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Abstract

Activated HO, on the surface of nanostructures for advancedativid process attracts the
interest for energy consumption, time saving rathan Fenton reaction process. Here, we
introduce Ag/SIQ NPs immobilized on SrWgQ surface for enhanced catalytic and
photocatalytic oxidation of methylene blue and iadun of p-nitrophenol by HO, surface
activation. Both theoretical calculations (rwb9Q1AINL2DZ) and experimental (FT-IR and
XRD) show that the catalytic enhancement was du¢h&o surface interaction between
Ag/SiO, and SrwQ that activate O, surface molecules in absence of light. The
photocatalytic enhancement was interpreted by tieskectrons ejected from Ag NPs to the
SrWQ, rather than the p-n junction created by Ag/S#&nd SrwWQ mechanism. Different
spectroscopic techniques such as SEM, TEM, XRD wesed for the -catalysts
characterizations. The optical measurements sudd\Va¥is and photoluminescence were
incorporated to further support the mechanism. déiRlyst posses high catalytic activity

over wide pH range (4-10).
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1. Introduction

Although several methods have been developed foerwieeatment such as membrane
filtration [1], advanced oxidation [2], catalytidiptocatalytic degradation, Fenton reaction
persists as the most effective oxidation methods Was due to the high yield ©©OH radical
and fast FE/Fe’* cycle. However, it still suffer from some drawbacsuch as limitation to
the acidic pH and environmental concern relatedetease of toxic iron ions [3]. Hence,
Fenton-like reaction has been developed to overcemel defects using metal ions, metal
oxides, nanocomposites and acids [4-7]. Here, ¢hetion initiated by an external stimulus
such as light illumination to induce oxidation st@hange and/or charge separation process.
In addition, the HO, decomposition could be improved by the adsorptad interaction
with the surface of the catalyst to enhance therdition of reactive oxygen species [8-10].

SrWQ, was extensively investigated and integrated infedéht applications such
optoelectronic devices, laser-state systems, engaygpge material, and photocatalysts [11-
14]. However, SrWQ@ suffer from the low absorption coefficient partemly in the visible
light region, and the high electron/hole recomhboraprocess [14,15]. In order to enhance the
photocatalytic properties of SrWdifferent methods were used such as doping wetkam
ions [16], or immobilization over graphene sheé® |

Silver nanoparticles (AgNPs) have attracted therest of researchers because of the

fascinating properties both in dark and under \gslight. In absence of light, AQNPs could
activate the production of reactive oxygen spe(OS) such as hydroxyl radicalH),
superoxide radical (©+) and singlet oxygen'@,) [17,18]. ROS is the prominent factor in
antimicrobial and antibacterial agents [19,20]. $hAgNPs is a well known bactericidal
agent by breakdown of the membrane wall and DNAatg@[21]. On the other hand, when
AgNPs illuminated with suitable light wavelengthsfble light) the surface electrons oscillate

to inaugurate the surface plasmon resonance (SRR}.e&SPR increases the ability of AGQNPs



for absorbing the visible light, which subsequentgftivers to wide-band gap semiconductor
in order to boost the charge separation.

In this work, we introduce Ag/SiKOon SrwWQ surface as an activator for,® in
absence and presence of visible light. The embeddeNPs on solid support such as $iO
are formed by ion implantation, which effectivelgepents Ag from aggregation or oxidation
through direct contact with Srw@22-24]. The doped Ag NPs enhance the visible light
absorption of SrW@and decreases the band gap through the surfasmqmtaeffect. Hence,
the intimate contact between Ag NPs and SiVB6osted the generation #®H and Q"
that highly increase the MB degradation gmditroaniline removal. The structures of the
catalysts were investigated by different technigsiesh as XRD, TEM, SEM, UV-Vis, and
photoluminescence. DFT calculationsvip97xd/LANL2DZ) corroborated the experimental

results for the interactions between Ag NPs and&W

2. Materialsand Methods
2.1 Materials:

The starting materials used in this work were algtical grade. Metal salts, strontium nitrate
anhydroussliver nitrate, poly vinyl alcohol, cetyltrimetlayshmonium bromide (CTAB) were
obtained from Sigma-Aldrich (Germany). All the cheais were used without further

