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Abstract

In this work, Ad and ZA#" co-doped CaW@nanoparticles were obtained by fast and
facile sonochemical method. The nanoparticles whegacterized by X-ray diffraction
(XRD), Fourier transformed infrared spectroscopyllf), Raman spectroscopy,
scanning electron microscopy (SEM), transmissi@ctebn microscopy (TEM), visible
ultraviolet spectroscopy (UV-Vis) and photolumingsce property. The photocatalytic
activity was studied against methylene blue (MB dynder sunlight and CaWwO
powders were tested in 3 reuse cycles. The difitaams indicate the non-formation of
secondary phases and the Rietveld refinement dstiiniae crystallite sizes, being
27.38, 19.89, 18.70 and 16.39 nm for the pure,Zhgand Ag:Zn samples, respectively.
SEM and TEM images showed that the particles agtoagerated and have a mean
diameter ranging from 16.76 (Ag:Zn) to 71.76 nmrg)uDefects generated by doping
shift the gap band to higher energies and act &vemt electron/hole (&) pair
recombination, reducing photoluminescence and fagorCawWwQ photocatalysis.
Scavenger methodology indicated that s the main mechanism acting in
photocatalysis, and the reuse tests indicatedlieasilver-doped sample, even with the
better initial response, loses efficiency over ¢barse of the cycle, while the co-doped
sample maintains efficiency, and is therefore iat#id for reuse photocatalysis
applications in methylene blue dye degradation.

Keywords: Sonochemical method; Ag and Zn co-doped CaWbotoluminescence;

photocatalysis.

1. Introduction



Environmental policies regarding industrial waseatment become stricter with
industrial advancement. Waste from the textile & industries receives special
attention due to the generation of organic and msdkible waste, which harms the
local fauna and flora [1]. Thus, treating theseidwss using advanced oxidative
processes (AOP) based on heterogeneous photocat&ysvidely reported in the
literature, where a semiconductor material actsaasatalyst in the photocatalytic
process [2-5]. TiQis the most studied semiconductor material beca@ubas good
photocatalytic properties and is non-toxic [6, Apwever, this material has limited
properties, mainly due to its crystalline structufdus, materials that have a more
complex structure, such as two different cations,gaining attention.

Semiconductor materials of X\W@X = Ca, Cu, Zn, Cd) structures are widely
reported in the literature due to the excellent pproes derived from their
microstructure [8-11]. In heterogeneous photocatsjye/h™ pairs are generated when
the semiconductor is excited by sufficient energgiation to overcome its gap energy
(Egap) [11]. If these charges do not recombinéh&r tinitial state, they migrate to the
surface of the materials and react with the medinigenerate reactive oxygen species
(ROS), which have a high capacity for degradatiborganic pollutants [12]. Among
these materials, CaWas gained attention for photocatalytic applic&tialue to its
chemical and thermal stability, in addition to hayia high direct Egap (~ 4.5 eV),
making it difficult to recombine the/g" pairs [13-15].

Heterojunctions or doping are normally performedomder to improve CaWp
properties, thus altering the recombination ratehef photogenerated/le” pairs [15-
17]. Zhanget al. [18] showed that one way to optimize Ca\Vjghotocatalytic activity
is by synthesizing a biochar composite, which reduthe recombination of the

electron/hole pairs photogenerated. Meanwhile, lgwtral. [19] showed that CaWpQ



co-doping with Er/Yb and Tm/Yb increases their gloatalytic activity by generating
more Q radicals. The mechanisms of Ca\\j@hotocatalysis are little discussed in the
literature, as most of the studies report the ghoimescent and electrochemical
properties. In addition, the vast majority of woreport rare-earth doping of Caw.O
Thus, in this work transition metal ions (Agnd Zri*) co-doped CaW@nanoparticles
were synthesized by the fast and facile sonochémeghod, explaining the main
photocatalytic mechanisms acting on pure and dopatkrial and reusability against
methylene blue cationic dye.
2. Materialsand methods

Calcium nitrate (Ca(Ng)..4H,O - Alfa Aesar, 98%), silver nitrate (AgNO
Synth, 99%), sodium tungstate @W&O,2H,O - Synth, 99.5%), zinc nitrate
(Zn(NGs)2.6H,O - Sigma-Aldrich, 98%), polyvinylpyrrolidone (PVP (CsHgNO), -
Vetec P.M. 40.000), ammonium hydroxide (}MHH — Synth, 30%) and deionized water
were used as precursor materials.

