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ABSTRACT: Ag,CrO, microcrystals were synthesized by
means of the coprecipitation method without the use of a
surfactant under three different conditions. On the basis of the
theoretical and experimental results, we describe the relationship
among the structural order/disorder effects, morphology, and
photoluminescence of the Ag,CrO, microcrystals. The exper-
imental results were correlated with the theoretical findings for a
deeper understanding of the relationship between the electronic
structure, morphology, and photoluminescence properties. First-
principles computational studies were used to calculate the
geometries of bulk Ag,CrO, and its low-index (001), (011),
(110), (010), (111), and (100) facets based on a slab model. A
good agreement between the experimental and the theoretical
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morphologies was found by varying the ratio of the superficial energy values.

1. INTRODUCTION

Silver chromate, Ag,CrO,, belongs to the important chromate
family of Ag-containing compounds with the formula Ag,MO,
(M = Cr, Mo, W)." Ag,CrO,-based materials have been the
subject of extensive research because of their excellent
applications in different branches of science and technology
such as cathodes for lithium cells and catalysts.'~® In recent
years, different synthetic methods have been used to obtain
Ag,CrO, such as coprecipitation,”'’ hydrothermal,'" micro-
wave hydrothermal,2 reversed micellar,'? sonochemical,6 micro-
emulsion,” and template methods.”” In addition, several
chromites have been prepared using a simple coprecipitation
method.'*"® Very recently, we carried out a combined
experimental and theoretical study to understand the formation
and growth of Ag nanoparticles of Ag,CrO, induced by
electron irradiation using an electron microscope.

It is well known that the controlled synthesis of specific
morphologies of a given material is fundamental to obtain the
required physical and chemical properties and enhance the
performance in practical applications of micro- and nanoma-
terials.'®"” In particular, we propose the combined use of
experimental findings and first-principles calculations to reach a
deeper knowledge of the electronic, structural, and energetic
properties controlling the morphology, as previously reported
by our research group.'®*”** In the field of material research,
molybdenum- and tungsten-based oxides constitute an
important class of compounds that exhibits an interesting
combination of structural, chemical, and spectroscopic proper-
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ties with various functional apglications in different branches of
science and technology.l’zs_3 Within this general framework,
we are engaged in a research project that is concerned with the
synthesis, characterization, and technological applications of a
family of Ag-based complex metal oxides, such as a-
Ag,WO0,,”""" B-Ag;WO,,** p-Ag,M00,,>* and B-AgVO;,” or
Ag-containing salts such as Ag;PO,.”” In particular, a
relationship between the morphology and the properties such
as facet-dependent photocatalytic and antibacterial properties in
a-Ag;WO, crystals is found.” We rationalized the morpho-
logical, structural, and optical properties of f-Ag,MoO,
microcrystals” and found a relationship between the photo-
luminescence and the photocatalytic properties of Ag;PO,
microcrystals.”” In these papers, one can find our method
and it presupposes the ability to calculate the surface energies,
whose values enter into the Wulff construction to obtain the
morphology.

In this work, we present the experimental and theoretical
studies devoted to analyze the effects of different preparation
conditions on the electronic structure, morphology, and
photoluminescence properties of Ag,CrO,. First, we synthe-
sized Ag,CrO, samples by varying parameters such as the
velocity of addition and presence/absence of ultrasonic
irradiation using the coprecipitation method. Structural,
morphological, and optical characterization was carried out
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using experimental techniques such as X-ray diffraction (XRD)
with Rietveld analysis, micro-Raman (MR) spectroscopy, field-
emission scanning electron microscopy (FE-SEM), ultraviolet—
visible (UV—vis) diffuse reflectance spectroscopy, and photo-
luminescence (PL). Subsequently, we observed the effects of
the different preparation conditions on the structural order/
disorder effects at long and short range and on the morphology.

The paper is organized as follows: the experimental
procedure is presented in section 2, the theoretical procedure
is presented in section 3, and section 4 is focused on the
discussion of the results on the structural, morphological, and
optical properties. Finally, the conclusions are presented in
section 3.