purification.
2.2 Preparation of Ag/SIO, core shell

Silver nanoparticles was prepared by adding 0.25 aoflgilver nitrate to solution of sodium
borohydride (0.025 mM) dissolved in polyvinyl aladh(20 ml) as a capping agent. The
solution was then stirred (2000 rpm) at room terapge for 2 hours. The product was

extracted using a rotary evaporator at thé@(25,26]. Then, 0.01 g from the dry Ag NPs



was dispersed in 20 ml distilled water and stif@d5 min at room temperature. SIQIPs
(0.1 g) was then added and further stirred ungl ylellow suspension was observed. The
product was separated by centrifuge (6000 rpm)hedsvith distilled water (3 x 20 ml) and

ethanol (3 x 10 ml) and dried in air at 8D for 24 h [27].
2.3 Preparation of STWQOq4

0.005 mole of Sr(Ng), and 0.005 mole of NaW/fwere separately dissolved in 15.00 mL of
ethylene glycol (PEG-6000). The two solutions wenixed with continuous stirring

(rpm=2400) for 24 h at room temperature {80). Finally, white precipitate was obtained and
washed with distilled water (3 x 20 ml) and ethag®k 10 ml). The product was dried in air

at 80°C for 24 h [14].
2.4 Preparation Ag/SIO/STWO4

Ag/SIO,/SITWO, nanocomposite was obtained by dispersing 100 miggébiO, and
300 mg of SIWQ in ethylene glycol (50 ml) to maintain the reguairAg NPs percent. In
order to maintain the homogeneity of the nanopasijcthe solution was stirred for 24 h at
room temperature (30 °C). The pH of the solutioptlenstant at 4.6 using HCI or NaOH
aqueous solution. Then the product was separategrtyifuge (6000 rpm) and washed three
times with distilled water (3 x 20 ml) and etharf8/x 10 ml). To completely remove the

ethanol, the sample was kept in the oven for 24shau70 °C.

2.5 Catalytic and Photocatalytic removal of MB

20 mg of the catalyst (Ag/SKOSITWO,, and Ag/SIQ/STWO,) was dispersed in 10 ml of an
agueous solution of MB (10 ppm) at room temperatililee mixture solution was stirred in
the dark for 30 min to reach the adsorption/desampeéquilibrium. For catalytic experiment,
0.08 M HO, was added and the concentration of MB was recordgdUV-Vis
spectrophotometer. In case of photocatalytic expant, after the 0.08 M of 4@, addition,
the solution was irradiated by visible light (500tWwhgsten halogen lamp with> 420 nm).



2.6 Photor eduction of p-nitrophenal

The photoreduction gb-nitrophenol (NP) was performed under visible liginadiation and
room temperature. 40L NP (0.01 M) was mixed with deionized water (2.§ and stirred
for 1hr to establish equilibrium. Then, 80 of NaBH, solution (0.5 M) were added to evolve
bright yellow color. Subsequently, 14 of the catalyst (5 mg/ml) was added and the yello
color disappear was monitored with UV-Vis spectpimeter at 440 nm.

2.7 Characterization

The patrticle size and shape of hanocomposites evemacterized by transmission electron
microscopy (TEM, JEM-2100 (JEOL). The morphology tbe fabricated nanostructures
scanning electron microscope (SEM, JEOL-IT100LAE ®RD patterns were recorded using
Shimadzu X-ray diffractometer with CuKal radiatiha = 1.54056 A). The accelerating
voltage of 40 kV and an emission current of 30 mArevused. The FT-IR spectra were
recorded using JASCO- FT-IR 6800 spectrometer. Hihetoluminescence emission spectra
were recorded at room temperature with a spectudlmeter Shimaduz RF5301PC. UV
visible were recorded by Shimadzu 240 instrumerdtall organic carbon (TOC) was

measured using a Sievers 5310 C analyzer and exgas were performed three times.
3- Resultsand Discussion

