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APRESENTAÇÃO

O livro “Estudos Interdisciplinares nas Ciências Exatas e da Terra e 
Engenharias” de publicação da Atena Editora apresenta em seu primeiro volume 35 
capítulos relacionados temáticas de área multidisciplinar associadas à Educação, 
Agronomia, Arquitetura, Matemática, Geografia, Ciências, Física, Química, Sistemas 
de Informação e Engenharias. 

No âmbito geral, diversas áreas de atuação no mercado necessitam ser 
elucidadas e articuladas de modo a ampliar sua aplicabilidade aos setores 
econômicos e sociais por meio de inovações tecnológicas. Neste volume encontram-
se estudos com temáticas variadas, dentre elas: estratégias regionais de inovação, 
aprendizagem significativa, caracterização fitoquímica de plantas medicinais, gestão 
de riscos, acessibilidade, análises sensoriais e termodinâmicas, redes neurais e 
computacionais, entre outras, visando agregar informações e conhecimentos para a 
sociedade. 

Os agradecimentos do Organizador e da Atena Editora aos estimados autores 
que empenharam-se em desenvolver os trabalhos de qualidade e consistência, 
visando potencializar o progresso da ciência, tecnologia e informação a fim de 
estabelecer estratégias e técnicas para as dificuldades dos diversos cenários 
mundiais. 

Espera-se com esse livro incentivar alunos de redes do ensino básico, graduação 
e pós-graduação, bem como pesquisadores de instituições de ensino, pesquisa e 
extensão ao desenvolvimento estudos de casos e inovações científicas, contribuindo 
então na aprendizagem significativa e desenvolvimento socioeconômico rumo à 
sustentabilidade e avanços tecnológicos.

Cleberton Correia Santos
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INVESTIGAÇÃO ESTRUTURAL, MORFOLÓGICA E 
FOTOCATALÍTICA DE MICROCRISTAIS DE β-(AG2-

2XZNX)MoO4

CAPÍTULO 28
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RESUMO: Neste capítulo de livro, nós relatamos 
sobre a estrutura, morfológia e as propriedades 
fotocatalíticas dos microcristais de molibdato 
de prata e zinco [β-(Ag2-2xZnx)MoO4] com as 
seguintes concentrações (x = 0; 0,01; e 0,02) 
sintetizados pelo método de injeção de íons em 
uma solução quente a 90 ºC em 1 minuto com 
rápido resfriamento por imersão em banho de 
gelo.  Estes microcristais foram caracterizados 
estruturalmente por difração de raios-X (DRX) e 
refinamento Rietveld. O comportamento óptico 
foi investigado por espectroscopia ultravioleta-
visível (UV-Vis) à temperatura ambiente. 
As morfologias foram observadas por meio 
de microscopia eletrônica de varredura por 
emissão de campo (MEVEC). As propriedades 
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fotocatalíticas para degradação do corante Rodamina B foram realizadas empregando 
quatro lâmpadas de UV  (λmax = 254 nm). Os padrões de DRX e refinamento Rietveld 
indicam que todos os microcristais de β-(Ag2-2xZnx)MoO4 apresentam estrutura cúbica 
do tipo espinélio. Os espectros de  UV-Vis indicaram que o aumento da concentração 
molar de Zn promove um ligeiro decrécimo no valor de banda proibida. As imagens 
of FE-SEM mostram uma modificação na forma, bem como o aparecimento de várias 
faces e poros na superfície dos cristais. Finalmente, nós demonstramos que a atividade 
fotocatalítica pode ser aumentada até 120 min com aproximadamente 99,99% para 
a degradação do corante Rodamina B usando os microcristais de β-(Ag2-2xZnx)MoO4 
com (x = 0.01) como fotocatalisador.
PALAVRAS-CHAVE: Microcristais de β-(Ag2-2xZnx)MoO4; Dados de Refinamento 
Rietveld; Banda proibida; Atividade Fotocatalítica
 

TITLE: STRUCTURAL, MORPHOLOGICAL AND PHOTOCATALYTIC 

INVESTIGATION OF β-(AG2-2XZNX)MoO4 MICROCRYSTALS

ABSTRACT: In this chapter of the book, we report about the structure, morphology and 
photocatalytic properties of silver and zinc molybdate [β-(Ag2-2xZnx)MoO4] microcrystals 
with the following concentrations (x = 0, 0.01, and 0.02) synthesized by the ions injection 
method in a hot solution at 90 ºC in 1 minute with fast cooling by immersion in an ice 
bath. These microcrystals were characterized structurally by X-ray diffraction (XRD) and 
Rietveld refinement. The optical behavior was investigated by ultraviolet-visible (UV-
Vis) spectroscopy at room temperature. The morphologies were observed by means of 
field emission scanning electron microscopy (FE-SEM). The photocatalytic properties 
for rhodamine B dye degradation were performed using four UV lamps (λmax = 254 
nm). The XRD patterns and Rietveld refinement patterns indicate that all [β-(Ag2-2xZnx)
MoO4 microcrystals have a spinel-type cubic structure. The UV-Vis spectra indicated 
that the increase in the molar concentration of Zn promotes a slight decrease in the 
band gap value. FE-SEM images show a change in shape as well as the appearance 
of several faces and pores on the surface of the crystals. Finally, we demonstrated that 
the photocatalytic activity can be increased up to 120 min with approximately 99.99% 
for the degradation of the Rhodamine B dye using the β-(Ag2-2xZnx)MoO4 microcrystals 
with (x = 0.01) as a photocatalyst. 
KEYWORDS: β-(Ag2-2xZnx)MoO4 microcrystals; Rietveld Refinement data;  Band gap; 
Photocatalytic Activity

1 | 	INTRODUCTION 

In the past years, crystals and ceramics of silver molybdate (Ag2MoO4) were 
initially prepared by different synthesis methods, such as oxides mixture or solid 
state reaction (WENDA, E., 1990; WENDA, E., 1998; SUTHANTHIRARJ, S.A.; 
PREMCHAND, Y.D., 2004), precipitation with calcination at high temperature (ROCCA, 
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F. et al, 1999), and by crystal growth by the so-called “Czochralski” (BROWN, S.; 
MARSHALL, A.; HIRST, P., 1993). However, all these synthetic methods require 
high temperature, pressure thermodynamics, long processing times, low reaction 
kinetics, and sophisticated equipment with expensive financial costs for the teaching 
and research center. Furthermore, these synthesis methods of obtention of Ag2MoO4 
crystals can induce the formation of deleterious or secondary phases and produce 
powder/crystals of non-homogeneous shape and size.

