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ABSTRACT: Silver  molybdate  (Ag6Mo10O33)  exhibits  excellent  catalytic
properties  and  photocatalytic  degradation  owing  to  its  unique  chemical  and
structural  characteristics,  but  its  prospective  applications  in  electrochemistry
energy  storage  have  not  received  sufficient  attention.  Herein,  the  Ag6Mo10O33
meso/nanowires  with  superior  morphological  characteristics  are  fabricated
employing a high-efficient microwave irradiation method. Furthermore, the novel
synthesizing mechanism of ultralong Ag6Mo10O33 mesowires is also proved to be
a  “self-assembly-dissolution-recrystallization-Ostwald-ripening”  process,  by
exploring  through  the  parallel  experiments  on  the  dramatic  alterations  in
topology  and  size  of  Ag6Mo10O33  at  continuous  reaction  time.  Additionally,  the
properties of the ultralong uniform Ag6Mo10O33 mesowires for the sodium storage are investigated via cyclic voltammetry,
electrochemical  impedance  spectroscopy  and  galvanostatic  charge–discharge.  Notably,  these  as-obtained  Ag6Mo10O33
mesowires  exhibit  an  outstanding  initial  capacity  (1587.9  mAh·g−1),  a  remarkable  specific  capacity  for  the  second  cycle
(817.9  mAh·g−1),  and  an  excellent  reversible  capacity  (551.5  mAh·g−1  after  30  cycles).  The  superior  electrochemical
properties of the nanoscaled silver molybdate are ascribed to the lower charge transfer resistance due to the microstructure
of the smallest size Ag6Mo10O33 nanosheets that exhibit a thickness of around 5 nm, which can provide a great contact with
the electrolyte, facilitating the rapid diffusion of sodium ions at the electrode/electrolyte interface and the rapid transport of
sodium ions within the electrode materials. Thus, the proposed synthetic strategy and achieved deep insights will stimulate
the development of Ag6Mo10O33 for high-safety and long-life sodium ion batteries.
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1    Introduction
To  accommodate  the  dynamic  advancement  in  energy  storage
systems  and  electric  vehicle  industries,  there  is  an  urgent

requirement  in  rechargeable  batteries  with  high  capacity,
dependable  security  and  superior  cycling  performances  [1−6].
Currently,  sodium-ion  batteries  (SIBs)  have  garnered  extensive
attention  in  energy  storage  due  to  their  advantages,  such  as  high
energy density, high safety, and abundant sodium resources [7−12].
However, the inherently large Na+ radius (1.06 Å) typically leads to
severe  pulverization  of  electrode  materials  and  sluggish  transport
dynamics in SIBs, resulting in the low reversible capacity and rapid
capacity  fade.  Therefore,  the  search  for  advanced  electrode
materials has become urgent [13−17].
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The  anode  materials  for  SIBs  encompass  conversion  reaction
materials  such  as  transition  metal  oxides  [18, 19],  alloy/dealloying
materials  [20, 21],  intercalation  reaction  materials  [22, 23],  and
carbon-based  materials  [24, 25].  Recently,  the  metal  molybdate
oxides, a type of transition metal oxide, have emerged as important
research areas in energy storage, owing to their stable composition,
effective  redox  characteristics,  and  superior  physicochemical  traits
[26, 27]. For example, Babu et al. presented an innovative FeMoO4
anode  material  for  SIBs,  exhibiting  an  exceptional  electrochemical
performance with a specific capacity of 294 mAh·g−1 after 100 cycles
at  a  current  density  of  50  mA·g−1,  and  the  capacity  retention
maintaining  approximately  100%  after  1000  cycles  at  a  current
density  of  0.5  A·g−1 [28].  Using  a  simple  microwave  irradiation
method,  Wang  and  co-workers  created  persimmon-like  CaMoO4
superstructures  anchored  on  scattered  mesocarbon  microbeads
(MCMB)  powders.  The  materials  produced  demonstrated  high
initial  capacity  (991.3  mAh·g−1)  and  high-rate  stability  (84.9%
retention even after 80th cycles) [29]. Among the diverse molybdate,
Ag6Mo10O33 features  a  layered  structure  that  imparts  distinctive
physical and chemical properties, enabling it to exhibit exceptional
efficacy  in  photocatalytic  degradation,  antimicrobial  material
synthesis,  and catalytic  reactions  [30−32].  In  terms of  antibacterial
activity,  Moura  et  al.  synthesized  spinel-type  cubic  structure β-
Ag2MoO4 microcrystals  via  the  standard  hydrothermal  process,
demonstrating  antibacterial  activity.  The  synthesized β-Ag2MoO4
particles  exhibit  clinically  significant  antibacterial  properties  and
augment  the  efficacy  of  certain  drugs  against  multidrug-resistant
strains  of Staphylococcus  aureus and Escherichia  coli [33].
Additionally,  Daniela  has  created  a  controlled  precipitation
technique  to  synthesize  extremely  effective  Ag2MoO4-based
catalysts that can be used in various oxidation processes to degrade
pantoprazole (PAN) in aqueous suspension [34].