The crystal structure of the prepared nanopartwigs investigated by XRD spectroscopy
(Fig. 1a). The XRD pattern of Ag NPs shows the abtaristic peaks at locate at 37.76,
43.76, 64.41, 77.61 related to (111), (200), (22ay (311) respectively, which is identical to
JCPDS No0.87-0720. Deposition of Ag NPs on the,®s reflected on the XRD pattern of
Ag/SIiO, pattern, which show an extra broad scattering feakhe amorphous SgJ28] in
addition to the Ag NPs peaks. Similarly, S’\VRPs show an XRD pattern identical to the
scheelite tetragonal structure phase with the cheriatic peaks at 17.51, 27.12, 29.45, 32.85,

44.93, 46.93, 51.40, 55.45, 57.15 related to (1(1)2), (004), (200), (204), (220), (116),



(312), (224) crystal plane Srw@orresponds to JCPDS No. 08-0490. The XRD pattérn
Ag/SiO,/SrTWQ, nanocomposite show the combination of the indi@idpeaks of the
components with lower Ag NPs peaks intensities7at,343.7, 64.4, and 77.6The decrease

of peaks intensities reflects the strong interachietween Ag/Si@andSrwaQ,.
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Fig. 1. a) XRD pattern and b) FT-IR spectra of Ag NPs, AQLS SrwQ, and

AQ/SiO,/SIWOy,.

The FT-IR spectrum of Ag NPs shows a broad pea@4@6 cn?* characteristic for
the presence of hydroxyl surface groups {QHFig. 1b). Aliphatic CH groups appeared at
2800 cnt' * in addition to the stretching C-C bond at 1730’ énDeposition of Ag NPs on the
SiO, NPs causes the decrease of the OH and C-C peak® dioe strong surface interaction.
The enhanced intensity of 1100 thpeak was assigned to the Ag/$i€rong interaction
through O-Si-O bond. On the other hand, Sisibw the characteristic peak at 805’ for
the antisymmetric stretching vibration of O-W-O Han WQ,? anions [29]. Upon addition

of Ag/SIO, to the SfTWQ NPs, the spectrum shows the combined peaks watli¢lerease of



intensity of 1100 cm® of Ag/SiO, and peak at 805%m”! of SrwQ, which could be

interpreted by the strong interaction between AQ{%ind SI\WQ.
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Fig. 2. SEM for a) Ag-SiQ, b) Ag/SiQ/SrWQ, and TEM of ¢) Ag/SiQ, d) Ag/SiQ/SrWQ,.

The EDS of Ag/SIQ@SrWQO, e) and scattered pattern in f).



The morphology of the nanocomposites was explosatguboth SEM and TEM (Fig. 2). The
data show that Ag NPs and Ag/Si@anosphere posses an average size of 8 nm anch 70 n
respectively. Upon addition of Ag/SiQo SrwWQ, the average size of Ag/SISrwWQO,
slightly increased to 75 nm. This result was conéid by the TEM (Fig 2c-d). The
composition of the nanocatalyst was determined filoenEDS (Fig. 2d). As shown, the EDS
indicate the presence of the individual componehtAg/SiO/SI\WQ,. The Ag NPs
percentage was measured as of 3.5% in Ag/SI®&/O, by EDS, which was confirmed by
ICP-AES technique. In addition the crystalline matof the catalyst was observed from the

presence of the scattered pattern (Fig 2f).
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Fig. 3. a) absorption spectrum @&g/SiO,/SrWO,, b) Tauc plot and ¢) surface charge for

SrWQO,, Ag/SIO, and Ag/SiQ/SrWO, nanocomposite.

The UV-Vis absorption spectra of SrWw@nd Ag/SiQ/SrWO, were measured (Fig.3a) in
agueous solution. The absorption spectra of S/Wfive peak at 280 nm, while
Ag/SIO,/SIWQO, shows an extra broad peak at 420 nm attributetidoAg NPs plasmonic
absorption. The optical band gap of the SANAY/SIO, and Ag/SIQ/SIWQ, was calculated
from the UV-visible diffuse reflectance measuremdi#d]. Kubelka-Munk functionghv =
A(hV-Eg)Z, where a,h, v, A, and Ey are absorption coefficient, Planck constant, light
frequency, constant and band gap energy respectie obtain the band gap energy,
(ahv)? versus thénw was plotted and extrapolation of the straight fetion tohv=0 [30].

