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Abstract

AgxO/Ag/TiO2 photoactive thin films were produced by different modes of magnetron 
sputtering (namely, DCMS and HiPIMS). The spectral and microstructural properties 
of the Ag-AgxO/TiO2 thin films were studied by Diffuse Reflection Spectroscopy (DRS) 
and X-Ray Photoemission Spectroscopy (XPS). The atomic deposition of TiO2 and Ag 
in the thin sputtered film were studied by TEM. AgxO/Ag/TiO2 exhibited fast 
photocatalytic volatile organic compounds (VOCs) degradation and bacterial 
inactivation under low visible light intensity. The Langmuir Hinshelwood model was 
applied to highlight the photocatalytic performance of the AgxO/Ag/TiO2 catalyst. The 
oxidative states of Ag-AgxO/TiO2 were studied by XPS. Deconvolution of the Ag3d 
peak of the AgxO/Ag/TiO2 thin films showed the presence of AgO and metallic Ag. It is 
suggested that the mechanism involving the degradation of VOCs on AgO/Ag/TiO2 
catalysts is due to the transfer of holes from AgO to TiO2 via the AgO/Ag/TiO2 
heterojunction. The electrostatic interaction between both semiconductors allows this 
charge transfer. In addition, the contribution of reactive oxygen species (ROS) in 
bacterial inactivation at the interface of AgO/Ag/TiO2 thin film was also examined. 
Light-induced interfacial charge transfer (IFCT) between AgO and TiO2 leading to 
pollutants oxidation appears to require low photons’ energy and can oxidize pollutants 
even at high concentrations. The sputtered coatings have also been studied for 
repetitive reuse, showing the sustainable activity of the prepared materials.
Keywords
HiPIMS coating; Photocatalysis; indoor air treatment; Redox catalysis; Bacterial 
inactivation. 

1. Introduction:
As it is largely connected to human health, indoor air quality has become a very 

important topic for the social, economic, and scientific community. It has been shown 

that modern society spends between 70% and 90% of their time indoors [1], such as 
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home, offices, cars, hospitals, and healthcare buildings… Besides, the world health 

organization declared that in 2012, 7 million premature deaths are due to air pollution. 

Amongst these 7 million deaths, 4.3 million were related to indoor contamination [2]. 

This is a complex problem containing different types of pollutants, such as particles 

(dust, and smoke…), radon, asbestos, biological agents (bacteria, viruses…), and 

gaseous contaminants such as ammonia [3-11]. Different sources are emitting VOCs 

such as outside pollution (food industry, swimming pool water treatment, hospital 

cleaning room….) and from everyday activities (e.g., cooking, smoking, or even using 

cleaning agents, and office equipment) [12-20]. To reduce the VOCs from air, various 

techniques were used, such as adsorption [21], condensation [22], plasma combined 

with catalysis [5-7,23-25], and photocatalysis [20,24]. Notwithstanding their significant 

ability in the VOCs removal, these proposed techniques were shown to produce high 

amounts of dangerous intermediates, by-products, and waste. Furthermore, these 

processes exhibit a temporary pollution transfer from gaseous to solid phase or 

pollution allocation from one area to another [27]. 

Heterogeneous photocatalysis is deemed as a promising method for air 

purification owing to its ability to remove VOCs even at relatively elevated 

concentrations [5, 7, 28-30]. This technique was able to degrade a wide range of 

pollutants and their by-products [31-33]. Titanium dioxide (TiO2) is widely employed 

photocatalyst for pollutants’ removal/abatement due to its high stability, excellent 

activity, inexpensive to build and operate, and its non-toxicity [40, 41]. TiO2 supported 

on glass fiber tissue [34, 35], cellulosic paper [36], polymer support [34], and TiO2 on 

PES fabrics [20, 37]. However, the main limiting factor affecting the photocatalytic 

application of TiO2 in real settings is its wide band gap (3.2 eV) allowing only the 

absorption of UV photons [38, 39]. To extend the spectral absorption of TiO2 in the 

visible light range, ionic (cationic or anionic) doping was seen to tighten its band gap 

allowing solar/visible light absorption [42-45] Other researchers adopted the 

engineering of tailored heterojunctions with other metal oxides allowing visible light 

absorption [39, 46-49]. 