2. SYNTHESIS AND CHARACTERIZATION

Ag,CrO, microcrystals were synthesized by the coprecipitation
method without the use of any surfactant under three different
conditions. First, 50 mL of distilled water was added to 1 X 107> mol
of Na,CrO,-2H,0 (99.5% pure, Alfa Aesar). This solution remained
under magnetic stirring until it turned completely homogeneous,
transparent, and yellowish. Parallel to this process, 2 X 10~ mol of
AgNO; (99.8% pure, Alfa Aesar) was dissolved in SO mL of distilled
water. When both solutions turned homogeneous, the temperatures of
both solutions were increased to approximately 90 °C. The addition of
the Ag salt solution to the chromate salt solution was carried out
dropwise by rapid injection in the presence or absence of sonication.
In sample 1, the addition rate of AgNOj; into Na,CrO, was 25 mL/s,
whereas, in samples 2 and 3 the addition rate was 10 mL/min. The
difference between samples 2 and 3 was that the latter was sonicated
for 10 min. For ultrasound irradiation of sample 3, the sonicator was
introduced into the chromate salt solution and the irradiation was
performed along with the addition process (see Figure 1). At all

Precursor Precursor

ﬁ Ag(NO), » Ag(NO),
s0°c
Sonicator (full) Sonicator (empty)
Ci under

10 minutes

Figure 1. Schematic representation of the synthetic procedure used to
obtain Ag,CrO, by the addition of silver nitrate into sodium chromate
dropwise in the presence of sonication.

conditions it was possible to observe the formation of a precipitate.
The resulting solutions remained under constant magnetic stirring and
a temperature of about 90 °C for 30 min. Later, they were washed
several times with water and ethanol at 7500 rpm for S min. Finally,
the dark precipitate was dried in a stove at 60 °C for 24 h.
Therefore, the rapid and homogeneous mixing of the two solutions
involved in the coprecipitation process leads to an instantaneous
interaction of chromium and silver clusters. The chromium clusters act
as network formers (covalent strong bond with oxygen), and most
ionic silver clusters are network modifiers. The coprecipitation
processes are usually controlled by a growth mechanism-induced
Ostwald ripening process, resulting in well-defined morphologies, with
a low amount of aggregated particles. On the other hand, a drip
process makes it possible to decrease the random nature, involving
various interactions times, as well as producing nanoparticles of
different sizes and facilitating the formation of aggregates which
changes the final morphology. The presence of vibrational energy in
the drip process facilitates the organization of the clusters in their
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rotational movement and decreases the interactions of particles
providing greater morphological structure.

The samples were structurally characterized by XRD using a DMax/
2500 PC diffractometer (Rigaku) with Cu Ka radiation (4 = 1.5406
A). The data were recorded in the normal routine for 20 values
ranging from 10° to 75° with a scanning velocity of 2°/min and in the
Rietveld routine from 10° to 110° with a scanning velocity of 1°/min,
both with a step of 0.02°. Micro-Raman measurements were recorded
using a Modular Raman Spectrometer (Horiba, Jobin Yvon), model
RMS-550 with Ar laser excitation at 514 nm, and a fiber-microscope
operating at 30—1000 cm™'. The shapes, sizes, and elemental
distributions of the Ag,CrO, microcrystals were observed with field-
emission scanning microscope FE-SEM Inspect FSO model (FEI
Company, Hillsboro, OR) operated at 5 kV. UV—vis spectra were
recorded using a Varian spectrophotometer (model Cary SG) in the
diffuse reflection mode. PL spectra were collected with a Thermal
Jarrel Ash Monospec monochromator and a Hamamatsu R446
Photomultiplier. The 350.7 nm (2.57 eV) exciting wavelength of a
krypton-ion laser (Coherent Innova) was used with a laser output of
200 mW. All measurements were carried out at room temperature.