In recent years, various synthesis methods have been developed and used 
in the preparation of Ag2MoO4 micro- and nanocrystals (KOKULNATHAN, T. et al, 
2019; WU, M. et al, 2018). These preparation methods can overcome the problems 
encountered in older synthetic methods and may also facilitate crystals with pure 
phase, size and controlled form. The different methods of synthesis that have been 
reported in the literature to obtain the Ag2MoO4 crystals are controlled precipitation 
(RAO, K.S.; VAIDYA, V.G., 1975; RICCI, J.E.; LINKE, W.F., 1951) and conventional 
hydrothermal (CH) (CUI, X. et al, 2004; SINGH, D.P. et al, 2012) and microwave-
hydrothermal (MH) (LI, Z.Q.; CHEN, X.T.; XUE, Z.L., 2013). In particular, the CH 
method has been recently used in the preparation of several molybdates with different 
shapes and sizes (LI, L. et al, 2014; TAWDE, D.; SRINIVAS, M.; MURTHY, K.V.R., 
2011; WANG, X.F. et al, 2014). Therefore, the CH and MH methods have received 
a lot of attention from the scientific community due to its numerous advantages 
over the older conventional methods, such as the use of non-toxic solvent to the 
environment (water) and low processing temperatures (≤ 200 ºC ) (TIAN, G.; SUN, 
S., 2011; SCZANCOSKI, J.C. et al, 2008).

According to the literature (LEI, F. et al, 2009; SOMIYA, S.; ROY, R., 2000), the 
CH method is defined with a processing method for obtaining crystalline materials 
from aqueous solution-soluble or dissolved reagents or with the use of mineralizers 
as chemical bases [hydroxide (NaOH) and potassium hydroxide (KOH)] under 
temperature (³ 100 ºC) and pressure (≥ 1.0 atm). Generally, the materials oxide 
obtained by this synthesis method are very fine, crystalline and easily dispersed 
in several solvents (KOMARNENI, S.; ROY, R.; LI, Q.H., 1992). Recently, the CH 
method has been reported in the literature (CUI, X. et al, 2004) for the preparation of 
Ag2MoO4 and Ag2Mo2O7 crystals. However, to obtain these crystals by this method, 
long processing times (12-24 h) were required due to the low reaction kinetics 
(HASHIM, M. et al, 2011).

Recently, (FODJO, E.K. et al, 2013) prepared very fine Ag2MoO4 powders by 
the homogeneous precipitation method at 80 ºC (pH = 8) assisted by HC processing 
for 3 h with possible applications as substrate for Raman scattering improvement. In 
another work, (GOUVEIA, A.F. et al., 2014) performed a theoretical and experimental 
text about the electronic structure and photoluminescent properties of Ag2MoO4 
microcrystals of different sizes and shapes. In addition, (FABBRO, M.T. et al, 2016) 
prepared microcrystals of Ag2MoO4 by the precipitation method with different solvents 
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(water, ethanol and ammonia) and investigated their optical and antifungal properties 
as: broom and flower by HC method at different pH ranges. Very recently, (NG, 
C.H.B.; FAN, W.Y., 2017) have prepared β‐Ag2MoO4 concave and convex crystals 
with high‐index facets by the controlled precipitation between AgNO3 and Na2MoO4 
in aqueousmedia.

In addition, the literature has reported (LI, Z.Q.; CHEN, X.T.; XUE, Z.L., 2013; 
CUTRONI, M. et al. 1998; MANDANICI, A. et al, 2009; JUAREZ, J.C.; MORALES, R., 
2008; BAI, Y.Y.; LU, Y.; LIU, J.K. J., 2016; LIU, E. et al, 2013), thermal expansion, ionic 
conductivity and electrical properties of the system (AgI-Ag2MoO4), investigations on 
the coefficient of friction and reduction mechanisms of Ag2MoO4 to obtain Ag and 
Mo with hydrogen gas, on the photocatalytic activity of the Ag-Ag2MoO4 and Ag @ 
Ag2MoO4-AgBr crystals for degradation of organic dyes rhodamine B, bromophenol 
blue and starch 10B using visible light and also with synergistic lubricating action.

In relation to the modification of the A-site in the Ag2MoO4 crystals, one work in 
the literature has been found to dope with 1% of rare-earth (Eu3+) ions (GUPTA, S.K. 
et al, 2015). However, very recently (COIMBRA, D.W.R. et al, 2019) has reported 
in the literature the modification the A-site of β-Ag2MoO4 microcrystals with the Zn2+ 
ions and investigating their structure, morphology and photocatalytic properties 
for degradation of Remazol Brilliant Violet 5R (RBV5R) anionic dye, which were 
synthesized by the sonochemical method at 30 ºC for 3 h.

In relation to the crystalline structure, the molybdates (AMoO4; A2+ = Ca, Sr, Ba, 
and Pb) has a scheelite-type tetragonal structure and characterized by presenting a 
space group (I41/a) (RYU, J.H. et al, 2005; GONG, Q. et al, 2006; MARQUES, A.P.A. 
et al, 2006; BI, J. et al, 2009; WANG, W.S. et al, 2009). Meanwhile, the molybdates 
(AMoO4; A2+ = Mn, Fe, Co, Ni, Cu e Zn) formed by transition elements (d-block) exhibit 
a wolframite-type tetragonal structure with space group (P2/c) or a triclinic structure 
with phase alpha (a) and space group (P) (ABRAHAMS, S.C.; REDDY, J.M., 1965; 
YADAVA, Y.P.; SINGH, R.A., 1986; SMITH, G.W.; IBERS, J.A., 1965; THÉODET, M. et 
al, 2016; SMITH, G.W.; IBERS, J.A., 1965; SOUZA, E.L.S. et al, 2014; CAVALCANTE, 
L.S. et al, 2013). Therefore, both scheelite and wolframite types obey a general 
chemical formula (AMoO4), since they are composed of bivalent (A2+) cations and 
molybdate (MoO4

2-) complex ions in aqueous solution. The scheelite-type tetragonal 
structure is formed by following clusters coordination, the A2+ are deltahedral [AO8] 
clusters and Mo are tetrahedral [MoO4] clusters, while the wolframite-type tetragonal 
structure is formed by octahedral [AO6] clusters and octahedral [MoO6] clusters both 
as a solid solution, respectively. However, the Ag2MoO4 crystal may be formed in 
aqueous solution from monovalent cations silver ions (Ag+). Thus, 2 moles of Ag+ ions 
is required for 1 mol of  complex ions, which must be presents in aqueous solution to 
form the solid phase of this crystal.