In this study, we chose to combine TiO2 with AgO to enhance the photocatalytic 

activity in the visible spectral range. AgxO was chosen due to its strong plasmon 

resonance occurring under visible light excitation. The choice of AgxO is favorable for 

energy levels’ alignments that authorize the silver plasmonic electrons to be 
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transferred into the TiO2. Both oxides were sputtered on textile fabrics to overcome the 

labor and time required to recover the catalyst after use. 

This work addresses the synthesis of AgxO-TiO2 on polyester cloth by two 

sputtering modes (DCMS and HiPIMS). Odorous compounds such as chloroform 

(Trichloromethane, CHCl3) and Diacetyl (butane-2,3-dione, (CH3CO)2) were chosen as 

indoor VOCs models. Chloroforms are model pollutants commonly encountered in 

hospital settings. Diacetyl is normally emitted during food processing and preparation; 

they are dangerous to health [20]. In addition, the E. coli bacteria was chosen as a 

microorganism model. The effect of the applied sputtering mode on the kinetics of 

COVs removal (chloroform and butadione) and bacterial inactivation was studied and 

is presented in details in this work. The surface properties of the sputtered samples 

were examined by up-to-date surface science techniques. The prepared films will open 

the doors to potential applications in hospital settings to reduce bacterial infections and 

to remove malodors. 

2. Experimental
2.1. Catalyst synthesis: Ag/TiO2 sputtered PES

Ag and Ti were sputtered on PES using magnetron sputtering in the (HiPIMS and 

DCMS modes). The HiPIMS deposition was assisted with using a HiP3 5 kW Solvix 

generator at a time-average power of 100 W (5 Wcm-2, pulse-width of 50 µs and a 

frequency of 1 kHz, gas phase 95% Ar - 5% O2. The applied power to the Ti-target was 

90 W for the first 30 s then at 50 W to regulate the relative content of Ti in the film as 

it will be shown later by transmission electron microscopy (TEM). The distance 

between the sputtered target and the sample holder was 10 cm as previously optimized 

[58]. The visual perception of the sputtered PES fabrics is shown in Figure 1.

Figure 1. Visual perception of the AgxO-TiO2 sputtered on PES. 
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2.2. Thickness of the sputtered AgxO-TiO2-PES, TEM, spectral absorption 
and XPS

The thicknesses of TiO2, Ag, and AgO-TiO2 deposited on Si-wafer we measured 

using a Profilometer (Alphastep-500, Tencor, USA). To carry out TEM observations, 

the PES cloths were embedded in epoxy resin (Embd 812) and cross-sectioned with 

an ultra-microtome (Ultratcut E) and then imaged using FEI Osiris operated in 200kV. 

With Spot size of 5, dwell time 50 μs, real time 600 s. 

Diffuse reflectance spectroscopy (DRS) was carried out by means of a Perkin 

Elmer Lambda 900 UV-VIS-NIR spectrometer within 250-700 nm wavelength range.

In order to determine the existing species on the sputtered AgxO-TiO2 film, X-

ray photoelectron spectroscopy (XPS) was performed using an AXIS NOVA photoelectron 

spectrometer (Kratos Analytical, Manchester, UK, monochromatic Al-K with h =1486.6 eV). 

In order to correct the charging effect at the interface of the sputtered samples, the carbon C1s 

line having position at 284.6 eV was used as reference. The surface atomic concentration was 

determined from the peak areas considering the sensitivity factors for each element. The XPS 

spectral peaks were deconvoluted using the CasaXPS V2 software. 

2.3. Target compounds and tested bacteria
Two target organic compounds were used, Butadione (C4H6O2) and Chloroform 

(CHCl3), existing particularly in the food and hospital sectors, respectively. Butadione 

(99% purity) and Chloroform (99.4% purity) were used as VOCs probes. Escherichia 

coli (DSM 10198-0307-001) was used as a model microorganism to test the 

antibacterial activity. The preparation protocol and the testing method have been 

detailed before [20]. 