A solution containing 2 mmol calcium nitrate, 10 winPVP and 40 mL
deionized water (solution I) and a solution contagn2 mmol sodium tungstate, 10
mmol PVP and 40 mL deionized water (solution Il)switially prepared. Both
solutions were kept under stirring for 10 min fanglete homogenization. After this
time, solution (I) was immersed in the solution) @hd stirred for 10 min, forming a
transparent solution (solution III). Ammonium hygide was added for pH control,
setting it to 10, making the solution a whitisharolThe solution (lll) was then taken to
a Branson 102C ultrasonic tip (20 kHz) where it agmad for 30 min. After ultrasonic
treatment, the precipitate was centrifuged and w@skith deionized water until pH
neutralization. The powders were then dried forh2dt 60 °C. Silver and zinc doped

samples followed the same methodology, with silvetrate and zinc nitrate



stoichiometrically added at 4 mol% proportions &cwm nitrate in solution (I). The
co-doped sample was performed using 2% silver &oedzibic. The bare powder was
named Pure, while the doped samples were namedA@nd Ag:Zn, according to
doping.

The powders were characterized by X-ray diffract{@himadzu, XRD-6000)
using Cukx radiation (1.5418%), in which the powders were scanned from 10 t& 90
using a speed of 1°/min and step of 0.02°. Rietvelthement using the General
Structure Analysis System (GSAS) program with gregdhnterface EXPGUI [20] was
performed to obtain more crystallographic informoatiTo do so, we used background,
scale factor, microstructure, crystal, texture atrdin parameters for refinement. The
Fourier Transform Infrared (FTIR) technique was fpened using the Shimadzu
IRTracer-100 equipment, with scanning from 500 @0@ cni". The Raman scattering
spectra were recorded at room temperature in dggiéncy range from 100 to 1200 cm
! with a resolution of 2 cth and 64 scans, using a VERTEX 70 RAMII Bruker
spectrophotometer (USA) with a Nd:YAG laser (1024)rand the maximum output
power kept at 100 mW. A scanning electron microed&@EM) was used to observe the
organization and morphology of the powders. Trassimn electron microscopy (TEM)
and high-resolution transmission electron microgc@tRTEM) was performed in the
FEI TECNAI G2 F20 microscope operating at 200 kWieTUV-Vis spectroscopy was
performed on a Shimadzu UV-2550 equipment, withaaelength range of 200 to 900
nm and programmed for the diffuse reflectance midéelka-Munk function [21] was
applied to convert reflectance data in absorbaaiee,the Wood and Tauc methodology
[22] was used to estimate the bandgap (Egap) enditgy photoluminescence (PL)

measurements were obtained using a 325 nm laseomt temperature in a Mosospec



27 monochromator (Thermal Jarrel Ash, USA) coupled an argon laser
photomultiplier (Coherent Innova 90 K, USA).

2.1.Photocatalytic activity

The efficiency of the powders as catalyst was estioh by discoloration of the
methylene blue (MB) dye at pH 5 and maximum abswbat 664 nm. To do so, 5 mg
of powder was maintained in contact with 50 mL oBMolution (10 molL™
concentration) under UV radiation. The powder wasntained in contact with the MB
dye for 20 min to eliminate adsorbent effects. Aftes, the solutions were illuminated
by six UVC lamps (TUV Philips, 15 W) for 120 minh& photocatalytic activity was
then determined by the variation of the dye absampbands in a Shimadzu UV-2600
spectrophotometer.

The mechanism acting on the photocatalytic proeessdetermined by the use of
charge, electron {eand hole (), and hydroxyl radical @H) scavengers. For this,
isopropyl alcohol (1 mL alcohol/100 mL dye), EDTA2Z mg EDTA/100 mL dye) and
AgNO; (8.5 mg AgNQ/100 mL dye) were used to suppress the action dfdxyl
radicals (OH), positive charges (hand negative charges)(@espectively.