However,  research  on  silver  molybdates  in  the  field  of
electrochemical  energy  storage  is  relatively  scarce,  with  scientists
diligently  working  to  uncover  its  energy  storage  potential  and
explore  application  prospects.  In  this  context,  the  manufacture  of
silver  molybdate  electrode  materials  is  particularly  crucial.  An
important  aspect  of  the  research  involves  precisely  controlling  the
morphological characteristics of the materials (including size, shape,
and  surface  structure)  to  optimize  their  electrochemical
performance [35−41]. The impressive electrochemical properties of
these  materials  can  be  attributed  to  their  unique  microstructures,
such  as  nanoscale  dimensions  and  distinctive  layered  pore
architectures, which provide numerous active sites and facilitate ion
diffusion  [42, 43].  Currently,  the  primary  synthesis  methods  for
silver molybdate nanomaterials encompass hydrothermal synthesis
[44, 45],  coprecipitation  [34],  solid-state  reaction  [46],  and
microwave-assisted  technique  [47].  Up  to  now,  advancing
microwave  irradiation  technology  offers  remarkable  prospects  for
meso/nanomaterial  synthesis  via  homogeneous  liquid-phase
fabrication,  boasting  high  efficiency,  speed,  environmental
sustainability,  and  selective  heating  [48−50].  Employing  such
advanced  synthesis  techniques,  the  microstructures  of  silver
molybdate electrode materials can be tailored to optimize their ion
diffusion  pathways  and  enhance  their  energy  storage  capabilities,
thereby paving new ways for the development of high-performance
electrochemical energy storage devices [51].

Herein, this work employs a facile microwave irradiation strategy
to  synthesize  Ag6Mo10O33 mesowires  with  a  mean  length  of
14.71  μm,  composed  of  numerous  nanosheets  with  an  average

thickness  of  only  5  nm.  Specifically,  systematic  investigations  are
carried  out  to  explore  the  impact  of  reaction  conditions  on  the
shape  of  the  products.  The  discovery  of  an  innovative  one-
dimensional growth mechanism in nanomaterials,  known as “self-
assembly-dissolution-recrystallization-Ostwald-ripening” process,
has  been  scientifically  verified.  Additionally,  the  electrochemical
behavior  of  the  ultralong  and  uniform  Ag6Mo10O33 mesowires  in
the Na+ storage was investigated using various techniques. Notably,
the Ag6Mo10O33 mesowires exhibit an outstanding initial capacity of
1587.9 mAh·g−1 at 10 mA·g−1 and an excellent reversible capacity of
551.5 mAh·g−1 after  30 cycles.  The presented research introduces a
novel  avenue  for  developing  advanced  silver  molybdates  electrode
materials for high-capacity and stable energy storage. 

2    Experimental
 

2.1    High-efficient synthesis of electrode materials
The  AgNO3 and  (NH4)6Mo7O24·4H2O  were  purchased  from
Shanghai  Chemical  Reagent  Company  (China)  and  Tianjin  No.  4
Chemical  Reagent  Factory  (China),  respectively.  Distilled  water
used  for  the  chemical  synthesis  and  evaluation  experiments  was
deionized  water  collected  from  UKPRO  ultrapure  water  system
(China).

A series of parallel experiments were carried out to fabricate the
Ag6Mo10O33 meso/nanowires  with diverse  sizes  and morphologies,
through altering the vital fabricating conditions (such as the molar
concentrations  of  raw  materials  and  dwell  time)  as  listed  in  the
Table  S1  in  the  Electronic  Supplementary  Material  (ESM).  All
samples were prepared in a modified microwave irradiation reactor
(Midea PJ21C-AU; power, 700 W; frequency, 2450 MHz) equipped
with  a  water-cooled  condenser  in  the  refluxing  system.  The
synthesis  process  can  be  described  as  follows:  Initially,  0.50–
4.00 mmol AgNO3 and 0.07–0.57 mmol (NH4)6Mo7O24·4H2O were
dissolved  in  separate  10.0  mL  solutions  of  distilled  water  in  the
100  mL  round-bottomed  flask  at  room  temperature.  These
solutions were then mixed and vigorously agitated for 10 min. The
resultant mixture was transferred to a reaction vessel and heated to
100 °C for 2–120 min under microwave irradiation function. After
the  reaction  concludes,  the  precipitates  were  cooled  to  ambient
temperature,  centrifuged  at  9000  rpm  for  30  min,  washed
repeatedly  with  distilled  water,  and  dried  in  an  oven  at  60  °C  for
24 h, yielding the meso/nanoscaled silver molybdate products [52]. 