Fig 3b shows the optical band gap of Sr'y\éD 3.8 eV, and lower value for Ag/SI(B.67



eV), while Ag/SiQ/SrWQO, nanocomposite show a lower band gap at 3.56 d¥rdstingly,
the optical measurements show the emergence ofgstiosorption peak at 2.9 eV attributed
to deposition of the surface Ag NPs. The surfacargdn of the catalysts was measured by
Zeta potential (Fig. 3c). The high negative surfaterge ofSfwWQ, (-25.0 mV) was
decreased with the addition of Ag/SiG15.0 mV). In average, relatively low surface gjear
was situated on Ag/SKIBrWO, (3.0 mV), which might be the reason for the waadivity

of the catalysts in different pH values (see dismrsbelow).

Catalytic and Photocatalytic activity

The catalytic activity oAg/SiO, SIWQ,, and Ag/SIQ/SrWQ, was investigated using
MB as model cationic dye by different methodologiesh as UV-Vis, TOC, and in situ FT-
IR spectroscopy. In absence of either light ofOF the catalysts show insignificant
adsorption 11.2, 9.7, and 12.1 % for Ag/S®WQ,, and Ag/SiIQ/SIWQ,, respectively (Fig.
4a, 5a). Upon kD, addition, Ag/SiQ shows 10% degradation efficiency after 40 min (Fig
4b), while SrWQ take longer time (70 min) to reach the same degiaal efficiency (10%)
(Fig.5b). Interestingly, the hybrid Ag/SSrwQO, nanocomposite completely decomposes
MB in 32 min. lllumination of the MB solution contes Ag/SiQ with visible light ¢> 400
nm) decompose 10% of the dye at 40 min (Fig. 4tjlemthe SrwQ take longer time (70
min) to achieve the same efficiency (Fig. 5c). Huglition of Ag/SIQ/SrWQ, to the MB

solution completely decomposes the dye in 70 mig. @a).

lllumination of the MB with visible light in presee of HO, significantly reduces the time
for degradation process. For example, Ag/iSi€nove about 38.8 % in 20 min while SrwO
need more than 50 min to remove 18% (Table 1). l@nather hand, 1%Ag/SHBrWO,

initiate the photo-oxidation process of MB to remownore than 90% in 40 min.

3.5%Ag/SIQ/SIWO, needs only 22 min to remove more than 99% of tH# (Wig. 6b).



Further increase of the Ag NPs percentage to 5%cesithe photocatalytic activity, which

ascribed to the surface agglomeration of Ag NRsgit concentrations.

In order to clarify the mineralization of MB by A®I0,/SrWQy, the total organic carbon
(TOC) was measured before and after the photod¢&talsocess [31,32]. Before visible light
irradiation, the solution of MB and Ag/Si3rwW0O, gives TOC value of 28.2 mg/L. Upon
irradiation of the MB solution (20 min) containird)5%Ag/SiQ/SI\WQO, (20mg), the TOC
value reduced to 2.7 mg/L [33]. This indicates thgtSiO,/SrWO, potentially convert MB to
carbon dioxide and water [34,35]. Furthiag FT-IR spectrum of MB show vibrational modes
related to the organic molecule structure such as the NH (3340 cm™), aromatic CH groups
(2010-2080 cm™) (Fig.6c) [36,37]. Fig. 6¢ shows the disappearing of the complex vibrational
modes and decreasing the intensity of the aromatic CH for MB after adding the catalyst and
irradiated the solution for 10 min,15 min and 20 min. At the same time increasing intensity
peak at 1640 cm™ confirm the formation of H,O [36]. The vibration peak at 3524 cm™ is
assigned to the stretching vibration mode of the surface hydroxyl groups. This peak intensity
increases with the irradiation time and MB degradation, which ascribed to the chemisorbed
water on the Ag/SiO./SrWO, surface. Hence, both TOC and FT-IR results confirm that the
degradation is not due to the adsorption of methylene blue on the Ag/SiO,/SrWQO, surface,

rather to the photocatalytic degradation activity of Ag@SiO./SrWOQO,.