3. Resultsand discussion

Fig. 1a presents the diffractograms for the CaV¥@mples obtained by the
sonochemical method. According to the diffractogsaih can be seen that they align
with the ICSD 15586 card, referring to the tetragoerystalline system Caw(and
space group | 41/a. It is also observed that thha® no formation of secondary phases.
Fig. 1b shows an enlargement of the highlighted amethe diffractograms (Fig. 1a),
referring to the main plane (112) of CaW@ can be seen that it shifts to greater angles
with the occurrence of doping, which is more evidér the silver-doped sample.

Displacement of diffraction peaks to larger angkesisually associated with reduced



interplanar crystal spacing [12]. Further crystadlinformation on doping in the CawO
4 lattice was obtained through the Rietveld refinetnd-ig. 2 presents the refined
diffractograms for CaW@samples, highlighting the difference between olesrand
theoretical values. Table 1 presents the crystafdgc data obtained through the
Rietveld refinement, as well as the refinement stiipent data.

The Rp, chi?, and R(F)? are a quality parameter for evaluation of the \Rilet
refinement quality. values close to 1 for tRe andchi® and values below to 0.1 for
R(F)? indicate a good refinement. In addition, visuahlgsis between observed and
calculated curves allows this analysis. Thus, tlaga dobtained from the Rietveld
refinement have coherence.’Chas an ionic radius of 0.106 nm, while *Aand zif*
have an ionic radius of 0.113 and 0.083 nm, respdygt Even with greater ionic
radius, the difference between the *Agnd C&' valences promotes compression
distortions in the CaWglattice, causing crystal size reduction to occ2B]] The
changes resulting from doping can be seen in Tdblavhere (according to the
refinement) thec/a ratio of tetragonal crystals increases with sildeping, being in
agreement with the reduction in interplanar spa@ng consequent displacement of
crystalline peaks. By looking at Figs. 2e and 25 ieasy to visualize the W coordinates
to four oxygen atoms, forming the tetragonal clufféO,], while Ca is coordinates to
eight oxygen atoms, forming the cluster [GaOSuch changes in the crystalline
structure associated with the non-formation of sdeoy phase peaks indicate the

correct incorporation of Agand Z#* ions into the Caw@lattice.



Insert Fig. 1
Insert Fig. 2

Insert Tablel

Figure 3a shows the Fourier transform infrared spscopy (FTIR) spectra for
the CaWQ powders. The wideband centered around 3408, @s well as the band
around 2300 cih, present in all samples corresponds to the el@mwatibrations
between O-H for water molecules adsorbed on thiaseirof the powders [24]. The
bands centered at 2930, 1649 and 1434 correspond to the bonds between &-G
OH and C-O, indicating the presence of PVP surfaaba the surface of the powders
[24]. The intense 760 cincentering band is associated with asymmetric eltog
vibration (3) between O-W-O present in tetrahedron J/{25]. As highlighted in Fig.
3a, silver doping generates the appearance of d 88855 crit, while zinc doping
promotes the appearance of a band at 622, @u these bands are associated with
elongation vibrations between Ag-O and Zn-O, respely.

Raman scattering spectroscopy was performed wattuency ranging from 100
to 1200 crit. According to Silvaet al. [26], broad vibrations mode in Raman spectra
indicates a short-range structural disorder. Thhe, well-defined vibrations modes
indicate a low level of defects in the CaWiattice. The bands at 910, 836, 794, 398,
330, 208 and 114 chare associated with the Ca\W@tragonal phase. The 910 ¢tm
band is associated with the symmetrical elongatith between W-O and the 330 ¢m
band is associated with the symmetrical elongati@in of the O-W-O. The band at 836
cm? corresponds to the anti-symmetric elongatieB) (and the band at 398 €m

corresponds to the anti-symmetrical elongatio#) (of the W-O [27]. The CaWp



scheelite group presents a strong covalent bond ¥k@ing the WQ* ionic group
and weak interaction with the €acations [28]. The noise increase in Raman spectra
for silver-doped samples is due to the defects rgeee in the CaW@lattice, indicating

the short-range structural disorder is more preisetiitese samples.

