuse reflectance spectra
measurements (JASCO V 570 spectrophotometer, equipped
with integrating sphere) and photocatalytic activity of Ag-
TiO, NPs, Ag-N-TiO,NPs and TiO,NPs in dispersion were
tested on OII solution after exposure to UV and Vis light
and by UV-Vis spectra recording at A=365 nm.
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Leather surfaces finished with NPs:
control sample (a), Ag-TiO, NPs(b) and Ag-N-TiO,NPs (c)

Figure 1: Ag-TiO, NPs and Ag-N-TiO_NPs powders and leather surfaces covered with NPs.

— c)

Figure 2: SEM images of Ag-N-TiO,(a) and Ag-TiO,(c) nanopowders and identification of Ag doping on N-TiO,NP surface(b) by EDX.

2.4 Leather surface finishing with Ag-TiO,
NPs, Ag-N-TiO,NPs and TiO,NPs and
characterisation

The selected AgTiO, and Ag-N-TiO, nanopowders were
embedded in finishing layers based on film forming polymers.
This followed classical technologies based on spraying the
aqueous composites on leather surface [36, 37].

The leather surface was investigated for finishing film
morphology characterization and Ag identification using
SEM/EDX (Quanta 200 FEI). Self-cleaning properties under
UV (VL 204 lamp with irradiation at 365 nm) and Vis light
(500W halogen lamp with irradiation between 400-700
nm) exposure of simulated stains (ball pen ink, OII, MB
dyes) were recorded by photography. The antimicrobial
sensitivity and resistance against Epidermophyton
floccosum, Escherichia coli ATCC 25922, Staphylococcus
aureus ATCC 25923, Candida albicans ATCC 26790,
Candida albicans 1726 and Candida albicans 1760 strains
were tested according to EN ISO 20645 and ISO 20743.
The dynamic contact angle modification for water drop
on leather surface was measured using a contact angle
analyzer (VGA Optima XE).

3 Results and Discussion

The powder morphology showed that the grains of Ag-N-
TiO, and Ag-TiO, nanopowders were round, with uniform
shape and size under 30 nm. The doping Ag was identified
by EDX analysis proving a successful loading of silver on
the surface of TiO,NPs and N-TiO,NPs (Figure 2).

TEM analyses of Ag-N-TiO, and Ag-TiO, nanopowders
showed higher particle sizes as compared to N-TiO, and TiO,
nanopowders indicating that electrochemical deposition
occurred on the particle surface. According to literature, the
inclusion of silver nanoparticles inside titania crystallite
would decrease the particle sizes of nanocomposites [38].
In Figure 3 are presented the TEM images for TiO, NPs with
particle size of 25 nm, N-TiO,NPs with 28 nm, Ag-TiO,NPs
with 31 nm and Ag-N-TiO,NPs with 40 nm.

As the nanopowders are used in leather finishing
aqueous composites, the particle size and the Zeta
potential were measured for Ag-TiO, NPs and Ag-N-TiO,
NPs by DLS. In Figures 4a and 4c it can be seen that the
average particle sizes of Ag-TiO, NPs and Ag-N-TiO,NPs are
50 nm and of 55 nm respectively, similar values to those
measured by TEM. It is known that Zeta potential below
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Figure 3: TEM images of: a) TiO,NPs; b) N-TiO, NPs; c) Ag-TiO,NPs and d) Ag-N-TiO, NPs.
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Figure 4: Size distribution and Zeta potential for Ag-TiO, NPs (a,b) and for Ag-N-TiO,NPs (c,d) in aqueous dispersions.

25 mV and above +25 mV indicates a stable nanoparticles
surface without aggregation tendency. Lower values of
Zeta potential suggest aggregation of nanoparticles due to
Van der Waals forces. In Figures 4 b and 4 d, Zeta potential
values of -41.4 mV and - 474 mV for Ag-TiO, NPs and Ag-
N-TiO, NPs can be seen, corresponding to stable water
dispersions. The stability of NP dispersions represents
an important characteristic for uniform distribution on
leather surface and surface contact increase.