3. THEORETICAL PROCEDURES AND
COMPUTATIONAL METHODS

First-principles total-energy calculations were performed usin%
the DFT framework as implemented in the VASP program.**
The generalized gradient approximation in the Perdew—
Burke—Ernzerhof formulation for electron exchange and
correlation contributions to the total energy was used to
solve the Kohn—Sham equations.*”** The relaxed systems were
generated by means of the conjugated gradient energy
minimization scheme when the Hellmann—Feynman forces
converged to less than 0.01 eV/A per atom. Projector
augmented wave pseudopotentials were used to describe the
electron—ion interaction.”** The plane-wave expansion was
truncated at a cutoff energy of 460 eV, and the Brillouin zones
were sampled through 6 X 6 X 6 Monkhorst—Pack special k-
point grids to ensure geometric and energetic convergence of
Ag,CrO, structures. Vibrational frequency calculations were
performed at the I' point, and the dynamical matrix was
computed by numerical evaluation of the first derivative of the
analytical atomic gradients.

In order to confirm the convergence of the total energy with
respect to the slab thickness of different surface models, the
surface energy values (Eg,) for several low-index planes were
calculated using a 6 X 6 X 1 Monkhorst—Pack special k-points
grid. E, ¢ was defined as the total energy per repeating cell of
the slab (Eg,,) minus the total energy of the perfect crystal per
molecular unit () multiplied by the number of molecular
units of the surface (n), divided by the surface area per
repeating cell on the two sides of the slab as follows: (Eg,, —
nEpur) /24

The equilibrium shape of a crystal is calculated by the classic
Waulff construction, which minimizes the total surface energy at
a fixed volume and provides a simple relationship between the
surface energy E ¢ of the (hkl) plane and its distance ry in the
normal direction from the center of the crystallite. The
equilibrium model of the morphology is derived from the
calculated surface energies**™** verifying the assumption that
the crystal faces with the lowest surface energies control the
crystal morphology and that the stabilization of the surfaces is
based on the atomic configuration of the exposed facets.” In
this context, first-principle calculations were gradually devel-
oped and employed for the study of the crystal morphology.
We presented a model based on the Wulff construction, which
could explicitly predict the morphology evolution in different
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environments,””** providing some insights into the features of

single-crystal facets that are relevant to subsequent techno-
logical applications.

4. RESULTS AND DISCUSSION

4.1. Raman Spectra. Figure 2 shows the experimental
Raman spectra for the three samples (1, 2, and 3) of Ag,CrO,
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Figure 2. Raman scattering spectra of Ag,CrO, in (a) sample 1, (b)
sample 2, and (c) sample 3.

microcrystals. All samples exhibit two strong peaks in the high-
frequency region at 780 and 816 cm™, which are associated
with the symmetric stretching vibrations of Cr—O bond in
[CrO,] clusters, ascribed to the A, mode. Despite the different
preparation conditions, the structural order—disorder at short
range among the samples presented no huge difference since
the active Raman modes were observed in the same frequency

region. However, the peaks are relatively wide, indicating some
structural disorder at short range.”

4.2. FE-SEM Analysis. FE-SEM imaging was carried out in
order to study the effect of the preparation conditions. Figure 3
shows the FE-SEM images of all three samples on the same
scale (S5 ym) to exhibit the difference in the sizes and facets of
Ag,CrO, microcrystals. The results indicated that only the

Figure 3. FE-SEM images of Ag,CrO, microcrystals in (a) sample 1,
(b) sample 2, and (c) sample 3.
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change in the condition of Ag precursor addition into chromate
precursor is capable of changing the morphology.

During the synthesis along the coprecipitation process when
the Ag precursor mixes with different concentrations of CrO,*~
solution, three states can be found: initial, middle, and final
stages. Along the initial stage, there is a high concentration of
CrO,”” in the solution that leads to a higher possibility of quick
Ag,CrO, formation. In the middle stage, the CrO,>~
concentration is lower than in the initial stage and the
formation of Ag,CrO, is more isolated. In the final stage, the
low CrO,*” concentration causes a decrease in the formation of
Ag,CrO,. As soon as the concentration of CrO,*” decreases,
the effective shocks between the particles also decrease, leading
to the formation of smaller particles through the stages.