The kinetic parameters of the degradation of MBdifferent catalysts were calculated based on the
pseudo-first order reaction model. Degradation & by Ag/SIiO,, STWQ,, and Ag/SiQ/SIWO,

and x%Ag/SiQ/SIWQO, was increased with tim&(C,) (Fig. 6d and 7). The reaction rate constant
(k) (Table 1) was calculated from the relation betwdiee In C/G versus time (Fig. 7b and d).
Catalytic degradation of MB in presence ofC4d by Ag/SiQ; was more than 8 times faster than
SrWQ,. While the intimate contact iAg/SiO./Sr'WQ, boosted the rate constant more than 200
times than the pristine Srw@nd 25 timemore thanAg/SiO,. On the other hand, under visible

light, the contact between Ag/Si@nd SfTWQ, increases the rate constant by 6.2 times than

10



Ag/SIiO,. Interestingly, the photodegradation under botsibleé light and HO, increases the rate

constant 65.9 times than Sr\WWOUpon addition of 3.5%g/SiO./SIWQO,, the rate constant

increases by 389 times than the pristine S{WO
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Table 1: kinetic parameters for the degradation MB by SrwQ, Ag/Si0G, and
Ag/SiO,/SIWO.
Dark/H,O, Visible (plasmonic) Visible/H,O,
Catalyst bond activation Plasmonic/bond activation
k(10% | Time (min) | k(107 | Time (min)| k(10% | Time (min)
SrWo, 3.9 50 (18)2 - - 2.9 50 (18)
3.5%Ag/SiQ 31.9 40 (28.8) 72.7 50 (15.2) 191 20 (38.8)
3.5%Ag/SiQ/SIWQ, | 788.9 35 (91) 457.1 70 (95.3) 1128 22 (99)

Y/alues in brackets gives the % of dye degradation
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Effect of catalyst dose

In order to investigate the effect of the catalgsse, different concentrations of
Ag/SIO/SIWO, were used. Fig. 8a-c show the ability of differeatalyst concentration to
decompose the MB. The removal of MB was increasethtreasing the catalyst dose from
10 mg (97% in 70 min) to 20 mg (99% in 20 min), lehithe removal percent was decreased
with the increasing the dose to 30 mg (92.9% im®8), which attributed to aggregation of
Ag/SIO/SIWO, at high catalyst dose. The nanoparticles aggregyaduces the active site
and decreases the light penetration [38-40]. Theetld rate constant was in the same
direction with higher rate for 20 mg (0.1128*Mand lowest rate constant in case of 30 mg

(0.0489 MY) (Table 2). This result shows that the optimurtalyat concentration was 20 mg.
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Fig. 8: Effect of Ag/SIQISIWQ, catalyst dose a) 10 mg, b) 20 mg and kinetic pbdts

different dose concentration.

Table 2: kinetic parameters for the degradatioklBfby different doses of Ag/SIKIErWO..

3.5%Ag/SiQ/SIWO,
Parameters
10 mg 20 mg 30 mg
k(10% m* 803t 1.7 1128.8 2.1 489.% 1.26
Removal time, (%) 70 min (97.3) 22 min (99) 55 rt82.9)
Effect of pH

The pH effect on the photocatalytic activity of &gD,/SrWQ, was investigated (Fig. 9). The
removal of MB was increased by increasing the pinfracidic (91% in 45 min) to neutral
(97% in 19 min), and alkaline medium (97.9% in 1iB)mThe kinetic rate constant was in the
same direction with higher rate in alkaline (0.16@5) and lowest rate in acidic medium
(0.0552 M%) (Table 3). This result is in accordance with AgSiO./SrWO, surface charge
(Fig. 3b). The increased photocatalytic activityAm/SiO,/SrWQ, in alkaline medium was
due to the electrostatic interaction between th&tipe MB and the negative charge on the

nanocatalyst (-3.0 mV).
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Fig. 9: Effect of pH on the photocatalytic activity of Agls/Sr\WO,

Table 3: kinetic parameters for the degradatioMBfby Ag/SiO,/SIWQ, at different pH.