2.4. Reactor design for VOC removal

The used batch reactor has approximately 10 mm as upper diameter and 50 mm 

of working height contains two septa that are able to contain up to 50 mL of solution. 

The first one is used for samples extraction and the second one is used for VOCs 

injection. The catalytic samples were fixed to the internal wall of the batch reactor to 

be in direct contact with the studied VOC and light radiation. For all experiments, 20 

cm2 of coated AgxO-TiO2-PES were used. A fluorescent visible lamp (Sylvania CF-L 

24 W/840) with emission in the visible (400 – 720 nm) has been inserted inside the 

reactor. This light is a typical indoor light like those used for houses, hospitals and 

schools. To prevent extra-light from, the hall reactor was covered with Al-foil during the 
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photocatalytic experiments. The homogenization of the gas phase was allowed by a 

magnetic stirrer and barrel. 

2.5. VOCs analysis system and antibacterial testing 

To examine the performance of our catalysts for VOCs removal C4H6O2 and CHCl3 

analysis was carried out using gas chromatography (Fisons GC9000) equipped with a 

FID. The mobile phase (carrier gas) was Nitrogen. We used a syringe of 500 µL for all 

injection. All injections were carried out in triplicates. Once the flow inside the reactor 

gets stabilized (at equilibrium), the pollutants analysis starts. 

The antibacterial activity of AgxO-TiO2-PES, Escherichia coli (E. coli) was 

studied as reported in our previous study [20]. In this study, the initial bacterial 

concentration is∼ 2.6 106 colony-forming unit per milliliter (CFU/mL). 

3. Results and discussion
3.1. Thickness calibration and TEM of sputtered AgxO-TiO2-PES

Figure 2a presents the high-angle annular dark field (HAADF) mapping of 

elements in the AgxO-TiO2-PES samples sputtered by HiPIMS at 30 A. Figures 2b, 2c 

and 2d show the mapping of Ti-, Ag-, and O-element, respectively. The Ag-atoms 

distribution (red image) appears to be dense and uniform. This likewise provides 

evidence for the presence of different oxidation states of Ag-NPs (AgO) in the topmost 

layers. In addition, many kinds of research studied in a detailed way the properties of 

Ag-coated PES [64-68]. The EDX mapping of oxygen clearly shows (Fig. 2d) relatively 

large amounts of oxygen species (purple image). This is due to TiO2 (EDX mapping of 

Ti is shown in figure 2b) and AgO nanoparticles, which exhibit a higher O-content 

compared to the content of oxygen species in the film bulk. In the context of a 

comparison between the samples sputtered by DCMS and those sputtered by HiPIMS, 

Rtimi et al reported that the distribution of oxygen species in the samples sputtered by 

DCMS shows more oxidized copper (in this case Ag) species in the bulk than the 

samples prepared by HiPIMS, while the latter has shown more oxidized copper species 

at the upper layers in contact with bacteria [69]. 
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Figure 2. TEM images of AgxO-TiO2-PES as sputtered by HiPIMS at a current of 30 A for 
20s: a) High-angle annular dark-field imaging (HAADF), b) EDXS mapping of Ti, c) EDXS 

mapping of Ag, and d) EDXS mapping of O.

3.2. Surface properties of the sputtered AgxO-TiO2-PES

Figure 3 shows the spectral absorption of the sputtered AgxO-TiO2-PES by HiPIMS (at 

30 A) and DCMS (at 0.3 A). Analysis of the absorption spectra show that TiO2 thin film 

do not absorb in the visible and presented an absorption onset (λ) at 260 nm. In 

contrast, the light absorption of AgxO/TiO2 sputtered by HiPIMS and DCMS extends to 

the visible region. In addition, a significant phenomenon was observed related to the 

interaction of light with The Ag incorporated into Titanium dioxide near the absorption 

edge. This was related to the interfacial charge transfer (IFCT) between AgxO and 

TiO2 semiconductors [38]. A wide absorption band from 500 to 750 nm is noted for 

AgxO/TiO2 photocatalysts sputtered by HiPIMS at 30A and DCMS at 0.3A. These 

bands can be ascribed to surface plasmon resonance (SPR) of the Ag species [38,44]. 
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Figure 3. Diffuse reflectance spectroscopy (UV-Vis) of sputtered TiO2 (using DCMS 
at 0.3 A) and AgxO-TiO2 (using DCMS at 0.3 A and HiPIMS at 30 A).