For sample 1 (Figure 3a), the Ag precursor is added to the
chromate precursor at high velocity and the co-precipitation
process takes place in a completely random way, generating
agglomerates that are less defined and disordered. In this case,
the particles do not get enough time to grow because of the fast
contact between CrO,>” and the Ag precursor (high addition
rate), leading to the formation of small particles with undefined
morphology.

For sample 2, in which the addition rate is lower, the co-
precipitation process still occurs in a random way (less random
than sample 1). However, because of the lower addition rate,
the particles have enough time to grow into small, medium, and
large particles and to form agglomerates when the drip meets
the chromate solution. Due to the more time available, the
particles presented a bigger size.

In sample 3 (Figure 3c), the addition rate was equal to
sample 2. The difference between the samples can be seen by
comparing Figure 3b and 3c. An analysis of the results renders
that in sample 3 smaller particles appear for the same addition
rate. This difference is related to the presence of ultrasound
irradiation. The ultrasonic waves lead to the formation of lower
particles and well-defined facets in the microcrystals. This
occurs because the ultrasonic waves decrease the contact
between the particles and breaks the possible formation of
agglomerates, allowing the particles to organize themselves
without the presence of others. In other words, the formation
of agglomerates is partially neutralized by the ultrasonic waves.
In this case, the time for the particle to grow is the same as
sample 2, but the ultrasonic waves hinder the growth process.
Therefore, the particles are smaller and less aggregated. The
presence of sonication was therefore responsible for the
formation of the faceted particles (more defined morphology)
when compared to the other preparation conditions. Basically,
ultrasound irradiation is related to the formation of well-
organized morphologies.

4.3. XRD Analysis. XRD patterns of Ag,CrO, are illustrated
in Figure 4. All XRD peaks have sharp and well-defined shapes,
which indicates structural order and crystallinity at long range
for all samples. The material presents an orthorhombic
structure with the space group Pnma in agreement with the
Inorganic Crystal Structure Database card no. 16298.°° No
deleterious phases were observed in the XRD data.

The average crystallite diameter (D) of the powders was
determined using the (220), (031), (211), and (002) diffraction
peg%cs of each sample according to the Scherrer equation (eq
1)

B =k X A/D,y X cos 0

(1)
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Figure 4. XRD patterns of Ag,CrO, synthesized by the coprecipitation
method in (a) sample 1, (b) sample 2, and (c) sample 3.

where B is the full width at half-maximum (fwhm), 6 the Bragg
angle, k a constant, and A the wavelength of the Cu Ka
radiation. The average crystallite sizes for sample 1, sample 2,
and sample 3 are 75.88(37), 98.74(77), and 78.81(26) nm,
respectively. More information is collected in Table S1 of the
Supporting Information.

The Ag,CrO, structure can be described by the constituent
clusters, elongated [AgOg] octahedra and distorted off-centered
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[AgO,] and [CrO,] tetrahedra, as the building blocks. The
orthorhombic unit cell (Pnma) of Ag,CrO, contains four
formula units occupying Cr atoms at the tetrahedral sites
belonging to [CrO,] clusters, while Ag atoms are located at the
tetrahedral and octahedral sites which belong to [AgO,] and
[AgOq] clusters, respectively, as depicted in Figure S. The
optimized cell parameters are a = 10.176 A, b = 7.011 A, and ¢
= 5.618 A, which are in agreement with the experimental values
shown in Table 1.

[AgO,]

[AgOsl

Figure S. Schematic representation of the cubic structure of Ag,CrO,
showing [AgO,], [AgO¢], and [CrO,] clusters.

4.4. Theoretical Results. The (001), (010), (100), (011),
(110), (101), and (111) surfaces of Ag,CrO, were modeled by
an unreconstructed slab model using a optimized equilibrium
geometry. To avoid any interaction between surfaces, a vacaum
spacer of 15 A was introduced in the z direction. Slab models
(Figure 6) containing 8, 8, 4, 10, 6, 8, and 10 molecular units
were considered for the (001), (010), (100), (011), (110),
(101), and (111) surfaces, respectively, after some convergence
tests of the system. The respective areas were 71.3, 57.2, 39.4,
91.4, 69.4, 81.5, and 99.5 A It is worth noting that all studied
surfaces are O and Ag terminated, while the (101) surface is O
and Cr terminated. In addition to the atomic configuration of
the exposed facets, the coordination environment has a great
effect on the reactivity and stabilization of the surfaces. The
coordination and distance of the Ag atom, which is more
superficial to the closer O atoms, are shown in Figure 6. It is
worth noting that surfaces with exposed atoms which are
incompletely coordinated usually have a higher reactivity in
photocle;tgygc processes than surfaces with fully coordinated
atoms.” "7