More information about the CaWQattice defects was obtained through the
symmetrical elongation peak4, between W-O, an®, between O-W-O. For this, the
peak was adjusted with the Gauss function in Orgiftware and are shown in Fig. S1
at supplementary material and the data are showabla 2. According to obtained data,
the vibration mode1 shifted to a lower frequency when doping witlvesi] while zinc
doping and the codoped sample shifted to a higtegjuency than the pure sample.
While vibration modes2 shifted to lower frequencies in all samples. Wheth at half
height (FWHM) of vibration modesl andv2 increased for all doped samples over
pure. Thus, the results are consistent with thossvs in the XRD results, where an

increase in disorder is expected with the replac¢mieCa atoms by Ag and Zn.

Insert Fig. 3

Insert Table?2

Fig. 4 shows SEM images for CaW®amples. As shown in Fig. 4a (Pure),
there is the presence of micrometer-scale beads,tas evident from the enlarged
image that these beads are formed by misshapedhology nanopatrticles. Figs 4b-4d
indicate that doping provides for a loss of tengetacform micrometer spheres where
nanoparticles randomly agglomerate. The CaWf@noparticle size estimation was
performed using ImageJ software [29]. The histograbtained are shown in Fig. S2 in

the supplementary material. As shown in the histog, the pure sample has a mean



diameter of 71.76 (x 8.85) nm, while samples dop&tth Ag, Zn and Ag:Zn have

diameters of 40.13 (x 6.47), 42.05 (x 9.69) and &g+ 2.53), respectively.

Insert Fig. 4

Small scale nanoparticle formation is easily aqohed by the sonochemical
method. In this methodology, the generation andlosipn of microbubbles generate
high local temperature and pressure. This resalEmost instantaneous nucleation of
various crystallites, which are prevented from grgvdue to the rapid duration of
temperature and pressure [1]. In addition, theali$®/P as a surfactant prevents crystal
growth, favoring the formation of small-scale pelas. According to Avila-Lopeet al.
[30], the use of low concentration solutions favdgming irregularly shaped
nanoparticles. Thus, the surfactant/precursor (&tib) used in this work was sufficient
to guarantee forming particles with small diameté&s highlighted in the Raman and
DRX pattern, silver causes a large number of iatedefects in the CaWQattice.
These defects act to alter the surface energy efctlystals and consequently their
growth, thus generating particles with smaller ddtens (Fig. S1) and which clump
together in order to reduce the surface energy.

Transmission electron microscopy (TEM) and highoh&son (HRTEM) were
performed due to the high agglomeration of the parles, as seen through the SEM
images. Fig. 5 shows the images obtained for thhe (eig. 5a) and Ag:Zn (Fig. 5b)
samples, followed by the magnifications obtainedHRTEM. Via the images, the
reduction in nanoparticle size is clearly obserbgdthe co-doped sample, and the
particles have no spherical character. The intagslaspacing was estimated using

HRTEM images, obtaining values of 3.10 and 3.0®Athe pure and Ag:Zn samples,



respectively. Such spacings are characteristi®f(112) plane, which corresponds to

the main plane of CaWf)as highlighted in Fig. 1.

Insert Fig. 5

Further information regarding the structural dissr@btained by Ag and Zn
doping in the CaW@lattice was obtained by ultraviolet-visible spesttopy. Fig. 6a
shows the absorption curves obtained by applyiegkhbelka-Munk equation to the
reflectance data. According to the obtained spedraincrease in the absorption
intensity as silver and zinc doping occurs is remtjcas well as the band shifting to
shorter wavelengths, indicating higher absorptiorthie ultraviolet region. Absorption
in the ultraviolet region is characteristic of Ca\Weénd is associated with charge
transfer transitions from the 2p electron of oxygartering the empty 5d tungsten
orbitals in the W@ complex [31, 32]. Thus, increased absorption agzoried by
shifting to shorter wavelengths is associated withgher level of defects in the CaWwO
lattice as doping is performed.