2.2    Characterization
The  X-ray  diffraction  (XRD)  patterns  of  the  as-synthesized  silver
molybdate  were  obtained  using  a  D/MAX2500PC  (Japan).  Field
emission  scanning  electron  microscopy  (FE-SEM)  images  were
obtained using a  Hitachi  S-4800 (Japan)  at  an acceleration voltage
of 10 kV to ascertain the shape and dimensions of the as-fabricated
samples.  Transmission  electron  microscopy  (TEM)  and  high-
resolution TEM (HRTEM) pictures were obtained using a Hitachi
7820  (Japan).  The  energy-dispersive  X-ray  (EDX)  was  validated
using  Bruker  EDS  QUANTAX  XFlash  6TI30  equipment
(Germany). 

2.3    Electrochemical tests
The electrochemical  measurements were conducted by assembling
coin-type  CR2032  cells  in  an  Ar-filled  glove  box  (MIKROUNA
Universal, China, H2O < 1 ppm, O2 < 1 ppm). The slurry consisted
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of  60  wt.%  Ag6Mo10O33,  30  wt.%  carbon  black  (MMM  Carbon,
Brussels,  Belgium),  and  10  wt.%  polyvinylidene  fluoride  (PVDF).
The  galvanostatic  charge–discharge  (GCD)  curves  were  collected
on a LAND CT2001A Battery Test System (Land, China) at room
temperature  (25 °C)  with a  voltage  range from 0.02 to  3.50 V (vs.
Li/Li+). 

3    Results and discussion
 

3.1    Rapid  fabrication  of  Ag6Mo10O33  meso/nanowire
structures
Figure  1(a) exhibits  the  typical  XRD  pattern  of  the  Ag6Mo10O33
mesowires  (Sample  1)  that  were  treated  under  microwave
irradiation process  with  the  reaction time of  120  min,  the  AgNO3
concentration  of  0.300  mol·L−1 and  the  (NH4)6Mo7O24
concentration  of  0.043  mol·L−1 as  detailed  in  the  Table  S1  in  the
ESM.  The  strong  and  sharp  reflection  peaks  are  assigned  to  the
pure phase of well-crystallized Ag6Mo10O33 (ICDD-JCPDS card No.
72-1689, a = 7.950 Å, b = 8.310 Å, and c = 11.420 Å) [30]. Figure

1(b) affords valuable information regarding the crystalline structure
of  the  material. Figures  1(c)−1(e) show  representative  FE-SEM
images  of  as-fabricated  Ag6Mo10O33 at  various  magnifications,
where bundles of superlong mesowires with a uniform morphology
are  successfully  prepared  under  microwave  irradiation  process  for
120  min. Figure  1(c) provides  an  overall  view  of  the  Ag6Mo10O33
material composed of a large scale of relatively ultralong mesowires
with approximately  290 nm in diameter  (Fig.  S1 in  the ESM) and
14.71  μm in  length  (Fig.  S9(d)  in  the  ESM).  The  SEM pictures  in
Fig.  1(d) illustrate that  these mesowires possess a highly organized
structure  and  exceptionally  smooth  surfaces.  The  more  amplified
FE-SEM image in Fig. 1(e) confirms that these linear structures are
composed  of  ultrathin  nanosheets  measuring  about  5  nm  in
thickness  (Fig.  S4(d)  in  the  ESM).  Furthermore,  TEM
characterization was conducted to confirm the intricate microscale
morphology and crystalline structure of Ag6Mo10O33 mesowires. As
shown in the Fig.  1(f),  the  uniform Ag6Mo10O33 mesowires  with a
regular edge were observed. The HRTEM image shown in Fig. 1(h),
which is an enlargement of the area marked by the yellow square in
Fig. 1(g), reveals that the lattice spacing of Ag6Mo10O33 is 0.422 nm,

 