UV-Vis diffuse reflectance spectra (DRS) of AgTiO,
NPs, Ag-N-TiO, NPs and TiO, NPs showed an increase of
photocatalytic activity in the visible range. This is due to
the influence of silver and especially of silver and nitrogen
elements which shift the absorbance from the UV to
visible domain in accordance with date from the literature
[32]. As can be seen in Figure 5, 0.5% Ag and N enhance
the absorbance value and generate the shifting of the
so-called tail band to the visible domain as compared to
other concentrations of Ag and with TiO, NPs. It can be
estimated that the photocatalytic activity is increased due
to electron acceptor role of Ag and the facilitation of more
holes to be transported at the surface. The results suggest
that the Ag concentrations of 1.3% and 0.8% blocked
the light from the TiO, NPs surface with the decrease in
photo-induced electrons-holes and catalytic efficiency, in
accordance with literature [39, 40].
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——0.8% Ag-TiO2

——0.5% Ag-TiO2
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Figure 5: UV-Vis diffuse reflectance spectra of Ag-TiO, NPs and Ag-N-
TiO,NPs compared with TiO, NPs and N-TiO, NPs.

The photocatalytic activities of Ag-TiO, NPs and
Ag-N-TiONPs were tested on solutions of 20 ppm OII
with 0.5 g/L nanopowder exposed to UV and visible
light. The photocatalytic activity under UV light was
evaluated depending on Ag concentration with the aim
of selecting the most efficient nanocomposite. Figure 6
shows the improved efficiency of OII dye photocatalytic
decomposition recorded at A=365 nm after 60 minutes of
UV exposure under the influence of doped TiO, NPs. The
concentration of 0.5% Ag deposited on TiO, NPs surface
was shown to be more effective as compared to 1.3% and
0.8% Ag concentrations, in agreement with DRS spectra
(Figure 5) and literature data [32]. Ag electrochemically
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Figure 6: Oll dye photocatalytic decomposition under UV exposure
in presence of different concentrations of Ag deposited on TiO, NPs.
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Figure 7: Oll dye photocatalytic decomposition under visible light
exposure in the presence of TiO, NPs, Ag-TiO, NPs and Ag-N-
TiO,NPs.

deposited on N-TiO,NPs improves the photocatalytic
efficiency of OIl decomposition under UV light.

The photocatalytic activity of Ag-TiO, NPs, Ag-N-TiO,NPs
and TiO, NPs under visible light was measured after 30
minutes of exposure to visible light (Figure 7) and showed
the best photocatalytic decomposition of 20 ppm OII dye in
solution in the presence of 0.5g/L Ag-N-TiO, NPs.

The selected NPs for leather surface finishing were Ag-
TiONPs and Ag-N-TiO,NPs with 0.5% Ag concentration.
The morphology of leather surfaces and the identification
of silver were performed using SEM/EDX analyses and
are presented in Figure 8. The images showed a uniform
distribution of NPs clusters and concentrations of 0.2% Wt
Ag to 0.6% Wt Ag on the leather surface.
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The self-cleaning properties of leather surface treated
with Ag doped TiO,NPs were tested after the simulation of
model staining with ball pen ink, MB and OII dyes and by
monitoring the organic stain degradation over time under
exposure to UV and visible light.

In Figure 9 are presented the photos of organic stains
degradation after 70 hours of exposure to visible light and
100 hours of exposure to UV light. The ball pen ink, MB
and OII stains were degraded only after the visible light
exposure of the leather surface treated with Ag-N-TiO,NPs.
The improved self-cleaning effects on leather surface were
recorded in the case of treatments with Ag-TiO, NPs and
mostly with Ag-N-TiO,NPs under visible light exposure,
thus enhancing the leather durability and consumer
comfort. The results are consistent with information in the
literature regarding the photocatalytic enhancement of
Ag-N-TiO,NPs under visible light exposure against methyl
orange dye or methylene blue decomposition. This was
explained by the decrease in rate of electron—hole pair
recombination on TiO,NPs surface [41, 42] and increased
surface area [43]. The Fermi levels of silver and nitrogen
are lower than those of TiO,, and photoexcited electrons
can be transferred from the conduction band to the
dopant particles deposited on the surface of TiO,, while
photogenerated valence band holes remain in the TiO,.
These activities greatly reduce the possibility of electron-
hole recombination, resulting in efficient separation and
stronger photocatalytic reactions [44, 45]. The mechanism
of improved visible light activity (VLA) of TiO,NPs doped
with noble metal nanoparticles is attributed to the
promotion of interfacial charge separation by electron
attraction and increase of lifetime of the charge separated
species [46].