Figs 6b-6e illustrate the curves obtained by exti@mg the linear portion of the
curves obtained by the allowed direct transitio][3applying the Wood and Tauc
model for estimating the bandgap (Egap) of the mya«dThrough these curves, the
pure samples of Ag, Zn and Ag:Zn show Egaps of ,4899, 4.50 and 4.59 eV,
respectively. As shown in Fig. 6a, doping providesater absorption in the ultraviolet
region, indicating an increase in the energy reglifor exciting the valence band
electron to the conduction band. The increase iapHg probably associated with the
Burstein-Moss effect, where defects generated éyrertion of silver and zinc occupy

locations near the conduction band, shifting thigher energy values [34].



Insert Fig. 6

Fig. 7a shows the photoluminescence spectra acacoetpdy their respective
emission colors and Fig. 7b illustrates the positimthe CIE diagram obtained for the
CaWQ, samples in this study. The pure sample shows tghest intensity and
broadband centered at 500 nm, covering much oflvisiele spectrum. The CaWO
broadband is characteristic of;, °T, — A, transitions relative to W§ and WQ®
groups [35]. The photoluminescent capacity of thetemals is directly related to the
recombination velocity of the’/&" pairs, where the facilitation of this recombinatio
generates higher photoluminescent intensities [86]shown above, doping promotes
the appearance of CaW@ttice defects; thus, these defects act as impadi centers
for the recombination of #&" pairs, reducing the material photoluminescencd.[37
Silver-doped and silver-zinc-codoped samples hheeldwest luminescent intensities
due to the presence of silver, and their use i€lyickported due to the creation of high
impedance traps in theé/l® pair recombination [38]. In contrast to the redaetin
luminescent intensity with silver doping, an in@eain photocatalytic capacity is
expected. The displacement of the absorption batidzinc doping occurs due to the
emergence of oxygen vacancies, favoring emissiorthe blue region [38]. The
coherence between the theoretical and emissionrscaan be observed with the

assistance of the CIE diagram, as highlighted g Fa.

Insert Fig. 7

The photocatalytic activity of CaWowders was estimated by the variation of

methylene blue dye concentration when subjected\Mtoradiation. Fig. 8a shows the



curves of the variation in methylene blue dye cotraion over the test time. The
powders were initially maintained under agitatioithaut the presence of light to
eliminate the adsorptive effects. As seen in Fmy. tBe silver-doped sample exhibits
greater photocatalytic activity, completely reduciMB dye concentration after 120
min, while pure, Zn and Ag:Zn samples reduced thecentration by 25.99, 55.51 and
63.78%, respectively. Increased photocatalyticvagtiwith silver and zinc doping are
frequently reported in the literature [23, 39-48ilver doping generates oxygen
vacancies to balance the loads in the CaWi®ice due to differences in valence with
calcium. Even with calcium and zinc ions having theme valence, they have a
different ionic radius, where zinc is smaller. THifference between the rays promotes
the formation of internal strains, which hinder tim@vement of photogeneratedhé
pairs, improving photocatalytic activity. This cde proven by the reduction in
photoluminescent activity as previously shown. Asven in the photoluminescent tests,
oxygen vacancies act as impediment centers fof @air recombination, reducing
photoluminescence and favoring the migration ofrgés to the nanoparticle surface
and generating more advanced oxidative species JR®O8e dye surface oxidation.
The photocatalytic kinetic constant was estimatgdiriearizing the catalytic data for
better analysis of photocatalytic activity, as shoin Fig. 8b. The kinetic constant
determination occurred similarly to previous wofk&, 42]. Thus, kinetic constarits=
0.28x10%, 5.46x1(%, 1.21x10 and 1.79x18 min™ were obtained for pure, Ag, Zn and

Ag:Zn samples, respectively.

Insert Fig. 8



As seen in Fig 8b, the linear fit does not fit ttiata well as photocatalytic
efficiency is increased, indicating that dopingsaict reduce the continuous linearity of
the catalytic process. The reduction in lineargyaissociated with variation in dye
molecule concentration, where greater interactidh manoparticles initially occurs due
to higher concentration, thus increasing the catalgfficiency [43]. The kinetic
constant acts as an important tool for estimatiegdatalytic behavior of semiconductor
materials. The values obtained in this study itlist the positive effect of doping,
where catalytic kinetics increase by 20x when dgp@aWQ with silver. The
photocatalytic results are consistent with the plhumhinescent analyzes, indicating that
doping reduces the recombination rate 4f'gairs, favoring photocatalytic activity.