The Ag2MoO4 crystals presents two types of electronic structure, depending 
on the pressure conditions under which the crystal is subjected (ARORA, A.K. 
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et al, 2012).At room temperature, Ag2MoO4 crystal exhibits a beta-phase (β) is 
related to spinel-type cubic structure, which is more stable in nature over ambient 
conditions. However, when subjected to high hydrostatic pressures, these crystals 
have a tetragonal structure associated with the alpha (α) phase that is metastable. 
Therefore, there may be two types of crystals one stable β-Ag2MoO4 phase and 
another α-Ag2MoO4 metastable (BELTRÁN, A. et al, 2014). Recently, the literature 
(NG, C.H.B.; FAN, W.Y., 2015) has reported the formation of metastable α-Ag2MoO4

crystals by the solution phase precipitation method under environmental conditions 
using different amounts of the [3-bis (2-pyridyl) pyrazine] dopant. In addition to this 
work, Moura et al. Investigated that a fi rst-order phase transition with an increase in 
temperature around 268 ºC of the cubic structure related to phase-β to an unknown 
structure can occur (MOURA, J.V.B. et al, 2016).

Figure 1 illustrates the schematic representation of our unit cell for spinel-type 
cubic structure of the β-Ag2MoO4 microcrystal prepared by method of ion injection in 
a hot solution at 90 ° C in 1 minute with fast cooling by immersion in an ice bath and 
modeled from the structural refi nement data by the Rietveld method reported in the 
literature (CUNHA, F.S. et al, 2015).

Figure 1: Schematic representation of the unit cell of the β-Ag2MoO4 crystals with their 
respective cluster coordination.

The unit cell for the β-Ag2MoO4 crystals shown in Figure 1 can be modeled using the 
VESTA program version 3.4.6 for Windows-7 (MOMMA, K.; IZUMI, F., 2008; MOMMA, 
K.; IZUMI, F., 2011) using the lattice parameter data and atomic positions obtained from 
the Rietveld method (RIETVELD, H.M., 1967; RIETVELD, H.M., 1969). The β-Ag2MoO4 

crystals have a cubic structure with a space group ( ), with symmetry point group 
( ) and eight molecules per unit cell (Z = 8) (WYCKOFF, R.W.G. J., 1922). In this cell 
the O-Ag-O and O-Mo-O bonds were designed out of unit cell. It can be observed in 
Figure 1 that all the molybdenum atoms (Mo) are coordinated to four oxygen atoms 
forming distorted tetrahedral [MoO4] clusters. These polyhedra have a tetrahedral 
confi guration with symmetry point group (Td) formed by (4 vertices, 4 faces, and 6 
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edges), while all the silver atoms (Ag) are coordinated by six oxygen atoms forming 
distorted octahedral [AgO6] clusters. These octahedral polyhedra have a symmetry 
point group (Oh) formed by (6 vertices, 8 faces, and 12 edges). All octahedral [AgO6] 
clusters are distorted into the crystal lattice promotion the break of high symmetry at 
β-Ag2MoO4 cubic structure. All octahedral [AgO6] clusters are distorted into the crystal 
lattice promotion the breaking of high symmetry for β-Ag2MoO4 cubic structure. These 
differences in the (O-Ag-O) and/or (O-Mo-O) bonding angles may lead to different 
levels of order-structural disorder or distortions in the lattice of this crystal.

In general, the literature has focused their works and investigations for the 
photocatalytic properties of pure and/or modified β-Ag2MoO4 crystals with the addition 
of other photocatalytic compounds (oxides and graphene) in the visible region. 
Therefore, the present book chapter has as the main objective synthesize the pure 
and modified [β-(Ag2-2xZnx)MoO4] microcrystals with the following concentrations (x = 
0, 0.01, and 0.02) by a new method of synthesis. These crystals were synthesized 
by the ions injection method in a hot solution at 90 ºC in 1 minute with fast cooling 
by immersion in an ice bath. Moreover, all the microcrystals were structurally 
characterized by means of X-ray diffraction (XRD) and Rietveld refinement analyses. 
The optical behavior was investigated by ultraviolet-visible (UV-Vis) spectroscopy 
at room temperature. The shape and average crystal sized were observed by field 
emission electron microscopy (FE-SEM). Finally, the photocatalytic activity properties 
for degradation of rhodamine B (RhB) and methylene blue dyes were performed by 
using four UV lamps (18 W each).

2 | 	EXPERIMENTAL PROCEDURE

2.1	Synthesis Method

The experimental procedure of synthesize the pure and modified [β-(Ag2-2xZnx)
MoO4] microcrystals with the following concentrations (x = 0, 0.01, and 0.02) by 
the ion injection method in a hot solution at 90 ºC in 1 minute with fast cooling by 
immersion in an ice bath. In the first step, 1×10-3 moles of sodium molybdate dihydrate 
(Na2MoO4.2H2O; 99.5% purity; Sigma-Aldrich®) was dissolved in deionized in 50 mL 
of deionized water at 90 ºC. In the second step, 1×10-3 moles of silver nitrate (AgNO3; 
99.0% purity, Sigma–Aldrich®) for obtain the pure β-Ag2MoO4 microcrystals. In the 
third step, the modified [β-(Ag2-2xZnx)MoO4] microcrystals with (x = 0.01, and 0.02) or 
x.mols(%) of zinc nitrate hexahydrate (Zn(NO3)2.6H2O; 99.0% purity, Sigma–Aldrich) 
were dissolved separately in deionized water. In following, both the aqueous solution 
containing the x.Ag+ and x.Zn2+ ions were mixed in a plate at 90 ºC under stirring at 
380 rotations per minute (RPM). In the fourth step, the x.Ag+ and x.Zn2+ ions were 
sucked for the interior of a syringe and rapidly injected to the molybdate (MoO2-

4) 
complex ions in aqueous solution. Finally, this white suspension this system was 
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immediately transferred to a plastic becker containing 100 mL deionized water with 
cubes ice, which later it was taken to the refrigerator staying in this one during 24 
hours. After this time in the refrigerator, a precipitate of beige coloration was obtained 
in suspension. After 10 cycles of washes in an Eppendorf® centrifuge (model 5804) 
at 8,000 RPM for 10 min, in each cycle. Finally, the precipitates were dried at 65 ° C 
for 10 hours in a muffle furnace (model EDG3000/3P) with a heating rate of 5 ºC/min. 
These procedures were performed for all four concentrations.