The results showed clearly that the enhanced
photocatalytic activity of Ag-N-TiO,NPs against organic
matters was successfully transferred not only in aqueous
dispersion but also to leather surface treated with film
forming polymers which are innovative approaches as
compared to the literature [36, 47].

The possibility to avoid solvent use for dry cleaning
and restoring of leather items is an important ecological
issue of NPs use in leather surface finishing. Moreover
in the last decades the demand for light colors, the most
sensitive to soiling, have increased [48].

The photocatalytic activity of NPs on leather surface in
the presence of H,0 leads to a modification of the contact
angle due to the generation of hydroxyl radicals (¢OH) and
superoxide anions (002') after exposure to UV and visible
light. The modification of the contact angle of a water drop
under the treated leather surface was evaluated over time
after exposure to UV and visible light. The hydrophilicity
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Ag-TiO, NPs Ag-N-TiO,NPs TiO, NPs
Figure 8: Leather surface morphology and Ag identification by SEM/EDX.
Initial staining with ball pen ink, After 70 hours of visible light Initial staining with ball pen ink, After 100 hours of UV light
MB and Oll exposure MB and Oll exposure
Ag-N-TiO, NPs
Ag-TiO, NPs
TiO, NPs

Figure 9: Self-cleaning effect of Ag-N-TiO, NPs, Ag-TiO, NPs and TiO, NPs on leather surface exposed to UV and visible light.
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surfaces.

increased while the contact angle decreased under light
exposure of leather surface treated with Ag-N-TiO, NPs, Ag-
TiO,NPsand TiO, NPs. After 2hours of irradiation the contact
angle drops for leather surface treated with Ag-N-TiO, NPs
from 65°-75° to 7°. Ag and N elements act synergistically to
increase TiO, NPs photoreactivity and surface hydrophilicity.
The leather surfaces treated with Ag-TiO, NPs and Ag-N-TiO,
NPs showed the highest hydrophilicity after exposure to UV
and visible light as compared to TiO, NPs, proving that the
self-cleaning effects are generated through photoinduced
catalytic effects. In Figure 10 it can be seen that the induced
hydrophilicity after exposure to visible light is significantly
improved due to the Ag and N elements deposited on TiO,
NP surface, in accordance with the performances of self-
cleaning test results.

The use of silver based NPs as biocides is well-known
for treatment of textiles, plastics and other materials
for medical [49-51] or every day use. Leather with
antimicrobial properties is very important for footwear
lining in the case of diabetic patients or in everyday use,
taking into consideration the high rate of reported foot
mycosis [52]. The other area of application is upholstery
leathers with antimicrobial resistance for the furniture or
automotive industries.

The leather surface sensitivity at direct contact with
Escherichia coli ATCC 25922 and Staphylococcus aureus
ATCC 25923 was evaluated according to EN ISO 20645 for
leather surface treated with Ag-N-TiO,NPs and Ag-TiO,NPs
in comparison to untreated leather surfaces. In Figure 11
there are the optical microscopy images (10X) of colonies
from the areas contacted with leather surface (B) and
from the media in adjacent areas (A). It can be seen that
the treated leather surfaces (Figure 11 a, b, d, e, B areas)
are sensitive to tested bacteria as compared to untreated
leather surfaces (Figure 11 c, f B areas). A clearer medium
after the contact with Ag-TiO, NPs treated leather surfaces
(Figure 11 a and d) can be seen as compared to the medium
after contact with leather surface treated with Ag-TiO,NPs
(Figure 11 b and e), in correlation to the test results for
fungus resistance (Table 1).