The order of stability of the surfaces is as follows: (001) <
(011) < (110) < (010) < (111) and (100). These results can be
explained in terms of local order (at short distance) taking into
account the vacancies of the O atoms in the superficial Ag
([AgO,] and [AgOg4]) and Cr ([CrO,]) clusters and their
symmetry. In some cases, the disorder can be at a medium
distance (see Table 2).

Wulff's crystal representation of the optimized Ag,CrO, is
depicted in the central part of Figure 7, and the different
morphologies can be obtained assuming different values for the
surface energies of the different facets. Transformations
between the different morphologies are associated with the
relative surface energy value of each surface. This interpretation
has the advantage that all faces grow from the initial Ag,CrO,
crystal (ideal) depending on their surface energy value. Figure 7
illustrates the good agreement between the experimental and
the theoretical morphologies. In addition, the original FE-SEM
images of Ag,CrO, microcrystals are presented in Figure S1 of
the Supporting Information.

The DFT calculations are employed to understand the
mechanism of morphological transformation of micro- and
nanoparticles at the atomic level. It can also help in choosing
the experimental conditions (such as solvent or surfactants) in
order to endorse selective interaction to acquire morphological
control.

4.5. UV-vis Absorption Spectroscopy. The E,,, value
can be obtained by the Kubelka and Munk method™* using eq 2

ahv = C(hv — Eg,)" @)
where « is the linear absorption coeflicient of the material, hv is
the photon energy, C, is a proportionality constant, and n is a
constant associated with different kinds of electronic transitions
(n = 0.5 for a direct allowed, n = 2 for an indirect allowed, n =
1.5 for a direct forbidden, and n = 3 for an indirect forbidden).
According to Xu et al,'” the Ag,CrO, crystals exhibited an
optical absorption spectrum governed by indirect allowed
electronic transitions between the valence and the conduction
bands, which leads us to use n = 2 in eq 2. The Eg,, values
obtained for samples 1, 2, and 3 were, respectively, 1.80, 1.70,
and 1.78 eV, as shown in Figure 8a. Despite the differences in
the preparation conditions of the samples, the optical band gap
energy (Eg,) of Ag,CrO, obtained experimentally for all
samples present no huge difference and is in good agreement
with the literature.”

The calculated indirect band gap value (I'=Z) is 1.37 eV,
while the direct value of the energy gap is 1.50 eV, slightly
lower than the experimentally obtained value. The Brillouin
zone with the path used, the band structure, and the DOS
projected on atoms are presented in Figure 8b. A general
analysis of the DOS shows that the upper part of the valence
band consists of noninteracting Ag 4d and O 2p orbitals and a
high contribution of Cr 3d and Ag Ss orbitals are observed in
the lower part of the conduction band. It should be noted that
the calculated band gap is lower than the experimental values

Table 1. Experimental Geometry Data and Rietveld Refinement Parameters for the Three Samples

sample Ag,CrO, a (A) b (A) c (A)
1 10.065915 7.02457 5.53996
2 10.0667(4) 7.02525 5.54049
3 10.067795 7.02566 5.54123
CIF16298 10.063(11)

V(&Y Riagg (%) 2 (%) Ry, (%) Ry (%) S
391.72 0.0769 2.349 0.0894 0.0641 1.53
391.83 0.0604 2.101 0.0855 0.0583 1.44
391.95 0.1060 1.743 0.0930 0.0675 1.32
391.86
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Coordination=3 7 2.196(3) A

(010) (111)
Ag superficial [~ 2.005A Ag superficial
Coordination=4 2-09415\ Coordination=3 —
2546 A
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011)

Ag superficial

Coordination=4

(110)
2.151‘5 Ag superficial
23114 e 21627
53974 cordination=. 21724
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1.968 A Coordination=2 {2-00 @A
2.098 A

Figure 6. Structure of the (001), (011), (110), (010), (111), and (100) facets based on a slab model. Gray, blue, and red atoms represent Ag, Cr,
and O atoms, respectively. The coordination and distance of the Ag atom, which is more superficial to the closer O atoms, are displayed. The

number of bonds with equal distances is given in parentheses.