Figure 1    Structural characterizations of the Ag6Mo10O33 mesowires (Sample 1): (a) representative XRD pattern of Sample 1; (b) crystal structure of Ag6Mo10O33; ((c)–(e))
FE-SEM images of Sample 1; ((f) and (g)) TEM and HRTEM images of an individual Ag6Mo10O33 mesowire; (h) expansion of the region within the yellow square in (g),
and the inset in (h) displays the SAED pattern of Ag6Mo10O33; ((i)–(k)) the elemental mappings of the single Ag6Mo10O33 wire-like product.
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corresponding  to  the  adjacent  (111)  planes  of  Ag6Mo10O33.  The
selected area electron diffraction (SAED) pattern,  illustrated in the
inset  of Fig.  1(h),  is  employed  to  analyze  and  display  the  specific
interplanar  spacing  of  the  (111)  lattice  plane,  which  is  in  a  good
agreement  with  the  HRTEM  image  in Fig.  1(h).  In  addition,  the
elemental  mappings depicted in Figs.  1(i)−1(k) show that Ag,  Mo,
and O elements are evenly distributed in the harvested Ag6Mo10O33
mesowires,  and  no  unexpected  elements  are  detected,  which  fully
confirms the purity of the as-fabricated product via the microwave
irradiation strategy. 

3.2    The  exploration  of  reaction  kinetics  on  Ag6Mo10O33
meso/nanowires
To  thoroughly  explore  the  impact  of  the  reaction  kinetics  on  the
shape  and  dimensions  of  as-obtained  Ag6Mo10O33 products,  the
concentration  of  AgNO3 solution  was  tuned  from  0.050  to
0.400  mol·L−1,  accompanied  by  corresponding  changes  in  the
concentration of (NH4)6Mo7O24 solution. Significant morphological
alterations  in  the  products,  influenced  by  altering  reactant
concentrations,  were  distinctly  identified  through  comprehensive
investigation  of  FE-SEM  images. Figures  2(a)−2(c) depict  the  FE-
SEM  images  of  the  as-obtained  granular  Ag6Mo10O33 aggregate
microstructure  (Sample  2:  0.050  mol·L−1),  characterized  by  a  loose
structure  and  rough  surfaces,  resembling  particles  of  inconsistent
size  and  appearance.  The  more  amplified  FE-SEM  image  in
Fig.  2(b) demonstrates  a  restricted  quantity  of  mesowires  with
diameters  ranging  from  110  to  260  nm  (Fig.  S6(a)  in  the  ESM).
Upon heightened magnification, several nanocones are observed on
these aggregates, measuring around 33 nm in diameter and ranging
from 194 to 305 nm in length (Fig. 2(c) and Figs. S3(a) and S3(b) in
the  ESM).  As  the  reactant  concentration  rises  to  0.200  mol·L−1

(Sample  3),  the  products  evolve  into  monodisperse  Ag6Mo10O33
micro/nanoblocks,  exhibiting  a  width  of  approximately  530  nm
(Fig. S4(b) in the ESM) and lengths between 2.48 and 8.31 μm (Fig.

S6(b) in the ESM), as illustrated in Figs. 2(d) and 2(e). In contrast to
the  Ag6Mo10O33 derived  from  lower  concentrations,  these
micro/nanorods  demonstrate  a  standardized  rod-shape  and
markedly  improved  surface  flatness. Figure  2(f) illustrates  that  the
Ag6Mo10O33 nanorods are constructed by layering nanosheets with
a thickness ranging from 5 to 9 nm (Fig. S4(a) in the ESM). When
the concentration of AgNO3 reached 0.400 mol·L−1 (Sample 4), the
Ag6Mo10O33 mesorods  broke  up  into  uneven  fragments  with  an
average width of 310 nm (Figs. 2(g) and 2(h) and Fig. S6(d) in the
ESM).  High  magnification  inspection  (Fig.  2(i))  reveals  that  the
surface nanosheets measure approximately 11 nm in thickness (Fig.
S5(a)  in  the  ESM).  Compared  with  the  previously  mentioned
parallel  products,  Sample  6  (0.300  mol·L−1)  exhibited  well-defined
mesowire  structures  and  highly  uniform  morphological
characteristics  because  of  the  enhanced  nucleation  rate  and
facilitated  crystalline  orientation  growth  achieved  under  efficient
microwave  irradiation  function  (Fig.  S2  in  the  ESM).  The
Ag6Mo10O33 nanorods  break  into  uniformly  sized  radiating
mesowires,  leading  to  more  prominent  dimensions,  specifically
with a significantly reduced diameter (diameter: 165 nm, Fig. S6(c)
in the ESM), thereby effectively increasing the specific surface area
of  the  material.  In  summary,  the  morphology  and  size  of  the
Ag6Mo10O33 products  exhibit  considerable  sensitivity  to  reactant
concentration,  with  significant  alterations  in  both  form  and
structure.  As  the  concentration  gradually  increases,  the  originally
loosely  structured  aggregates  become  progressively  more  compact
influenced by precipitation kinetics, with their surfaces transitioning
from  rough  to  smooth.  However,  excessively  high  concentrations
significantly  accelerate  the  reaction  rate,  resulting  in  decreased
crystallinity and increased surface defects of the product, potentially
causing  the  anticipated  mesowire  or  mesorods  morphology  to
transform into bulk structures or irregular shapes. Considering the
aforementioned factors, subsequent experiments were conducted at
the AgNO3 concentration of 0.300 mol·L−1 to investigate the growth
mechanism of Ag6Mo10O33 meso/nanowires.