The fungistatic activity of leather surfaces treated with
Ag-N-TiO, NPs and Ag-TiO, NPs was evaluated according
to ISO 20743 using the absorption method by direct
inoculation of fungi (Epidermophyton fl occosum, Candida
albicans ATCC 26790, Candida albicans 1726 and Candida
albicans 1760) on leather surface and quantification of
viable colonies after 24 hours. The results are presented
in Table 1 and show that leather surface treated with Ag-N-
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Table 1: The resistance of leather surfaces against Epidermophyton floccosum,Candida albicans ATCC 26790, Candida albicans 1726

andCandida albicans 1760.

Fungus strain T, T,, Reduction T, T,, Reduction
CFU/ml CFU/ml % CFU/ml CFU/ml %
Ag-N-TiO,NPs Ag-TiO, NPs

Epidermophyton 3.42x10° 8x10! 97.66 3.42x103 1.8x10° 47.37

floccosum

Candida albicans 6.6x10° 0 100 6.6x10° 6.6x10° 0

ATCC 26790

Candida albicans 1726 173x10° 13.3x10° 92.3 173x10° 46.6x10° 73

Candida albicans 1760 56x10° 0 100 56x10° 20x10° 64.3

TiO,NPs has excellent resistance against Candida albicans
ATCC 26790, Candida albicans 1760 and good resistance
against Epidermophyton floccosum, specific fungus for
footwear interior.

Ultrastructural analyses elucidating the interaction
between Ag NPs with Candida spp have not been reported.
In 2014, TEM analysis achieved by Vazquez-Murioz et al.,
revealed a high accumulation of Ag NPs outside the cells
but also smaller nanoparticles localized throughout the
cytoplasm [53]. These results suggest that the mode of
action of Ag NPs is to aggregate outside the fungal cells,
releasing silver ions and thus inducing cell death through
the reduction process resulting from the interaction of cell
components with ionic silver. As the Ag NPs’ mechanisms
of action are not clear yet, is difficult to explain the
comportment of the different C. albicans strains. Both
strains, Candida albicans 1726 and Candida albicans 1760,
are clinical isolates that probably become more sensitive
to different antimicrobial substances in vitro. The behavior
of the C. albicans ATCC 26790 strain with respect to the
interaction with Ag NPs is unknown, therefore further
investigation is necessary to elucidate this effect.

The improved behavior of leather surfaces treated
with Ag-N-TiO, NPs is attributed to the higher hydrophilic
surfaces favorable for the contact of NPs with bacteria
and fungus. The results suggest that the increased surface
contact [54, 55] and the generation of reactive oxygen
species on leather surface treated with electrochemically
nano Ag deposited on N-TiO, NPs can explain the
antimicrobial effectiveness. The improved resistance of
Ag-N-TiO,NPs against bacteria strains was also confirmed
by other studies [56, 57]. In our work the resistance
against bacteria and fungus strains of Ag-N-TiO, NPs was
successfully transferred on leather surface coating.

4 Conclusions

Silver nanoparticles were deposited on TiO, NPs and
N-TiO, NPs by electrochemical method and showed
advanced photoinduced catalytic properties in the visible
domain. The particle size increased by silver deposition
from 20 nm and 25 nm for TiO, NPs and N-TiO, NPs to
31 nm and 40 nm for Ag-TiO, NPs and Ag-N-TiO, NPs
according to transmission electron microscopy analyses.
The water dispersions of Ag-TiO,NPs and Ag-N-TiO, NPs
were stable with Zeta potential of -41.4 mV to — 474
mV. Diffuse reflectance spectra of Ag-TiO,NPs and Ag-
N-TiO,NPs shifted to the visible domain as compared to
TiO,NPs. Photocatalytic properties of silver deposited on
TiO,NPs and N-TiO,NPs tested on Orange II dye solution
under UV and visible light exposure were investigated
for different silver concentrations and resulted in the
selection of the 0.5% concentration as the most efficient
in visible light. The enhanced photocatalytic properties
in the visible light domain were confirmed under leather
surface through self-cleaning stains of ball pen ink,
Orange II and methylene blue dyes that were recorded
for treated leather surfaces with Ag-N-TiO, NPs. The
antimicrobial resistance of leather surface treated with
Ag-N-TiO, NPs was excellent against Candida albicans
ATCC 26790, Candida albicans 1760 and good against
Epidermophyton floccosum. The leather surface sensitivity
tests at direct contact with Escherichia coli ATCC 25922 and
Staphylococcus aureus ATCC 25923 proved to be resistant
for both treatments based on AgTiO, and Ag-N-TiO,
nanoparticles. The improved antimicrobial sensitivity
and resistance as well as the self-cleaning effects under
visible light were attributed to the photocatalytic induced
hydrophilic properties on leather surface treated with
silver electrochemically deposited on N-TiO, NPs.
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The leather surface covered with Ag-N-TiO, NPs
showed enhanced self-cleaning and antimicrobial
properties, increasing the leather durability and usability
and paving the way for designing new nanoparticles with
multifunctional functionalities.