Table 2. Vacancies of O Atoms for the More Superficial Ag
([AgO,] and [AgO¢]) and Cr ([CrO,]) Clusters

surface O vacancies disorder

(001) [AgO;-3V], and [CrO;-V]y short distance

(o11) [AgO,2V]4 and [CrO;-V]4 short distance

(110) [AgO,-2V]4 and [CrO,], short distance

(010) [AgO,-2V], and [CrO;-V]y short/medium distance
(111) [AgO;-3V]4 and [CrO,], short distance

(100) [AgO,-2V]4 and [CrO,], short/medium distance

due to the well-known shortcoming of the exchange-correction
functional, in agreement with a recently reported work.>

4.6. Photoluminescence. Figure 9 shows the PL spectra of
Ag,CrO, microcrystals synthesized under sonication. An
analysis of the results renders that there is a structural
order—disorder at the medium range with two broad bands
that can be deconvoluted into six peaks.

PL spectra present a broad band covering the visible
electromagnetic spectrum in the range 350—850 nm, and the
profile of the emission band is typical of a multiphonon and
multilevel process, i.e, a system in which relaxation occurs by
several paths involving the participation of numerous states
within the band gap of the material.***’

The chemical and physical properties of crystals are
determined by the order/disorder of the crystals involving
the bulk and clusters at the surface. The clusters and
interactions between them are determined by the size of the
particles. The interactions between the surfaces and the
environment (solvent, precursors, etc.) can be modulated by

8966

the temperature, microwave, ultrasonic, pressure, etc. The
surfaces are different, not only in the geometry or surface atom
electronic density but also in the electronic structure, bonding,
and excited states (ability to generate electron—hole pairs
(excitons) due to defects), thereby providing different PL
efficiencies. Therefore, the formation of different polyhedra
results in the variation of the electron density. These effects can
result in the production of new levels within the band gap of
the semiconductor and improve the charge separations.

From the present results we confirm that the structural
defects in the Ag,CrO, microcrystal lattice are responsible for
the appearance of intermediate levels between the valence and
the conduction bands, which favor the PL emission properties
at room temperature. Therefore, these crystals have favorable
conditions to promote the process of charge transfer from
distorted clusters of the electronic excited states to undistorted
clusters located in the ground state. This electronic transition
between clusters probably occurs when Ag,CrO, microcrystals
with ordered clusters are able to absorb photons. Upon the
adsorption of a photon with energy equal to or larger than the
band gap of the semiconductor, an electron polaron/hole pair is
generated in the bulk/surface and results in the emission of
photons with lower energy.

An analysis of the results displayed in Figures 7 and 9 points
out that the change in morphology is accompanied by the
change in the PL emission. The change in morphology involves
different crystallographic surfaces and results in different types
of surface electronic structure, featuring different interactions
within short (induction interaction) and medium ranges
(orientation interaction). The orientation interaction is

DOI: 10.1021/acs.inorgchem.6b01452
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Figure 7. Map of morphologies of Ag,CrO, based on Wulff crystal representations. Surface energy is expressed in Joules per square meter.
Experimental FE-SEM images of Ag,CrO, microcrystals of the studied samples are included for comparison.
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Figure 8. (a) UV—vis spectra of Ag,CrO, samples 1, 2, and 3. (b) Calculated band structure and density of states projected on atoms.

associated with the correlation between the rotational motion

of the permanent moments in different complex clusters.

Induction interaction occurs via polarization processes of the

clusters by the permanent moments of other neighboring

clusters. The control of these two types of interactions in the
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variation synthesis and energy leads to a better control of the
semiconductor properties.