2.2	Characterizations

The structural analysis of [β-(Ag2-2xZnx)MoO4] microcrystals with the following 
concentrations (x = 0, 0.01, and 0.02) was performed by means of XRD patterns 
and Rietveld refinement analysis by using a D/Max-2500PC diffractometer (Rigaku, 
Japan) with CuKα radiation. These data were collected over 2θ ranging from 10° to 
80° in normal routine and over 2θ ranging from 10° to 110° in Rietveld routine both 
with a scanning scan rate and step size of 0.2°/min and 0.02°, respectively. The 
shapes and sizes of these  [β-(Ag2-2xZnx)MoO4] microcrystals were observed using 
a Supra 35-VP field-emission scanning electron microscope (FE-SEM) (Carl Zeiss, 
Germany) operated at 5 kV. UV-Vis spectroscopy was performed using a Shimadzu® 
spectrophotometer (model UV-2600, Japan) in the 200-800 nm wavelength range to 
obtain diffuse reflectance spectra.

2.3	Photocatalytic Activity Measurements

The photocatalytic (PC) activity of these β-(Ag2-2xZnx)MoO4 microcrystals 
for degradation of [9-(2-carboxyphenyl)-6-diethylamino-3-xanthenylidene]-
diethylammonium chloride, which is known as tetraethylated rhodamine or Rhodamine 
B dye (RhB; C28H31ClN2O3, 95% purity, Sigma–Aldrich®, USA) with colour index 
number (CI. 45170) inaqueous solution were tested under UV-light. 50 mg of β–(Ag2-

2xZnx)MoO4 microcrystals with different (x = 0; 0.01; and 0.02) as a catalyst were 
placed in 250 mL beakers, and 50 mL of the RhB dye solution (1×10-5 mol.L-1; pH = 
6.25). The suspensions were ultrasonicated initially for 30 min in an ultrasonic cleaner 
(1510 DTH Branson®, CPX1800H model, USA) with a frequency of 40 kHz before 
illumination and then stored in the dark for 2 min to allow the saturated absorption 
of RhB dye solutions onto the catalyst. The beakers were then placed in a photo-
reactor at 25 ºC, kept inside the ultrasound bath switched on and illuminated by four 
UV-C lamps (Moran Ligth® model, USA) with power of 18 W each, the luminosity 
of 145 lumens, beam angle at 320º and maximum intensity at 254 nm the source 
with the distance about 45 cm of the surface dye solution. At ten-minute intervals, 
a 3 mL aliquot was removed and centrifuged at 8,500 rpm for 10 min to remove the 
nanocrystals from the suspension. The following equation (1) was used to calculate 
the colour removal efficiency of RhB dye:
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  (1)

where, C0 is the concentration of RhB dye solution at initial and Ct is the 
concentration of the RhB dye solution at the time t, respectively. 

Finally, variations in the absorption band maximum of the supernatant 
solutions were monitored by means of UV-Vis spectroscopy using a double-beam 
spectrophotometer with a double monochromator and a photomultiplier tube detector 
of Shimadzu Scientifi c Instruments (UV-2600 model, Japan).

3 |  RESULTS AND DISCUSSION

3.1 XRD Patterns Analysis

The Fig. 2(a-c) illustrates the XRD patterns of β-(Ag2-2xZnx)MoO4 microcrystals 
with (x = 0; 0.01; and 0.02) prepared by the ions injection method in a hot solution at 
90 ºC in 1 minute with fast cooling by immersion in an ice bath, respectively.

Fig. 2: Normalized XRD patterns of β-(Ag2-2xZnx)MoO4 microcrystals with (a) x = 0; (b) x = 0.01; 
and (c) x = 0.02; synthesized by the ions injection method at 90 ºC for 1 min, respectively.. The 

vertical lines (|) indicate the respective positions and intensities found in COD-CIF card No. 
722296 corresponding to the cubic β-Ag2MoO4 phase.

According to the literature (FIGUEIREDO, A.T. et al, 2006), the degree of 
structural order-disorder at long-range or the periodicity of crystalline lattice for β-(Ag2-

2xZnx)MoO4 microcrystals with different (x) amount in moles of Zn atoms at the A-site 
replacing Ag atoms was verifi ed by the XRD technique (COIMBRA, D.W.R. et al, 2019). 
As it can be observed in XRD patterns displayed in Fig. 2(a–c), all our microcrystals 
present XRD peaks sharp and well-defi ned, in this way it’s possible attributed to a 
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good degree of structural order at long-range. All our XRD patterns can be indexed 
exactly to a spinel-type cubic structure with space group (Fd3m) and with symmetry 
point group (O7

h) (SUDARSHAN, S.S. et al, 2019). Moreover, any diffraction peaks 
related  to silver oxide (Ag2O) or reduced silver (Ag0) nanoparticles  were detected 
(WANG, P. et al, 2009). We can clearly observe that all XRD peaks can be indexed 
and purchased with results reported in Crystallography Open Database (COD) and 
crystallographic information file (CIF) base No. 722296 (WANG, X.F. et al, 2014) and 
recentes papers reported in the literature (XUE, Y.N. et al, 2019; JIAO, Z. et al, 2019). 
To confirm whether the qualitative data observed by means of XRD measurements 
are very significant. Therefore, we have carried out the structural refinement by the 
Rietveld method (CUNHA, F.S. et al, 2015) for our β-(Ag2-2xZnx)MoO4 microcrystals 
with (x = 0; 0.01; and 0.02).

It is well known and established in the literature that the quality of a structural 
refinement also can be verified by the value of Rw values, that is very important. 
Its absolute value does not depend on the absolute value of the intensities, but it 
depends on the background. With a high background is more easy to reach very 
low values. Increasing the number of peaks (sharp peaks) is more difficult to get a 
good value. As can be observed in Fig. 2(a-c), the replacement of Ag+ by Zn2+ ions 
into the pure β-Ag2MoO4 cubic lattice promoted a small displacement of all diffraction 
peaks to low 2θ angles. According to Bragg’s law (nλ = 2dsinθ), this displacement 
occurs when there is a change in the lattice parameters (NOGUEIRA, I.C. et al, 
2013). The behavior is promoted by the replacement of Ag+ (ionic radius of 145 pm) 
by Zn2+ (ionic radius of 74 pm), reducing the unit cell volume. In addition, more details 
quantitative about XRD patterns can be verified in the following 3.2 section from 
Rietveld refinement data. 