Acknowledgement: This work was supported in part by
a grant of the Romanian National Authority for Scientific
Research and Innovation, CCCDI — UEFISCDI, project
number 15, NANO_SAFE_LEATHER, under the frame
of SIINN, the ERA-NET for a Safe Implementation of
Innovative Nanoscience and Nanotechnology and project
number 167, Selfpropiel.

References

[1] Fujishima A., Zhang X., Titanium dioxide photocatalysis:
present situation and future approaches, C.R. Chimie, 2006, 9,
750-760.

[2] BanerjeeS., PillaiS. C., Falaras P., O’Shea K. E., Byrne ).

A., and Dionysiou D. D., New Insights into the Mechanism of
Visible Light Photocatalysis, /. Phys. Chem. Lett., 2014, 5 , 15,
2543-2554.

[3] Pengfei)., Masato T., Cuong T.-M. and all., Recent advances in
visible light-responsive titanium oxide-based photocatalysts,
,Research on Chemical Intermediates, 2010, 36, 4, 327-347.

[4] YufeiW., YanL., He X., Li]., Wang D., Controlled fabrication of
Ag/TiO, nanofibers with enhanced stability of photocatalytic
activity, ). Mater Sci El, 2016, 27, 5, 5190-5196.

[5] Xul.,ZhangD., Ming L., Jiao Y., and Chen F., Synergistic effect
of interfacial lattice Ag* and Ag® clusters in enhancing the
photocatalytic performance of TiO, Phys. Chem. Chem. Phys.,
2014, 16, 19358-19364.

[6] LiM., Noriega-Trevino M.E., Nino-Martinez N., Marambio-
Jones C., Wang J., Damoiseaux R., Ruiz F., and Hoek E. M. V.,
Synergistic Bactericidal Activity of Ag-TiO, Nanoparticles in
Both Light and Dark Conditions, Environ. Sci. Technol., 2011,
45,20, 8989-8995.

[71 ZhangH., Liang C., LiuJ., Tian Z., Wang G., and Cai W., Defect-
Mediated Formation of Ag Cluster-Doped TiO, Nanoparticles for
Efficient Photodegradation of Pentachlorophenol, Langmuir,
2012, 28, 8, 3938-3944.

[8] AlbiterE., HaiZ., Alfaro S., Remita H., Valenzuela M. A.,
Colbeau-Justin C., A Comparative Study of Photo-Assisted
Deposition of Silver Nanoparticles on TiO, J Nanosci
Nanotechnol, 2013, 13, 7, 4943-4948.

[9]1 Hyunyoung K., Kwangmin L., Photocatalytic Activity of
TiO, Nanotubes Doped with Ag Nanoparticles, ] Nanosci
Nanotechnol, 2013, 13, 8, 5597-5600.

[10] Sobana N., Muruganadham M., Swaminathan M., Nano-Ag
particles doped TiO, for efficient photodegradation of direct
azo dyes, J. Mol. Catal. A: Chem., 2006, 258, 124-132.

[11] Zou X., Silva R., Huang X., Jafar F., Al-Sharab J. and Asefa T.,

A Self-Cleaning Porous TiO,-Ag Core-Shell Nanocomposite

Photocatalysts based on Ag-TiO, and Ag-N-TiO, nanoparticles —— 391

Material for Surface-Enhanced Raman Scattering, Chem.
Commun., 2013, 49, 382-384.