In order to better analyze the light absorption of our coatings, we applied a spectral 

analysis based on high derivatives. The method of higher derivatives has been known 

for decades [70], but it has not previously been applied to the analysis of photocatalytic 

materials’ spectra. Analysis of extrema in the representation of the second and fourth 

derivatives allows the determination of the UV-Vis absorption maxima giving a clear 

idea about the appropriate wavelengths to be used with this system. The signal-to-

noise ratio in modern spectrometers is high enough to reliably determine higher 

derivatives. The fourth derivative of the absorption spectra allows to reliably 

determining the position of significant peaks. If these peaks overlap slightly, the second 

derivative becomes enough to locate the significant peaks. Figure 4 shows the second 

derivatives of the absorption spectra of (a) TiO2 (using DCMS at 0.3 A) and AgxO-TiO2 

(using DCMS at 0.3A and HiPIMS at 30 A). 

It is readily seen from the 2nd derivative of the Figure 4a (AgxO/TiO2 (0.3 A)) that the 

thin film is absorbing at 350 nm and at 410 and 730 nm with a lower intensity. However, 

the thin AgxO/TiO2 film prepared by HiPIMS exhibited higher spectral absorption peak 

at 350 nm than the film prepared by DCMS. In addition, the HiPIMS prepared film 

showed peaks at 420, 480 and 740 nm. The TiO2 thin film showed only spectral 
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absorption in the UV range (320 and 365 nm). From Figure 4b, the HiPIMS thin film 

absorb in the UVA, violet and blue. This is attributed to the Ag surface plasmon. The 

weak peak at 730-740 nm refers to the far-red absorption. 
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Figure 4. Analysis of spectral absorption extrema through second derivatives of light 
absorption of (a) AgxO/TiO2 (0.3 A), (b) AgxO/TiO2 (30 A) with respect to (c) sputtered TiO2.

Figure 5 shows the oxidative states of Ag and Ti sputtered on the polyester cloth 

as determined by XPS. Figure 5 shows the Ti2p and Ag3d peaks from AgxO-TiO2 

deposited by HiPIMS and DCMS. The found peaks were asymmetric. AgO peaks at 367.6 eV 

were detected in both samples (HiPIMS and DCMS). The spectra showed also the presence 

of lower peaks at 368 eV characteristics of metallic Ag. The presence of Ti3+ in the HiPIMS 

samples could arise from the AgO incorporation on the TiO2. The peak at 367.6 eV is 

characteristic of Ag-ions adsorbed on hydroxylated TiO2 [71]. 
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Figure 5. XPS deconvolution of Ag3d and Ti2p peaks from AgxO-TiO2 deposited by 
HiPIMS and DCMS. 

3.3. Photocatalytic experiments: COVs removal and Bacterial inactivation tests
3.3.1. Effect of deposition of Ag-NPs TiO2-PES by HiPIMS and DCMS on the 
photocatalytic activity of AgxO-TiO2-PES photocatalyst

The photocatalytic performances of AgxO-TiO2-PES catalysts were evaluated by 

photocatalytic removal of COVs (Chloroform) under visible light irradiation at ambient 

temperature. Figure 6 shows the chloroform removal using AgxO-TiO2-PES sputtered 

by HiPIMS for 10, 20, 30 A and sputtered by DCMS at 0.3A. Figure 6 shows that the 

chloroform removal is pertinently affected by the different sputtering current. In this 

test, it is readily seen that the initial concentrations of Chloroform decreased over time 

under visible light irradiation. Also, an increase in sputtering current from 10A until 30A 

increases the chloroform removal to about 98% of the initial concentration of 10 g.m-3. 

This enhancement is due to the availability of active sites generated at the interface of 

the sample deposited at 30A [59]. However, at low current values the chloroform 

degradation reaches a limit; in fact, these current values are rather small to form a 
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catalyst layer leading to perfect and complete removal of chloroform. Previously S. 