As discussed earlier, doping causes defects inCdi&/Q, lattice which act to
prevent the recombination of photoexcitéth'epairs. The performance of these charges
in photocatalysis was studied through the use alvestgers to better explain the
photocatalytic mechanism. Thus, Fig. 9 shows theatran curves of MB dye
concentration by the assay time using charge sgavenTo do so, AgNO(AG),
EDTA and isopropyl alcohol (ISO) were used to irhthe action of & h" and - OH,
respectively. Fig. 9a shows the curves for the mamaple, indicating that the use of
scavengers increases dye degradation. This fambnsistent with photocatalytic and
photoluminescent analyzes, where the pure samesepts a high recombination rate of
the éh" pairs so that by inhibiting one of these in isolatit will make the other
available to act on generating reactive oxygen ispeROS), thereby increasing the
photocatalytic activity of the powders. The effeftthe isolated mechanisms is less
evident for doped samples (Fig. 9b-9d) which hailmer €/h” pair recombination rate

due to the presence of defects in the materiatéatt



The silver-doped sample (Fig. 9b) shows a reductiophotocatalytic activity
with the addition of EDTA, indicating that holesagla major role in ROS generation.
Similarly, zinc-doped and co-doped samples (Figa®d 9d) indicate that holes play a
major role in the photocatalytic process, but etet also play a significant role. Thus,
the results indicate that'Hs the main mechanism acting in photocatalysis dtr
samples, being responsible for both directly oxmdjzdye molecules on the surface of
the powders, as well as interacting with the emment and generating hydroxyl

radicals [44].

Insert Fig. 9

The use of particulate materials in photocatalgiativity requires their correct
application so that there is no formation of se@wgpdresidues containing the
photocatalyst. Thus, the ability of the material He used in several consecutive
catalytic cycles without the need for complex tneaxts is a prime factor for large-scale
applications. Among the characteristics that makeagerial suitable for use in several
consecutive cycles is the chemical stability andnteaance of the activity over the
cycles [43]. The reuse tests in this work wereqrened by collecting the powders after
the catalytic cycles by simple centrifugation whighs then dried in the open air, and
the powders were weighed and the catalyst/dye mtiotained. Fig. 10a shows the
degradation of the silver, zinc and co-doped saspMhich showed the best
photocatalytic results, while Fig. 10b shows thiralttograms performed after the third
cycle. As shown in Fig. 10a, the silver-doped sapes its efficiency over the course
of the cycles, so it loses 26% of its efficiencytle third cycle, while the zinc-doped

and co-doped samples maintain virtually constativiac with each other. For the co-



doped sample, a slight increase in photocatalyficiency is observed in the second
cycle, followed by a reduction in the third cyclehis increase is associated with the
small amount of silver present in the sample, whbeeradiation incidence tends to
reduce silver on the surface of the particles, ity AJ and producing the surface
plasmon effect (SPR), while the reduction in effimy occurs by the subsequent
oxidation of these patrticles in silver oxide namtipkes (AgO). Tunet al. [44] also

reported the positive effect of reducing metalliges on the surface of AgBr powders
for photocatalytic activity, accompanied by a reducin subsequent cycles. According
to the diffractograms shown in Fig. 10b, the sideped sample shows the formation of
AgO and Ca, characterized by the ICSD 27669 catid monoclinic system and space
group C2/c (no. 15) and ICSD 44348 with cubic systnd space group Fm-3m (no.
225), respectively. The emergence of these phasksates the low chemical stability
for photocatalytic applications using ultravioledration, thus indicating the use of the
co-doped sample, which presented second-best p@tatgiic response and good

chemical stability without the formation of secongdphases.