[12] Behnajady M.A., Eskandarloo H., Characterization and
Photocatalytic Activity of Ag—Cu/TiO, Nanoparticles Prepared
by Sol-Gel Method, | Nanosci Nanotechnol, 2013, 13, 1,548-
553(6).

[13] Ubonchonlakate K., Sikong L., Saito F., Photocatalytic
disinfection of P.aeruginosa bacterial Ag-doped TiO, film,
Procedia Engineering, 2012, 32, 656-662.

[14] Subba K.V., Lavedrine B., Boule P., Influence of metallicspecies
on TiO, for the photocatalytic degradation of dyes and dye
intermediates, J. Photochem. Photobiol. A: Chem. 2003, 154,
189-193.

[15] Yu]., Xiong )., Cheng B., Liu S., Fabrication and characterization
of Ag-TiO, multiphase nanocomposite thin films with enhanced
photocatalytic activity, Appl. Catal. B:Environ., 2005, 60,
211-221.

[16] Seery M.K., George R., Floris P., Pillai S.C., Silver doped
titanium dioxide nanomaterials for enhanced visible light
photocatalysis, ). Photochem. Photobiol. A: Chem., 2007, 189,
258-263.

[17] Kubacka A., Ferrer M., Martinez-Arias A., Fernandez-Garcia M.,
Ag promotion of TiO,-anatase disinfection capability: study of
Escherichia coli inactivation, Appl. Catal. B: Environ., 2008, 84,
1-2, 87-93.

[18] Ipsita H.C., Ghosh S., Naskar M.K., Aqueous-based synthesis
of mesoporous TiO, and Ag-TiO, nanopowders for efficient
photodegradation of methylene blue, Ceram. Int., 2016, 42,
2488-2496.

[19] Xiaoyang P., Yi-Jun X., Defect-Mediated Growth of Noble-Metal
(Ag, Pt, and Pd) Nanoparticles on TiO, with Oxygen Vacancies
for Photocatalytic Redox Reactions under Visible Light, J. Phys.
Chem. C, 2013, 117, 17996-18005.

[20] Xu J., Xiao X., Ren F.,, Wu W., DaiZ., Cai G., ZhangS., Zhou
J., Mei F., Jiang C., Enhanced photocatalysis by coupling
of anatase TiO, film to triangular Ag nanoparticle island,
Nanoscale Research Letters, 2012, DOI: 10.1186/1556-276X-7-
239.

[21] Yin S., Hasegawa H., Maeda D., Ishitsuka M., Sato T., Synthesis
of visible-light-active nanosize rutile titania photocatalyst
by low temperature dissolution reprecipitation process, ).
Photochem. Photobiol. A: Chem., 2004, 163, 1-8.

[22] Ashkarran A., Aghigh S., Kavianipour M., and Farahani N.,
Visible Light Photo-and Bioactivity of Ag/TiO, Nanocomposite
with Various Silver Contents, Current Applied Physics, 2011, 11,
1048-1055.

[23] GoeiR., LimT.T., Ag-decorated TiO, photocatalytic membrane
with hierarchical architecture: photocatalytic and anti-bacterial
activities, Water Res., 2014, 59, 207-218.

[24] Anderson S.R., Mohammadtaheri M., Kumar D., O’Mullane
A.P., Field M.R.,. Ramanathan R and Bansal V.|, Robust
Nanostructured Silver and Copper Fabrics with Localized
Surface Plasmon Resonance Property for Effective Visible Light
Induced Reductive Catalysis, Biotechnol. Adv., 2016, 3, 6.

[25] Dastjerdi R., Montazer M., A review on the application of
inorganic nano-structured materials in the modification of
textiles: Focus on anti-microbial properties, Colloids Surf.,

B: Biointerfaces, 2010, 79, 5-18.

[26] Rai M., Yadav A., Gade A., Silver Nanoparticles as a New

Generation of Antibacterials, Biotechnol. Adv., 2009, 27, 76-78.



392 —— Carmen Gaidau et al.