Rtimi et al reported [69] that the HiPIMS deposition current generates different ions 

and charge species, leading to distinguish charges at the interfaces of the thin film. In 

addition, compared to the AgxO-TiO2-PES sputtered by direct current magnetron 

sputtering (DCMS) at 0.3A, AgxO-TiO2-PES (HiPIMS at 30A) exhibits a high 

photocatalytic activity under visible light. This is due to the generation of a higher 

number of Ag-ions at the catalysts surface when using HiPIMS (30A) than DCMS [64, 

69]. 
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Figure 6. Removal of chloroform with catalyst AgxO-TiO2-PES at different HiPIMS sputtering 

currents deposited for 20 s. Light source: fluorescent visible lamp (Sylvania CF-L 

24 W/840; 400 – 720 nm)

3.3.2. Mixtures of pollutants (VOCs and bacteria)
3.3.2.1. Effect of the presence of two Kinds of VOCs on AgxO-TiO2-PES 
performance

The removal performance of two kinds of indoor air pollutants, with equimolar 

concentrations, was investigated. Figure 7 shows that at 30A HiPIMS and low visible 

light illumination, the degradation of Chloroform is quite similar to that of Butadione 
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(BUT). Firstly, before switching on the lamp and during the adsorption stage, it was 

found that the adsorbed Butadione amount is slightly greater than that of chloroform. 

Once adsorption of both species reaches saturation, the lamp is switched on. We found 

(Fig. 7) that that the photocatalytic degradation kinetics of BUT is faster than that of 

chloroform. This may be attributed to the chemical composition of the pollutants (e.g., 

carbon number), their affinities to the catalyst and the amounts of their intermediate 

by-products on the catalyst surface, which in turn leads to a competitive effect of the 

pollutants towards the active catalytic sites. This result is similar to our previous work 

[20] where we used CuxO/TiO2-PES for the removal of VOCs.
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Figure 7. Two kinds of Indoor air pollutants removal on AgxO-TiO2-PES HiPIMS-sputtered 
30 A for 20 s under a fluorescent visible lamp (Sylvania CF-L 24 W/840; 400 – 720 nm)

Figure 8 shows the BUT degradation in the presence of the AgxO-TiO2-PES 

photocatalyst under light starting with different initial concentrations. The degradation 

rate decreases when the BUT initial concentration increases. This is owing to the 

availability of active catalytic sites at low concentrations [58, 70]. Indeed, the amount 

of the molecules involved in the reaction is not increased in the same ratio than that of 

the inserted initial concentration resulting in a decrease in the degradation efficiency. 
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Figure 8. BUT degradation versus inlet BUT concentration under visible light irradiation 

(Sylvania CF-L 24 W/840; 400 – 720 nm) based on HiPIMS sputtered AgxO-TiO2-PES 

(30 A for 20 s).

To further understand the chemical transformation of the heterogeneous 

photocatalytic degradation of Butadione over AgxO-TiO2-PES, the Langmuir-

Hinshelwood (L-H) model was employed to fit the experimental results [58, 71]. The L-

H reaction rate equation shown in the following equation is employed to explain the 

adsorption and degradation of Butadione:

𝑟0 = ―
𝑑[𝑉𝑂𝐶]

𝑑𝑡 = 𝑘𝑐
𝐾[𝑉𝑂𝐶]0

1 + 𝐾[𝑉𝑂𝐶]0

Where r0 (mmol/gcat m3 s) is the initial photocatalytic degradation rate, [VOC]0 is the 

initial BUT concentration (mmol/m3), K is the adsorption constant (m3/mmol) and kc is 

the kinetic constant (mmol.m-3 s gTiO2) at maximum coverage for the experimental 

conditions.
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The plot of 1/r0 versus 1/[COV]0 enables determining the values of kc and K. 

According to Figure 9, we estimate the values of the kinetic and adsorption constants 

(Table 1) using the linearized L-H equation (  ). 
1
𝑟0

=
1

𝑘𝑐𝐾 ×
1

[𝑉𝑂𝐶]0
+

1
𝑘𝐶

Table 1 shows Butadione shows a slow degradation rate regarding the use of 

AgxO-TiO2-PES sputtered at 30A; this may be due to the physicochemical properties 

of the pollutant and to the interfacial charge transfer mechanism (IFCT), which will be 

shown in a later section. 
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Figure 9. Linear regression using L-H model for the BUT degradation on AgxO-TiO2-PES 

sputtered at 30A for 20s. 