3.2	Rietveld refinement analyses

Our structural refinements using the Rietveld refinement method (RIETVELD, 
H.M., 1967) confirmed that all β-(Ag2-2xZnx)MoO4 microcrystals with (x = 0; 0.01; and 
0.02) have a spinel-type cubic structure without deleterious or secondary phases, as 
illustrated in Figs. 3(a–c), respectively.
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Fig. 3: Rietveld refinement plot of β-(Ag2-2xZnx)MoO4 microcrystals with (a) x = 0; (b) x = 0.01; 
and (c) x = 0.02; synthesized by the ions injection method at 90 ºC for 1 min, respectively.

The experimental lattice parameters, unit cell volume and atomic positions of 
β–(Ag2-2xZnx)MoO4 microcrystals with (x = 0; 0.01; and 0.02) obtained experimentally 
by new synthesis method were calculated using the Rietveld refinement method 
(CUNHA, F.S. et al, 2015), using the ReX software new version 0.9.0 (BORTOLOTTI, 
M.; LUTTEROTTI, L.; LONARDELLI, I., 2009; BORTOLOTTI, M.; LONARDELLI, I., 
2013), as displayed in Figs. 3(a-c). The Rietveld method is based on the construction 
of diffraction patterns calculated according to the structural model (WANG, X.; LIAO, 
L., 2017). The calculated patterns are adjusted to fit the observed patterns and 
thus provide the structural parameters of the material and the diffraction profile. In 
this work, the Rietveld method was applied to adjust the atomic positions, lattice 
parameters, and unit cell volume. The structural refinement was performed indicated 
the presence of strain lattice and stress (FINGER, L.W.; COX, D.E.; JEPHCOAT, 
A.P., 1994. The structural refinement quality is generally checked using the R values 
(Rp, Rexp, Rwp), x2, and GoF (Goodness of Fit) (TOBY, B.H., 2006). The difference 
between the observed and calculated patterns is the best way to judge the success 
of the Rietveld refinement. However, other parameters with additional functions 
were applied to find a structural refinement with better quality and reliability. As a 
general rule, the use of ReX software new version 0.9.0 for a the best Refinement 
of our samples were performed with the automatic optimization works only a few 
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parameters are enabled at a time, as trying to optimize too many parameters at once 
may lead to instabilities in the optimization algorithm and/or location of false minima. 
This particularly holds for chemical, physical, and atomic properties which have non 
linear effects on the diffraction model, as atom coordinates and displacement factors. 
Therefore, the optimized parameters were the scalar factor, 2θ offsets, sample 
position, background function with Chebyshev polynomial coeffients (C0, C1, C2, and 
C3), adjusting the diffraction peaks shape with pseudo-Voigt function, a effective 
correction of powder diffraction peak due to axial divergence, basic phase, crystal 
structure, cell parameters (a, b, c), angles (ɑ, β, γ), lattice strain, and Uisotropic factor 
(BISH, D.L.; POST, J.E., 1993). All the structural refinement results obtained using 
the Rietveld method (BORTOLOTTI, M.; LUTTEROTTI, L.; LONARDELLI, I., 2009; 
BORTOLOTTI, M.; LONARDELLI, I., 2013) were quite consistent with COD-CIF card 
No. 722296 (WANG, X.F. et al, 2014). However, the lower angle region where the 
most intense peaks are located revealed a major difference. Finally, all refinements 
illustrated in Figs. 3(a–c) indicate a reasonable correlation between observed and 
calculated XRD patterns (YObs – YCalc lines), which proves and reinforces the reliability 
of the experimental results. More details on these obtained data to β-(Ag2-2xZnx)MoO4 

microcrystals with (x = 0; 0.01; and 0.02) prepared by the ions injection method in 
a hot solution at 90 ºC in 1 minute with fast cooling by immersion in an ice bath is 
shown in Table 1(a–c) below:

(a)Atoms Wyckoff Site S.O.F x y z Uiso

Ag 16d .-3m 1 0.5 0.5 0.5 0.034520
Mo 8a -43m 1 0.125 0.125 0.125 0.029516
O 32e .3m 1 0.234836 0.234751 0.235789 0.033757

(a) a = b = c = 9.31957(9) Å, V = 809.12(1)Å3; α = β = γ = 90°, r = 6.17 g/cm³; m/r = 164.58 = cm²/g

Rp (%) = 8.1413, Rwp (%) = 10.1763, Rexp(%) = 3.5866, χ2 = 8.0485 and GoF = 2.837

(b)Atoms Wyckoff Site S.O.F x y z Uiso

Ag 16d .-3m 0.979 0.5 0.5 0.5 0.030963
Zn 16d .-3m 0.021 0.5 0.5 0.5 0.029310
Mo 8a -43m 1 0.125 0.125 0.125 0.028068
O 32e .3m 1 0.234823 0.234823 0.234823 0.034939

(b) a = b = c = 9.31750(1) Å, V = 808.94(1)Å3; α = β = γ = 90°, r = 6.11 g/cm³; m/r = 162.65 = cm²/g

Rp (%) = 7.0792, Rwp (%) = 9.3312, Rexp(%) = 3.9334, χ2 = 5.62781 and GoF = 2.3723

(c)Atoms Wyckoff Site S.O.F x y z Uiso

Ag 16d .-3m 0.968 0.5 0.5 0.5 0.041442
Zn 16d .-3m 0.032 0.5 0.5 0.5 0.038915
Mo 8a -43m 1 0.125 0.125 0.125 0.014974
O 32e .3m 1 0.237408 0.237408 0.237408 0.027793

(c) a = b = c = 9.31757(7) Å, V = 808.94(8)Å3; α = β = γ = 90°, r = 6.11 g/cm³; m/r = 162.65 = cm²/g

Rp (%) = 0,089241, Rwp (%) = 10.6447, Rexp(%) = 3.6857, χ2 = 8,34112 and GoF = 2.8881

Table 1: Data obtained from Rietveld refinements for β-(Ag2-2xZnx)MoO4 microcrystals with (a) x 
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= 0; (b) x = 0.01; and (c) x = 0.02; synthesized by the ions injection method at 90 ºC for 1 min, 
respectively.