3.5%Ag/SiQ/SIWO,
Parameters pH 4 pH 7 pH 10
k(10 M* 552.6 1128.8 2.1 1625.% 3.4
Removal time, (%) 45 min (91.0) 19 min (97%) 15 rf9ii.9%)
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Reduction of p-nitrophenol by catalysts

The ability of the photocatalysts for the reductafrorganic substrates was evaluated
using p-nitrophenol (PNP) as organic model. The PNP alisorgeak at 317 nm shifted to
longer wavelength (400 nm) with the addition of MaBdue to the formation of
nitrophenolate ion [41-43]. With addition of theqtbcatalyst, the nitrophenolate peak at 400
nm gradually disappears in presence of simulatedighu (Fig. 10a-b). In addition, the
photocatalytic produgb-aminophenol (PAP) posses a characteristic pe&80@mnm with the
color solution change from pale-yellow to colorl¢44]. The change in PNP concentration
with time (C/C0) was calculated (Fig. 10c). Theutesreveal that the concentration of PNP
slightly decreases with time after SrwW@20 min, 20%), while in case of Ag/SiO
nanocatalyst, a significant decrease in PNP coratéott was observed with time (40 min,
82%). On the other hand, dramatic decrease in #intkincrease in the rate constant was
observed for Ag/SigdSrWO, catalyst (20 min, 94%) (Fig. 10d). The kineticerabnstant was
increased in the same direction for SryV@g/SiO,, and Ag/SiQ/SrWO, which give values

of 0.00413, 0.11573, 0.12289 xAM™* respectively (Table 4).
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Fig. 10: a) UV absorption of time dependgmNP to p-NA conversion under visible light
using Ag/SiQ/SrWQ, and b) Ag/SiQ c) and d) are plots of C§Grersus reaction time and
In(C/Cy ) versus reaction time.

To investigate the photocatalytic activity &WQ,, Ag/SIO, and Ag/SIQ/SrWQy, the
photoluminescence prosperities were measured 1Ea). Nanostructure show luminescence
as a result of the recombination of the excitedtada (€') with the hole if); the increases

of the recombination process gives high luminesedransition [45-48]. The photocatalytic
activity of nanostructure will decrease accordinghcrease of the recombination decrease
photocatalytic activity [49-51]. Here, the SrWWGhow a strong photoluminescence peak at
360 nm and broad peak at 465 nm attributed to iple électron-hole recombination (Fig.
1l1a). Similarly, Ag/SiQ show high luminescence at 365 nm. The luminescesfce
Ag/SIO,/SIWQ, at 365 was lower than the Ag/Si@nd SrwQ which suggested that

Ag/SiO,/SrWO, more photocatalytic active.
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Table 4. kinetic parameters for the reduction@NP top-NA by Ag/SiO,/SIWO, Ag/SIO;,

and SrwaQ.
Catalyst k (10°M™ Percent (%) Time (min)
3.5%Ag/SIQ/SIWO, 0.12289 94.2 20
3.5%Ag/SIQ 0.11573 82 40
SrWQO, 0.00413 20 20

Catalytic and Photocatalytic mechanism

In order to investigate both catalytic and photalygic mechanism, trapping
experiment for the reactive species was perfornmethe removal of MB by Ag/SigSrWQO..
We used trapping agents suchpasenzoquinone, isopropanol, and EDTA fos"'®, < OH,
and h* respectively [52,53]. In the catalytic mechanisnark), the removal of MB was
significantly inhibited (91% in 35 min to 72.4% 86 min) in presence of isopropanol, and
from 91% to 63.9% by-BQ. This result implies that the catalytic degtaata of MB in
presence of b0, dominated by theOH and Q" « radicals (Fig. 13a). On the other hand, the
photocatalytic mechanism was affected by the amditf different trapping agents. The
addition of both isoprobanol and EDTA was slightlgcreasing the reaction rate of MB
removal, 25% and 10% respectively. While, additodrthe same concentration pfBQ to
the reaction was significantly suppress the deatitom of MB (55.2%). These results show a
significant role of the photogenerated electrontharemoval mechanism, wh#©H andh®