Table 1. L-H constants (kc and K) at AgxO-TiO2-PES photocatalyst

Catalyst tested kc: Kinetic constant of L-H
(mmol.m-3. s. gTiO2)

K: Adsorption Constant of L-H
(m3. mmol-1)

AgxO-TiO2-PES 54 10-3 2 10-3

Table 1 shows that AgxO-TiO2-PES leads to a more efficient degradation of butadione 

compared to PES-TiO2, which in turn leads to an almost twice faster degradation of 

butyraldehyde under UV irradiation [59]. This result may be due to the Ag amount 
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present on the photocatalyst surface and to the chemical properties of the target 

pollutants. 

3.3.2.2. Simultaneous removal of butadione and bacteria 

After studying the effect of the existence of two kinds of indoor air pollutants on 

AgxO-TiO2-PES performance, we investigate the bacterial (E. coli) inactivation activity 

of AgxO-TiO2-PES together with simultaneous removal of BUT and E. coli. Many 

experiments were done with our composites with initial bacterial concentration and inlet 

BUT concentration of ~ 2.6 106 (CFU/mL) and 5 mg/m3, respectively. In fact, the goal 

of mixing target molecules with bacteria is to validate the effectiveness of the advanced 

oxidation process (AOP) in a case closer to real conditions where large amounts of 

pollutants must be removed simultaneously, and to see that there is always a 

degradation of pollutants during mixing. Figure 10 shows the bacterial inactivation 

performance of AgxO-TiO2-PES during separate and simultaneous removal of BUT 

and E. coli under visible light irradiation.
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Figure 10. Simultaneous removal of E. coli and BUT on AgxO-TiO2-PES catalyst 
sputtered at a peak current of 30A. The initial concentration of E. coli is ~2.6 106 CFU/mL. 

(Light source: Sylvania CF-L 24 W/840; 400 – 720 nm). 

3.4. Identification of the VOCs’ degradation by-products 
The by-products emanating from the photocatalytic degradation of butadione in 

presence of bacteria using the AgxO-TiO2-PES catalyst were determined by Gaseous 

Chromatography-Mass Spectroscopy (GC-MS). Figure 11 shows GC-MS spectra of 
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by-products originating from AgxO-TiO2-PES – based Butadione photo degradation. 

The detected degradation by-products are: (i) acetone (C3H5O), (ii) acetaldehyde 

(C2H4O) and (iii) acetic acid (C2H4O2). Butadione (C4H6O2) is also present after 4.83 

minutes. These results are similar to those reported by Abou Saoud et al. [5], 

subsequent to the use of TiO2-GFT (Glass Fiber Tissue) as photo-catalyst for 

butadione degradation under photocatalytic/plasma processes.

Figure 11. GC-MS of products observed during Butadione photo degradation by 
AgxO-TiO2-PES. 

3.5. Catalyst recyclability
The reusability of the catalyst is an important factor to take into account since it 

concerns the possibility of its potential application in environments polluted by toxic 

gases [20]. The re-use of the catalyst was examined for four successive cycles. The 

AgxO-TiO2-PES was washed well after each photodegradation cycle and reused.  

Figure 12 shows no loss of sample photoactivity after four cycles of use. These results 

prove the overall potential of the AgxO-TiO2-PES to be used as photocatalyst for air 

treatment applications. Furthermore, the same slope is noted in each cycle; these 

results can confirm the non-deactivation of the surface sites of the catalyst and its 

excellent catalytic stability. 
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Figure 12. Repetitive degradation of Butadione on AgxO-TiO2-PES. VOC concentration = 
10g/m3.