In these tables, fit parameters (Rp, Rexp, Rwp, c
2, and GoF) suggest that refinement 

results are very reliable and consistent with a spinel-type cubic structure. Morever, we 
can also notice a slight reduction in the value of the lattice parameters and unit cell 
volume, which is promoted by replacement of Ag+ by Zn2+ ions into the cubic lattice. 
These Rietveld data are considerable variations in the atomic positions related to the 
O atoms, while Ag, Zn, and Mo atoms remain fixed in their positions within the cubic 
structure. This information indicates the existence of distorted octahedral [AgO6]/
[ZnO6] clusters and undistorted tetrahedral [MoO4] clusters to the β–(Ag2-2xZnx)MoO4 

structure with (x = 0; 0.01; and 0.02), which arise with different levels of defects and 
strain lattice.

3.3	Unit Cell Representation Of β-(Ag1.96Zn0.02)MoO4 Crystals

Fig. 4 shows the schematic representation for the unit cell of β–(Ag2-2xZnx)MoO4 
microcrystals with (x = 0.02).

Fig 4: Schematic representation of the unit cell of the β-(Ag2-2xZnx)MoO4 crystals (x = 0.02) with 
their respective cluster coordination.

The lattice parameters and atomic positions estimated by means of Rietveld 
refinements data have been employed to model these structure with the Visualization 
for Electronic and Structural Analysis (VESTA) program (new version 3.4.6 for 
Windows-7) (MOMMA, K.; IZUMI, F., 2008; MOMMA, K.; IZUMI, F.,2011). The spinel-
type cubic structure of modifired β-(Ag1.96Zn0.02)MoO4 crystals is symmylar to pure 
β-Ag2MoO4 crystals, which is characterized by the space group (Fd3m) with eight 
molecular formulae per unit cell (Z = 8) (DONOHUE, J.; SHAND, W., 1947). In these 
structures, the Ag atoms are coordinated to six O atoms forming distorted octahedral 
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[AgO6] clusters with two different bonding angles between (O–Ag–O) in the horizontal 
plane (x, y) of the center of the octahedron. Meanwhile, the Mo atoms are coordinated 
to four O atoms, which result in undistorted tetrahedral [MoO4] clusters with same 
bonding angles between (O–Mo–O) (Fig. 4). In principle, our Rietveld refinement 
data exhibited especially the anisotropic displacement parameters (Uiso factor), which 
are presented previously in Table 1(a-c). As it can be observed clearly in Fig. 1 and 
Fig. 4.

In addition, our the  modified β-(Ag1.96Zn0.02)MoO4 crystals, although they 
were synthesized stoichiometrically and obeying an electronic balance of load 
compensation, we have noted that the replacement of Ag+ by Zn2+ ions promote 
a high strain and lattice distortion throughout the crystalline structure, as well as 
chemical bonds and bonding angles, present different promoting great distortions 
on octahedral [AgO6] and [ZnO6] clusters. Therefore, despite a small percentage of 
substitution, we have a considerable difference between the electron density of Ag+ 
ions (46 electrons) in relation to Zn2+ ions (28 electrons), which contributes to a slight 
retraction in the cell volume as well as a complete distortion in the crystalline lattice, 
which is composed by the interconnected [AgO6]–[ZnO6]–[MoO4] clusters. Finally, in 
Fig. 1 and Fig. 4, we have noticed that the O−Ag−O bond angles were modified from 
84.2087º/95.7913º to 84.6536º/95.3464º, while the O−Mo−O binding angles remain 
practically the same.

3.4	Field Emission Scanning Electron Microscope Analysis Of β-(Ag2-2Xznx)MoO4 

Crystals

Figs. 5(a–f) illustrate FE-SEM images of β-(Ag2-2xZnx)MoO4 microcrystals with   
(x = 0; 0.01; and 0.02) prepared by the ions injection method in a hot solution at 90 
ºC in 1 minute with fast cooling by immersion in an ice bath, respectively.
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Fig. 5: FE-SEM images of β–(Ag2-2xZnx)MoO4 microcrystals with (a) x = 0; (b) x = 0.01; (c) x = 
0.02, and (d) x = 0.04, prepared by the ions injection method, respectively.

As can be seen in Figs. 5 (a,b) it was not possible to obtain a perfect control in 
the morphology or shape of our pure β-Ag2MoO4 crystals. Based on our laboratory 
experience using deionized water as a solvent. We attribute this inhomogeneous 
morphology to the high differences in electron density between the Ag+  and MoO2-

4 
complexes ions due to a strong electrostatic attraction between these ions, which 
results in the formation of the first precipitates of β-Ag2MoO4 or nucleation seeds. In 
our synthesis method, the fast ions injection method in a hot solution at 90 ºC in 1 
minute is able to promote localized superheating in the aqueous solution, as well as 
accelerate solid particles at high speeds. These two phenomena induce a random 
aggregation between the small particles, due to the increase of the effective collisions, 
which results in a system composed of several irregular β-Ag2MoO4 microcrystals. 
This behavior can be explained due to the use of fast cooling by immersion in an 
ice bath. In this case, the average crystal size was estimated using the GNU Image 
Manipulation Program (GIMP 2.10.10 version for Windows-7) (GIMP 2019). These 
microcrystals exhibit an average size of about 2.8 mm, with a range from 2.1 mm to 
3.7 mm. Moreover, some small β-Ag2MoO4 crystals also are observed found, which 
presents a range from 250 nm to 500 nm. However, it is noted in Figs. 5(c,d), that 
the effect of (x = 0.01) Zn2+ ions is sufficiently able to promote a large morphological 
modification in pure β–Ag2MoO4 microcrystals. The first effect is related to a reduction 
in the average crystal size, which is clearly observed and the second effect that is 
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assigned to an increase in the rate of aggregation between the small crystals, which 
its possible visualize by the several porous formed at the crystal surface. Moreover, 
the FE-SEM images analysis of these β–(Ag1.98Zn0.01)MoO4 microcrystals revealed 
an average size at around 2.3 mm, with a range from 1.4 mm to 3.2 mm.