have a secondary role (Fig.13a).
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Based on the trapping experiment, the catalyticratigion of MB by Ag/SIQSrWO,
through the adsorption and decomposition gb¥to activesOH and Q" « radical (Fig. 13b)
[6,17,54]. The catalytic mechanism initiated by #usorption of dye on the catalyst surface,
where the adsorption percent was 11.2, 9.7, and 2. for Ag/SIQ SrWQ, and
Ag/SIO/SIWO, respectively. Then, ¥D, decomposed on the surface by the Lewis acid and
base surface equilibrium. The free electrons onctialysts surface act as active centers for
catalytic process [9,55]. This was confirmed by tiegative surface charge of —25.0, —15.0,
and -3.0 mV for SrIW@Q Ag/SiO, and Ag/SIQ/STWQ, respectively. Alternatively, upon
addition of HO, to Ag/SiQ/SrWQ, the surface Ag NPs oxidized to Awhich activated the
breakdown of KO, bondand generate the reactive ® radical (eq.1) [17,54]. Then the

cycle was completed by further reformed Ag NPs dghoreduction of Afin presence of

0,"« (eq. 2).
Ag NPs + HO, - Ag" + 0"« + H,0 1)
Ag"+ 0"« _ Ag NPs (2)

This could be observed by the change in the FTpé&ctsum after KO, addition (Fig.12a)
and confirmed by theoretical calculation. A newlpa@s observed after the addition o4

to the nanocatalyst at 2100 ¢mwhich attributed to the interaction between thefameg Ag
atoms and W atoms (Ag-W) [9]. In addition, the A@QSSrWO, XRD peaks intensity
particularly at 25, 47, and B8vas decreases and slightly shifted after additiohmM H,O,
was observed (Fig. 12 b). In order to confirm thabgity of the Ag/SIQ/SIWQ,, the
concentration of the Ag NPs were measured by tieAES after the LD, injection to the
solution. The result shows a slight decrease efth NPs concentration (decreased from 3.5
to 3.25 %) after kD, addition, which might attribute to the dissolutiohthe Ag NPs. In

order to investigate the nature of contacts in AgSrWO,, DFT calculations (wbh97x-
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D/lanl2dz) were performed. The optimized structofedg:4 clusters at the SrwQunit cell
shows a strong noncovalent interaction betweenkg\e atoms (Fig 11b). The bond length
of Ag...W ranged from 2.66 to 2.78 A, which is lebart the sum of the van der walls radius.

The SrWQeAg complex was stabilized by 4.67 kcal/mole.

a) b)
Srwo,
——Ag@Sio,
—— Ag@SiO2/SrWo,
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Fig. 11: a) Photoluminescence of SrW@®g/SiO,, and SIWQ, b) optimized structure of

Agl14/SrWQ at wbh97x-D/lanl2dz.
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Fig. 12: a) FTIR and b) XRD spectrum of Ag/SI8rWQ, after HO, treatment (1 mM).
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Under visible light, Srtw@absorption was neglected due to the wide band38peV)[14],
which highly restricted its use as photocatalysiarnvisible light. To increase visible light
absorption, plasmonic noble metals such as Ag NB® wloped in order to enhance the
photocatalytic process [53,56-58]. To asses thetgohatalytic mechanism, CB and VB

potentials for both SrWwpand Ag/SiQ catalysts were calculated according to the formula

[59]:
Ecs =X - E°— 0.5E, (1)
Eve = Ecs +E4 (2)

The E, and Eg, are the conduction and valence band potentialggng® is the energy of
free electrons against standard hydrogen elecif&eeV) [60]. On the other hang,is the

electronegativity of the individual semiconductarsl calculated by Eq. 3 [61]:

X =L (A)%x (B)°x (C) M+ (3

where, a, b and c are the number of the individt@ins in semiconductors. For Sr\W&he
potential for CB and VB was calculated as -0.88 aa@ eV respectively. On the other hand,
the calculated CB and VB potentials for Ag/gi@atalyst were -0.45 and 3.21 eV
respectively. The charge separation mechanism peofitat the separated electrons on the
SrWQO, CB will be injected to the Ag/SKOCB as the former has more negative potential.
Consequently, the accumulated holes in the Ag/$IB will transferred to the SrWOVB to
form an n-p heterojunction (Fig. 14a). Howeverstimechanism is abandoned by the lake of
visible light absorption by SrwWfxo generate electron/hole separation due to thle band
gap (3.8 eV) [14]. Alternatively, plasmonic Ag NBscorated Si9NPs forms surface SPR
through the interactions of electromagnetic radratvith the surface free electrons (Fig.14b)
[62-64]. The resulting high kinetic electrons (helectrons) were injected to the CB of

SrWQ,. The hot electrons on SIWACB react with the surface,Qo generate the active
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superoxide radicals ¢J) radical, sequentially, electron holes)(taccumulated on the

Ag/SiO, VB. Generation of reactive oxygen species (@nd H) boosted the MB photo-

oxidation andp-nitrophenol reduction.