Insert Fig. 10

4. Conclusion

Diffractograms indicate that sonochemical syntheses fast, simple and efficient
methodology for obtaining bare CaW@anoparticles and doped with silver and zinc
without the formation of secondary phases. Defexgtalting from doping act in altering
the growth kinetics of the crystallites, resultimga reduction in nanoparticle average
diameter from 71.76 to 16.76 nm for pure and coedopamples, respectively. The

occupation of Ag and Zn ions at levels close todbeduction band shifts the band to



higher energies, thus increasing the Egap. Theophtlytic and photoluminescent
properties of semiconductor materials are direclgted to the recombination ability of
the electron/hole pairs. Thus, it can be assumattthie occupancy of levels close to the
CawQ, conduction band by Ag and Zn cations act to redbeerecombination rate of
these pairs, improving photocatalytic activity amdlucing CawW@ photoluminescent
capacity. The photocatalytic capacity of Ag anddaped CaW@ powders is strongly
influenced by the action of the holes"(hwhich act by generating reactive oxygen
species and directly oxidizing the methylene blye dhains. Reuse tests indicate that
the silver-doped sample does not have good chersiahllity, generating secondary
phases over the course of the cycles. Thus, théoped sample is best suited for
photocatalytic applications, as it has a good gbib degrade the methylene blue dye
and maintain its chemical composition.
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Table captions
Table 1 - Microstructural and refinement parametdrmined through GSAS software
with EXPGUI interface.

Table 2 — Position gxand FWHM for thesl andv2 symmetrical elongation peaks
obtained through the GAUSS adjust.



Figure captions
Figure 1 - (a) Diffractograms of CaW@amples and (b) Diffractogram enlargement
near plane (112).
Figure 2 - Observed and calculated diffractogratsioed by the Rietveld refinement
for (a) Pure, (b) Ag, (c) Zn and (d) Ag:Zn sampéasl tetragonal structure illustration
for (e) Pure and (f) Ag:Zn samples.
Figure 3 - (a) FTIR and (b) Raman spectra for CaW&nples.
Figure 4 - SEM images for (a) Pure, (b) Ag, (c)atrd (d) Ag:Zn samples.
Figure 5 - TEM and HRTEM images for (a) Pure andAf:Zn samples
Figure 6 - Absorption spectrum obtained through khéelka-Munk equation and
extrapolation of the linear portion of the curves by photon energy for (a) Pure, (b)
Ag, (c) Zn and (d) Ag:Zn samples.
Figure 7 — (a) PL spectra and digital emission pi@phy and (b) CIE diagram for
CawQ, samples.
Figure 8 - (a) Variation of the methylene blue dymcentration (C/g} by the assay
time and (b) your linearization (In CCfor the determination of the photocatalytic
kinetic constant.
Figure 9 - MB dye concentration variation usingvesayers for (a) pure, (b) Ag, (c) Zn
and (d) Ag:Zn samples.
Figure 10 - (a) Reuse cycles and (b) DRX patteter dhe third cycle for Ag, Zn and

Ag:Zn samples.



Sample Pure Ag Zn Ag:Zn

a(A) 5.2439 5.2368 5.2413 5.2404
c(A) 11.3777 11.3797 11.3799 11.3794
Volume (A%) 312.8695 312.0777 312.6198 312.4987

c/a 2.1697 2.1730 21712 2.1715

Rp 0.0892 0.0734 0.0716 0.0743

Chi? 1.884 1.442 1.398 1.346

R(F?) 0.0553 0.0425 0.0380 0.0439

Crystallite size (nm) 27.38 19.89 18.70 16.39
Microstrain 0.0003145 0.0004364 0.0004625 0.000526

% Ag 0 4.13 0 212

% Zn 0 0 4.71 221




Table 2 — Position gxand FWHM for thesl andv2 symmetrical elongation peaks
obtained through the GAUSS adjust.

Sample Pure Ag Zn Ag:Zn

X (cm'l) 909.955 909.699 910.235 910.190
vl

FWHM 13.003 14.247 13.469 13.557

Xc (cm”) 331.015 330.495 330.887 330.866
V2

FWHM 16.168 17.661 17.662 17.672
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Highlights

o

Fast and facile sonochemical synthesis of" Amd ZA* co-doped

CaWQ, nanoparticles.

Increased absorption in the ultraviolet region vadtping.

Determination of doping changes in the crystaline optical properties
of materials.

Change in photoluminescent emission color as dojpgngerformed,

theoretical and practical comparison.
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