Finally, in Figs. 5(e,f) we can be noted the presence of several pores and 
roughness on the surface of irregular β–(Ag2-2xZnx)MoO4 microcrystals with (x = 
0.02). In this way, we attributed that occurs a mass transport between the several 
nanocrystals in contact. As a consequence of this mechanism, the formation of 
β–(Ag1.96Zn0.02)MoO4 microcrystals with well defi ned shapes is not possible by our 
synthesis methodology employing deionized water as solvent. Despite the polydisperse 
nature, ideal thermodynamic conditions for the anisotropic growth of some few convex 
polyhedral crystals enclosed by high index facets was achieved. The microcrystals 
present an average crystal size of approximately 1.9 mm, with a range from 1.3 mm to 
2.7 mm. Therefore, these observations clearly indicate that a more elaborate control 
of the synthesis conditions, such as temperature, ion concentration, and solvents are 
important parameters in the morphologic control of β–Ag2MoO4 crystals.

3.5 Ultraviolet–Visible Spectroscopy Analyses Of β-(Ag2-2Xznx)MoO4 Crystals

The optical band gap energy (Egap) was calculated using the Kubelka–Munk 
equation (2) (KUBELKA, P.; MUNK-AUSSI, F., 1931), which is based on the 
transformation of diffuse refl ectance measurements and can estimate Egap values 
with good accuracy (MORALES, A.E.; MORA, E.S.; PAL, U., 2007). Particularly, it is 
used in limited cases of infi nitely thick samples. The Kubelka-Munk equation (2) for 
any wavelength is described by:

   (2)

where, F(R∞) is the Kubelka-Munk function or absolute refl ectance of the sample, 
R∞ is the refl ectance, k is the molar absorption coeffi cient and s is the scattering 
coeffi cient. In our case, barium sulfate (BaSO4) was adopted as the standard sample 
in refl ectance measurements: R∞ = Rsample/RBaSO4. In a parabolic band structure, the 
optical band gap and absorption coeffi cient of semiconductor oxides (SMITH, R.A., 
1978) can be calculated using equation (3):

  (3)

where, α is the linear absorption coeffi cient of the material, hν is the photon 
energy, C1 is a proportionality constant, Egap is the optical band gap and n is a constant 
associated with different kinds of electronic transitions (n = 1/2 for direct allowed, n
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= 2 for indirect allowed, n = 3/2 for direct forbidden, and n = 3 for indirect forbidden 
transitions). According to previous theoretical calculations reported by literature 
(PERALES, R.L. et al, 2008; SOUSA, G.S. et al, 2019) to β–Ag2MoO4 microcrystals 
exhibit an optical absorption spectrum governed by indirect electronic transitions. 
This means that after the electronic absorption process, electrons located in minimum 
energy states in the conduction band (CB) are able to go back to maximum energy 
states in the valence band (VB) at different point in the Brillouin zone (GOUVEIA, 
A.F. et al, 2014; SOUSA, G.S. et al, 2019). Based on this information, Egap for the β–
(Ag2-2xZnx)MoO4  microcrystals with (x = 0; 0.01; 0.02 and 0.04) were calculated using 
n = 2 in equation (3). Finally, using the absolute refl ectance function described in 
equation (2) with k = 2α, we obtain the modifi ed Kubelka-Munk equation as indicated 
in equation (4):

  (4)

Therefore, fi nding the F(R∞) value from equation (2) and plotting a graph of [F(R∞)
hν]0.5 against hν, Egap values were calculated for the β–(Ag2-2xZnx)MoO4  microcrystals 
with (x = 0; 0.01; and 0.02) by extrapolating the linear portion of the UV–Vis curves.

Figs. 6(a–c) illustrate the UV–Vis spectra for β–(Ag2-2xZnx)MoO4 microcrystals 
with (x = 0; 0.01; and 0.02) prepared by the ions injection method in a hot solution at 
90 ºC in 1 minute with fast cooling by immersion in an ice bath, respectively.
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Fig. 6: UV–Vis spectra in diffuse reflecante mode of β–(Ag2-2xZnx)MoO4 microcrystals with (a) x 
= 0; (b) x = 0.01; and (c) x = 0.02, synthesized by the ions injection method at 90 ºC for 1 min, 

respectively.

As it can be observed in Figs. 6(a–c), the profile of the UV–Vis spectra for our β–
(Ag2-2xZnx)MoO4 microcrystals with (x = 0; 0.01; and 0.02) indicate an optical behavior 
typical for structurally ordered crystalline materials. The synthesized pure β–Ag2MoO4 

microcrystals at same experimental condictions exhibits a indirect optical band gap 
in the recente literature (FERREIRA, E.A.C. et al, 2019). Moreover, we have noted 
a slight decreasing in the Egap values (from 3.33 to 3.28 eV), with the replacement of 
Ag+ by Zn2+ ions into the cubic lattice. Although the Egap values estimated by UV–Vis 
measurements is considered qualitative and semi-quantitative, the calculated results 
imply that the microcrystals have distinct types and concentrations of structural 
and surface defects, such as oxygen vacancies, distortions on the O–Ag–O bonds 
presents main on octahedral [AgO6] clusters. The these defects or  arise from the 
crystal formation, growth processes, which were affected by the replacement of Ag+ 
by the Zn2+ ions into the cubic lattice. Therefore, these defects due to symmetry break 
are responsible by the lattice polarization, resulting in the presence of intermediary 
energy levels within the band gap (SOUSA, G.S. et al, 2019). In addition, this table 
also shows a comparative between the Egap values obtained in this work with those 
reported in the literature. According to earlier reports (LI, Z.Q.; CHEN, X.T.; XUE, 
Z.L., 2013; SANTANA, Y.V.B. et al, 2014; SILVA, M.D.P. et al, 2016), pure β–Ag2MoO4 

microcrystals, powders, or crystals present a broad experimental optical band gap 
ranging from 3.03 eV to 3.38 eV. As it can be observed in Figs. 6(a-c), we attrubuted 
that these small changes in Egap values can be related to presence of intermediary 
energy levels between the VB and CB, since the exponential optical absorption 
edge and Egap are controlled by the degree of structural order-disorder in the lattice. 
The slight decrease in Egap values can be attributed to structural defects at medium 
range and local bond distortions which yield localized electronic levels within the 
forbidden band gap. A smaller (Egap = 3.23 eV) was detected for β–(Ag1.96Zn0.02)MoO4 
microcrystals synthesized by the ions injection method at 90 ºC for 1 min, which 
suggests a high concentration of defects in the cubic lattice (see Fig 4).