Addition of H,O, to the photocatalytic reaction (Table 1) increaties Ag/SiQ/SIWO,

photocatalytic activity. This increase attribut@deixcess reactive oxygen species (@nd

h") liberated form the external,B, [65].

I |
0 a) B dark
B Visible-Ho0o

O\O -
580

5
k]

g

e
260

40

No scavenger p-BQ isopropanol EDTA

Fig. 13: a) trapping agents effect on the degradation of B\g/SiG/SrWO, under visible

light, b) Catalytic mechanism of the removal of M Ag/SiG/SrWQ,.
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Photocatalyst stability

The stability of the photocatalyst is an importéattor for practical application. In order to
evaluate the stability, after each experiment thet@catalyst was centrifuged, collected and
dried for the next cycle. Fig. 15 shows the sudees$ cycles activity of the MB
photodegradation over Ag/SI3rwWQO, under visible light. The photocatalytic efficienoy
Ag/SIO/SIWO, shows more than 80% form the initial degradatidtera5 cycles. The
decrease in the photocatalytic efficiency attridute the dissolution of Ag NPs, the ICP
results confirmed the slight change of Ag NPs catregion from 3.5% to 3.25%). This
results show that Ag/SKIBrWQO, is stable and durable photocatalyst. In addititre
Ag/SiO,/SrWQ, photocatalyst show superior performance comparethéocorresponding
SrWQ, and SrWQ doped materials (Table 5). The optical absorptdisrwQ, in the UV
region (280 nm) restricts its applications in ploatialysis. As a result, the usage of SIWO
without doping takes longme to degrade the organic dyes. Moreover, whaGardoped

with Eu" or graphene nanosheets, the performance of thegatalyst was not significantly
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improved. On the other hand, when Sriwf@ped with 3.5% of Ag NPs supported on $iO
the photocatalytic performance was significantlyproved after irradiation with visible light
(Table 5). This result show that posses high stgb{used several times) and superior
performance (short time under visible light) foe fphotocatalytic degradation of organic dyes

(MB) at different environment.
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Fig. 15: Stability of Ag/SiI@SrWO, under visible light irradiation for MB aqueous sabn.

Table 5: photocatalytic activity of different SrvyCatalysts.

Photocatalyst Light Target | pH | Decomposition | Time | Ref.
irradiation | dye (%) (min)

SrWO04 uv MB 7 54 60 [15]
uv 3 74 60

SrWO04 uv RhB 100 80 [66]
uv Rh6G 100 50

SrWO04 uv MO |69 29 110 | [67]
uv MO |31 82 30

Srwoas Visible RhB 80 240 | [68]

Srwo4/Eu*3 Visible MB 82 120 | [16]

Srwos uv MO 57.3 110 | [69]
Srwo4/4%GO uv MO 95.7 110
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3.5%Ag/SIQ/SIWO, | Visible MB | 10 97.9 15 This

work

Conclusion

Activated HO, on Ag/SiO,/SrWQ, surface enhance the catalytic and photocatalytiovel

of both MB andp-nitrophenol at wide pH values. The enhanced ctatalyctivity was

assigned to the specific interaction between sarfsg NPs and the W atoms in Sr\&/@n

another hand, the photocatalytic activity was ladtied to the injection of the Ag NPs hot

electrons to the SrWOCB. Ag/SiIQ/SIWO, show enhanced catalytic and photocatalytic

activity towards removal of organic pollutants atlevpH values and minimum dose.
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Highlights
» Facile synthesis of Ag@SiO, on STWO, surface.
*  Hy0; activated on Ag@Si O,/SrWO, surface in the dark and under visible light.
» Both catalytic and photocatal ytic enhanced in presence of H,O, at wide pH range
e Unique contact between Ag and W activated H,O; in the dark, while plasmonic

nanoparticles was the main source of ROS.
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