[27] IKaba S., Egorova E.M., In vitro studies of the toxic effects of
silver nanoparticles on HelLa and U937 cells Nanotechnology,
Science and Applications, 2015, 8, 19-29.

[28] Hartemann P., Hoet P., Proykova A., Fernandes T., Baun A., De
Jong W., Filser )., Hensten A., Kneuer C.,. Maillard J.-Y, Norppa
H., Scheringer M., Wijnhoven S., Nanosilver: Safety, health
and environmental effects and role in antimicrobial resistance,
Materials Today, 2015, 18, 3.

[29] Xu H., Qu F., Xu H., Lai W., Wang Y. A., Aguilar Z.P., Wei H., Role
of reactive oxygen species in the antibacterial mechanism of
silver nanoparticles on Escherichia coli 0157:H7, Biometals
2012, 25:45-53 DOI110.1007/510534-011-9482-x.

[30] Yu B., Leung K.M., Guo Q., Lau W.Ming and Yang J., Synthesis of
Ag-TiO, composite nano thin film for antimicrobial application,
Nanotechnology, 2011, 22, 11.

[31] Gaidau C., Petica A., Dragomir T., lovu H., and Andronescu
C., Ag and Ag/TiO, nano-dispersed systems for treatment of
leathers with strong antifungal properties, J. Amer. Leather
Chem. Ass, 2011, 106, 3, 102-109.

[32] Christopher P., Ingram D.B. and Linic S., Enhancing
Photochemical Activity of Semiconductor Nanoparticles with
Optically Active Ag Nanostructures: Photochemistry Mediated
by Ag Surface Plasmons, ). Phys. Chem. C, 2010, 114, 9173-
9177.

[33] GuptaS. M., Tripathi M., A review on the synthesis of TiO,
nanoparticles by solution route, Cent. Eur. J. Chem., 2012, 10,
279-294.

[34] Anicai L., Petica A., Gavriliu S., Electrochemical procedure
of obtaining ecologic disperse nanostructured systems
with photocatalytic and antimicrobial activity”, RO.Patent
n0.125498/2012.

[35] Petica A., Gavriliu S., Lungu M., Buruntea N., Panzaru C.,
Colloidal Silver Solutions with Antimicrobial Properties, Mater.
Sci. Eng., B, 2008, 152, 22-27.

[36] Bitlisi B. O., Yumurtas A., Self cleaning leathers-the effect of
nano TiO,, ). Soc. Leather Technol.Chem, 2008, 92, 5, 183-186.

[37] Petica A., Gaidau C., Ignat M., Sendrea C., Anicai L., Doped
TiO, Nanophotocatalysts for Leather Surface Finishing with
Self-Cleaning Properties, ). Coat. Technol. Res., 2015, 12, 6,
1153-1163.

[38] Krejcikova S., Matejova L., Koci K., Obalova L., Matej Z., Capek
L., Solcova O., Preparation and characterization of Ag-doped
crystalline titania for photocatalysis applications, Appl.Catal.
B. Environ., 2012, 111- 112, 119- 125.

[39] Arabatzis I.M., StergiopoulosT., Bernard M.C., Labou D.,
Neophytides S.G., Falaras P., Silver-modified titanium dioxide
thin films for efficient photodegradation of methyl orange,
Applied Catalysis B: Environmental, 2003, 42, 2, 187-201.

[40] Liu S.X., Qu Z.P., Han X.W. and Sun C.L., A mechanism for
enhanced photocatalytic activity of silver-loaded titanium
dioxide, Catal. Today, 2004, 93, 877-884.

[41] DhabbeR.S., Kadam A. N., Suwarnkar M. B. , Kokate
M. R., Garadkar M., Enhancement in the photocatalytic activity
of Ag loaded N-doped TiO, nanocomposite under sunlight,
Journal of Materials Science: Materials in Electronics, 2014, 25,
3179-3189.

[42] Feng N., Wang Q., Zheng A., Zhang Z., Fan )., Liu S.-B.,
Amoureux J.-P., and Deng F., Understanding the High
Photocatalytic Activity of (B, Ag)-Codoped TiO, under
Solar-Light Irradiation with XPS, Solid-State NMR, and DFT
Calculations, J. Am. Chem. Soc., 2013, 135, 1607-1616.