Figure 9 shows the PL spectra of Ag,CrO, with broad
emission in the blue region (459 nm) and another emission
band in the red region (780 nm). It is well known that blue and
red emissions arise from the recombination of holes and
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Figure 9. Photoluminescence curve and deconvolution of six peaks of
Ag,CrO, microcrystals in (a) sample 1, (b) sample 2, and (c) sample
3.

electrons due to the defects (order—disorder) in the structure
of Ag,CrO,. The PL spectra show the existence of a binodal
curve that characterizes two types of defects in the structure of
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Ag,CrO,. The most energetic band leads to shallow defects,
which are associated with the order—disorder clusters, and the
other band in the red region is associated with the oxygen
vacancy. The coprecipitation method for sample 1 (Figure 9a)
produces a structure with more defect density of the oxygen
vacancy, while for sample 2 (Figure 9b) a more organized
structure is generated. In addition, in sample 3 (Figure 9c) the
ultrasonic process produces more shallow defects.

Figure 10 shows the formation of three types of clusters,
CrO, (Figure 10a), AgO, (Figure 10b), and AgOg (Figure

Order

(a)
@49
@0

(b) Disorder
3] o C o ®
it e Wl e S )
9 o o 2

Order Disorder

(c)

Figure 10. Cluster formation for (a) [CrO,], (b) [AgO,], and (c)
[AgOg].

10c). Ag ion is more mobile in the clusters AgO, and AgOy
than the Cr ion in CrO, cluster, having different coordinations.
Accordingly, there is a self-polarization due to the defects
generated by the different clusters. Thus, effective charge
separation (electron/hole) requires the presence of a cluster-to-
cluster transfer process of electrons or holes from [AgO,]./
[AgO,]s or [AgO¢l./[AgOgls or [CrO,],/[CrO,]4 This
order/disorder is dependent upon the morphology of
Ag,CrO,. The effects of the order—disorder on the [AgO,],
[AgOq¢], and [CrO,] clusters are evidenced when the distances
and angles are measured for the three samples. The cluster with
more structural disorder among the three samples is [AgO,],
which can also be expressed as [AgO,,,] since there are four
distances in the range 2.28—2.43 A and two distances at 2.94 A.
In addition, the [AgO,,,] cluster has a large variety of angles in
the range 64—142°, and this disparity is higher in sample 1. On
the other hand, [AgO,] and [CrO,] clusters show angles near
to 90° and 109°, respectively. These results agree with the PL
measurements, which show a variation of shallow and deep
defects. According to Figures 7 and 9, there is a higher
concentration of deep defects when the reactants are rapidly
precipitated. On the other hand, the slow running mixture and
vibration provoke the presence of more organized particles,
resulting in a higher concentration of shallow defects.

5. CONCLUSIONS

In this work, Ag,CrO, microcrystals were prepared using the
coprecipitation method without the use of a surfactant under
three different conditions. The XRD patterns of Ag,CrO,
present the orthorhombic structure with well-defined diffrac-
tion peaks, indicating structural order and crystallinity at long
range for all samples, which was confirmed by the Rietveld
refinement data. Micro-Raman measurements showed that
there were no huge differences between the structural order/
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disorder at short range. The UV—vis measurements determined
the E.,, value corresponding to the energy level between the
valence band and the conduction band, in agreement with the
calculated indirect band gap value of 1.37 eV. The main
conclusions of the present work can be summarized as follows:
(i) The preparation methods greatly influence the morphology
of Ag,CrO, crystals. (ii) Analysis of the corresponding FE-SEM
images indicates that as the addition rate of the Ag precursor
decreases, the particles have more time to grow and form bigger
particles. (iii) When the sonication process is performed, it
partially breaks the agglomeration formation, producing smaller
and more faceted particles. (iv) DFT calculations can be used
to understand the mechanism of morphological transformation
of micro- and nanoparticles at the atomic level taking into
account that the coordination environment of the exposed
atoms in the surfaces has a great effect on its reactivity and
stabilization. (v) A relationship among the structural order/
disorder effects, morphology, and photoluminescence of the
Ag,CrO, microcrystals is found.
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