3.6	Photocatalytic Properties Analyses Of β-(Ag2-2Xznx)MoO4 Crystals

Fig. 7(a) displays the photolysis process of the RhB cationic dye solutions, while 
the Figs. 7(c-d) show the PC degradation of RhB dyes by the β-(Ag2-2xZnx)MoO4 

microcrystals acting as photocatalyst with (x = 0; 0.01; and 0.02) monitored by the 
temporal changes in the UV-Vis absorbance spectra of the aqueous dye solutions. 
The Figs. 7(e) displays the absorption percentage of RhB dye under the β-(Ag2-2xZnx)
MoO4 microcrystals with (x = 0; 0.01; and 0.02) (off- UV-light). The degradation rates 
(Cn/C0) of the RhB dyes without and with β-(Ag2-2xZnx)MoO4 catalyst are shown in 
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Figure 7(f) and their the rate constants (k) obtained for the degradation of RhB dyes 
by crystals catalyst, respectively.

    

Fig. 7(a) Evolution of UV-Vis absorption spectra after 120 min of illumination without 
photocatalyst; (b–d) UV-Vis spectra for the photodegradation of RhB dye using β-(Ag2-2xZnx)

MoO4 microcrystals with (x = 0; 0.01; and 0.02). The insets show digital photodegradation photos 
for RhB dye, (e) Adsorption tests in the dark 30 min before at 10-min intervals for all samples 
and (f) First-order kinetics constant without catalyst or (photolysis) and with our β-(Ag2-2xZnx)

MoO4 microcrystals as catalyst.

Fig. 7(a) indicate an insignificant reduction of approximately 4% of the maximum 
absorption spectra for the aqueous solutions of RhB dye after 200 min of photolysis, 
respectively. This behavior indicates a large resistance of the three dyes under UV 
illumination (JÚNIOR, E.A.A. et al, 2017). As it can be observed in Fig. 7(b), we did 
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not observe a significant reduction in the concentration of the RhB solution after 120 
min of photodiscoloration with the our pure b-Ag2MoO4 microcrystals catalyst. Before 
irradiation, the RhB dye, which is an N,N,N′,N′-tetraethylated Rhodamine molecule, 
had one bandwidth a maximum absorption centered at 543 nm. The photodegradation 
of the RhB dye occurs due to an oxidative attack via active oxygen species on an 
N-ethyl group (JÚNIOR, E.A.A. et al, 2017). The band moved toward N,N,N′-tri-
ethylated Rhodamine (λmax = 539 nm), N,N′-di-ethylated Rhodamine (λmax = 522 nm), 
N-ethylated Rhodamine (λmax = 510 nm), and Rhodamine (λmax = 498 nm) species 
(ZHAO, L. et al, 2007). Therefore, we assumed that our pure b-Ag2MoO4 microcrystals 
catalyst does not have active photocatalytic sites or Lewis basic sites effective for the 
discoloration or photodegradation of a high percentage of RhB cationic dye after 120 
min under UV-light with reduction of approximately 22.7% (see Fig. 7(b)). Moreover, 
we confirmed that our β-(Ag2-2xZnx)MoO4 microcrystals with (x = 0.01) is the most 
efficient photocatalyst for the degradation of the MO anionic dye after 120 min under 
UV-light (see Fig. 7(c)). Moreover, our β-(Ag2-2xZnx)MoO4 microcrystals with (x = 
0.02) exibith a satifactionty rate of discoloration or photodegradation of RhB dye. 
This behavior can be expliaed by performed a homogenization of this system, 30 min 
before of starting the PC measurements to reach at adsorption-desorption equilibrium 
(solid-liquid). Thus, we found the adsorption behavior of all our microcrystals, where 
the β–(Ag1.98Zn0.01)MoO4 catalyst microcrystals has a high percentage of adsorption, 
as shown in Fig. 7(e). Finally, the equation(1) is generally used for a photocatalytic 
degradation process if the initial concentration of the organic pollutant is low (1×10-

5 mol.L-1). According to equation (1), a plot of [–ln(Cn/C0)] as a function of t gives a 
straight line where the slope is k (First-order kinetics constant). As it can be noted in Fig. 
7(f), our b–(Ag2-2xZnx)MoO4 photocatalyst microcrystals with (x = 0.01 and 0.04) was 
more effective and efficient for the degradation of RhB cationic dye, than our pure 
b-Ag2MoO4 microcrystals, as shown in (inset Fig. 7(f) the rate constants to our b–
(Ag2-2xZnx)MoO4 photocatalyst microcrystals with (x = 0; 0.01; and 0.02) and in the 
absence of a catalyst only for the photolysis process of RhB dyes are very small 
(k{Photolysis} = 2.98×10-4 min-1), which indicates that there is no significant degradation of 
this organic dyes due to high strength and stability. Moreover, in Fig. 7(f) its possible 
note a very significant improvement in photocatalytic performance for b–(Ag2-2xZnx)
MoO4 microcrystals with (x = 0.01; and 0.02), which we have found that the k{x = 0.01 = 
4.149×10-2 min-1

} value is approximately 139.23 times higher than k{Photolysis*}.

4 | 	CONCLUSION

In summary, in this book chapter, we have successfully obtained for the first 
time in the literature the b–(Ag2-2xZnx)MoO4] microcrystals with (x = 0; 0.01; and 0.02) 
by the ions injection method in a hot solution at 90 ºC in 1 minute with fast cooling by 
immersion in an ice bath. XRD patterns and Rietveld refinement data indicated that 
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all the crystals have a pure phase related to spinel-type cubic structure with the space 
group (Fd3m) and point-group symmetry (O7

h). Rietveld refinement data confirmed the 
presence of distorted octahedral [AgO6]/ [ZnO6] clusters and undistorted tetrahedral 
[MoO4] clusters. FE-SEM images indicated that the replacement of Ag+ by the Zn2+ ions 
promotes a considerable change of shape, growth process and appearance of pores 
on the crystal surfaces. UV-Vis spectra shown a slight differences in Egap values were 
caused by the replacement of Ag+ by the Zn2+ ions, which promotes the formation of 
new intermediary electronic levels and profile governed by indirect allowed electronic 
transitions. These new energetic states originated from the defects electronic related 
to Zn 3d orbitals. Finally, we have found good photocatalytic performance of b–(Ag2-

2xZnx)MoO4 microcrystals to degradation of the RhB cationic dye in up to 120 min 
under UV–light, resulted in the best photocatalytic performances for the b–(Ag2-2xZnx)
MoO4 microcrystals with (x = 0.01), which are can be atributed to defects specific at 
the crystal surface and high catalytic performance of pores.
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