[43]

[44]

[45]

[46]

[47]

[48]

[49

[50]

[51]

[52

[53]

[54

[55]

[56]

[57]

DE GRUYTER OPEN

Khan M. M., Ansari S.A., Amal M. ., Lee ). and Cho M.

H., Highly visible light active Ag@TiO, nanocomposites
synthesized using an electrochemically active biofilm: a novel
biogenic approach, Nanoscale, 2013, 5, 4427-4435.

Haick H., Paz Y., Long-range effects of noble metals on the
photocatalytic properties of titanium dioxide, ). Phys. Chem.B,
2003, 107, 2319 - 2326.

Ni M., Leung M.K., Leung D.Y., Sumathy K., A review and recent
developments in photocatalytic water-splitting using TiO, for
hydrogen production, Renew. Sustain. Energ. Rev, 2007, 11,,
401 - 425.

Pelaez M., Nolan N. T., PillaiS. C., Seery M. K., Falaras

P., A review on the visible light active titanium dioxide
photocatalysts for environmental applications, Applied
Catalysis B: Environmental, 2012, 125, , 331-349.

Xu Q., Ma )., Fan Q., Yan Z., Design and Fabrication of Casein-
based TiO, Nanocomposite for Self-cleaning Leather Finishes,
In: Proceeding of XXXIII IULTCS Congress November (24th —
27th, 2015 Novo Hamburgo/Brazil), 026.

lordache D., Kientz E., Fennen )., Leather topcoats with anti-
soiling and non-squeak properties, World Leather, 2012, 1,
13-16.

Schmid H., Antimicrobial functionalization of surfaces using
nanosilver technology- a safe, effective and cost-effective
means of reducing hospital infections, Nano Magazine, 2014,
28, 2,17-20.

Yang W., Wang X., Gong Y., Li H., Chen W. and Gaidau

C., Preparation of Antibacterial Sheepskin With Silver
Nanoparticles, Potential for Use as a Mattress for Pressure
Ulcer Prevention, J. Amer. Leather Chem. Ass., 2012, 107, 85-92.
Gaidau C., Petica A., Micutz M., Danciu M., Vladkova T.,
Progresses in Treatment of Collagen and Keratin Based
Materials with Silver Nanoparticles, Central European Journal of
Chemistry, 2013, 11, 901-911.

Thomas J., Jacobson G.A., Narkowicz C.K., Peterson G.M.,
Burnet H., Sharpe C., Toenail onychomycosis: an important
global disease burden, Journal of Clinical Pharmacy and
Therapeutics, 2010, 35, 497-519.

Vazquez-Mufioz R., Avalos-Borja M. and Castro-Longoria E.,
Ultrastructural Analysis of Candida albicans When Exposed to
Silver Nanoparticles, .PLoS One. 2014; 9(10): €108876.
Huanjun Zh., and Guohua Ch., Potent Antibacterial Activities
of Ag/TiO, Nanocomposite Powders Synthesized by a One-Pot
Sol-Gel Method, Environmental Science & Technology, 2009,
43, 2905-2910.

Wu T.S., Wang K.-X., Li G.-D., Sun S.-Y., Sun J. and Chen J.-S.,
Montmorillonite-Supported Ag/TiO, Nanoparticles: An Efficient
Visible-Light Bacteria Photodegradation Material, ACS Appl.
Mater. Interfaces, 2010, 2, 544-550.

YaliY., Jiangiang D., Jinsheng X., Jian D., Jianbo G., TiO,
Nanoparticles Co-Doped with Silver and Nitrogen for
Antibacterial Application, ) Nanosci Nanotechnol, 2010, 10, 8,
4868-4874(7).

Quifiones —Jurado Z. V., Waldo-Mendoza M. A., Bandin H.

M. A, Villabona-Lea E. G., Cervantes-Gonzalez E., Pérez E.,
Silver Nanoparticles Supported on TiO, and Their Antibacterial
Properties: Effect of Surface Confinement and Nonexistence
of Plasmon Resonance, Materials Sciences and Applications,
2014, 5, 895-903.