3.6. Photocatalytic degradation mechanism
To understand the possible photocatalytic mechanism of VOC removal and E. coli 

inactivation in AgxO/TiO2 composite, Figure 13 was proposed. Under UV-vis light, 

electron-hole pairs generate in the valence bands (VB) of AgO and TiO2, then migrate 

to the conduction bands (CB). The AgO conduction band potential was 0.72 eV and 

the Ag Fermi level was 0.99 eV [72]. As a result, and because the Fermi level of Ag 

was more positive than the conduction band potential of AgO, the electrons that are in 

the AgO conduction band can move to the Fermi level of Ag. At the same time, 

electrons on the Fermi level of Ag can be rapidly transferred to the TiO2 semiconductor 

interface, which has been reported in Ag/ZnO and Ag/TiO2 systems [73,74]. This could 

be due to the fact that the heterojunction in Ag-AgO/TiO2 assisted the transfer of photo-

generated electrons and holes. Thus, these electrons can quickly be transferred into 

the TiO2 interface and then undergo a transformation as described below:

AgO/TiO2 + hʋ → e- + h+ (1)

e- + h+/AgO → e-/Ag → e-/TiO2 (2)

O2 + e- → O2•- (3)

O2•- + 2H2O + 2e- → 3OH- + •OH (4)
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In reaction (4), one can describe it as a multi-electron transfer process. However, the 

activation energy of such reactions, as follows from the Marcus theory [75], is directly 

proportional to the square of the number of transferred electrons. The proposed 

mechanism is then described as the classical chain degenerated-branched oxidation 

of organic materials (eqs.5-11) [76-78]: 

h+ + OH- → •OH (-1.9 eV) (5)

h+ + RH → R• + H+ (6)

O2- + H+ → HO2• (7)

HO2• + RH → HOOH + R• (8)

R• +O2 → RO2• (9)

RO2• + RH → ROOH + R• (10)

HOOH, ROOH + e- [M (possible participation of the reduced metal ion)] → •OH, RO• + 

HO-HO•, RO• + RH → H2O, ROH + R• (11)

Reaction can be simplified as seen in eq.12: 

VOC/Bacteria + O2•- /•OH → CO2 + H2O + dead bacteria + other products (12)

At the same time, the photo-generated holes in the Valence band of TiO2 are easily 

transferred to the Valence band of AgO. This result could be due to the fact that the 

Valence band of AgO (1.84 eV) is more negative than that of TiO2 (~3eV). Therefore, 

while the photo-generated electrons flow on the TiO2 surfaces, the holes are gathered 

in the AgO Valence band. Therefore, it was constructed an inter-semiconductor 

transfer flows for electrons (AgO→Ag→TiO2) and holes (TiO2→AgO), which 

significantly limited the charge recombination and improved the charge separation 

efficiency. The fact that there was effective charge separation resulted in an increase 

in the lifetime of photogenerated charges, which increased the photocatalytic 

performance of our photocatalyst. Indeed, adsorbed oxygen (O2) and water (H2O) 

reacted with electrons (e-) and holes (h+) to produce the superoxide anion (O2.-), 

hydroxyl radical (OH∙), OH and H+. The superoxide anion 02∙- and the hydroxyl radical 

(OH∙) were considered to be highly oxidizing reactive oxygen species (ROS). They can 

decompose VOCs, bacteria and other organic materials adsorbed on the active sites 

of the nanocomposites into CO2, H2O and other products, as shown in eq. (1-12).
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Figure 13. Proposed mechanism of photocatalysis by Ag-AgO/TiO2 

nanocomposite under light.

4. Conclusion 

This paper reports the testing of a novel, uniform and stable AgxO/TiO2-PES 

photocatalyst prepared at low temperature by high power pulsed magnetron sputtering. 

This is the first study where uniform Ag/AgxO coatings on PES were used for the 

degradation of indoor air VOCs as well as for bacterial deactivation. We have studied 

the degradation of two types of concentrated VOCs (butadione and chloroform) using 

the AgxO/TiO2-PES catalyst. We have shown that this catalyst has stable performance 

during the removal of butadione by AgxO/TiO2-PES. Likewise, this catalyst gives 

almost reproducible results and good recyclability when used under visible irradiation. 

It also exhibits excellent catalytic stability and has promising potential for application in 

air treatment. The AgxO/TiO2-PES photocatalyst showed high antibacterial activity, 

which reached almost complete bacterial inactivation within 6 hours for AgxO sputtered 

at 30 A.
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