 

Figure 2    The  corresponding  FE-SEM  images  of  Ag6Mo10O33 synthesized  at  different  concentrations  of  raw  materials  with  a  fixed  molar  ratio  (Ag:Mo  =  1:1)  as
summarized in the Table S1 in the ESM: ((a)–(c)) Sample 2; ((d)–(f)) Sample 3; ((g)–(i)) Sample 4.

Yang et al. Nano Research | Vol. 18, No. 4

Nano Research, 2025, 18, 94907274 94907274 (4 of 10)

https://www.sciopen.com/article/10.26599/NR.2025.94907274
https://www.sciopen.com/article/10.26599/NR.2025.94907274
https://www.sciopen.com/article/10.26599/NR.2025.94907274
https://www.sciopen.com/article/10.26599/NR.2025.94907274
https://www.sciopen.com/article/10.26599/NR.2025.94907274
https://www.sciopen.com/article/10.26599/NR.2025.94907274
https://www.sciopen.com/article/10.26599/NR.2025.94907274
https://www.sciopen.com/article/10.26599/NR.2025.94907274


To conduct in-depth insight of the actual growth mechanism of
the  ultralong  meso/nanowire  structure  of  Ag6Mo10O33,  under  the
AgNO3 concentration  of  0.300  mol·L−1 with  the  constant  molar
ratio (Ag:Mo = 1:1), XRD and FE-SEM techniques were utilized to
observe  the  morphology  of  the  products  obtained  at  different
reaction time ranging from 2 to 60 min (Samples 5–7), examining
the  influence  of  reaction  time  on  the  microstructure. Figure  3(a)
displays  the  XRD  patterns  of  as-fabricated  Ag6Mo10O33,  where
Samples  5–7  exhibit  strong  diffraction  peaks  at  11.125°,  26.621°,
29.746°,  and  40.051°,  corresponding  to  the  JCPDS  standard  card
(No.  72-1689).  Notably,  as  indicated  by Fig.  3(a)(1),  high-purity
Ag6Mo10O33 materials  were  prepared  using  high-efficiency
microwave  irradiation  technology  within  a  reaction  time  of  just
2 min. When focusing on the variation in reaction time for Samples
5–7 (from 2 to 60 min), the peaks of the Ag6Mo10O33 phase at (101),
(201), (023), and (031) gradually sharpen and increase in intensity,
suggesting  that  the  crystallinity  of  the  samples  improves  as  the

reaction time extends.  Additionally,  as the reaction time continues
to increase, the half-widths of these diffraction peaks corresponding
to  the  Samples  5–7  also  exhibit  a  gradual  widening  trend,  further
confirming  an  enhancement  in  the  degree  of  nanoscale  [50].
Subsequently,  the  structure  and  microtopography  of  the
representative Ag6Mo10O33 were meticulously analyzed by FE-SEM.
At  the  sample  synthesized  for  2  min  (Sample  5),  the  as-obtained
Ag6Mo10O33 exhibited  structural  features  consisting  of  dense
microclusters  formed  by  the  stacking  of  numerous  smooth
nanoflakes, measuring approximately 64 nm in thickness (Fig. S9(a)
in the ESM) and 1.33 μm in length (Figs. 3(b)−3(d) and Fig. S10(a)
in  the  ESM).  As  the  microwave  irradiation  time  was  extended  to
30  min  (Sample  6),  the  low-magnification  FE-SEM  image
(Fig.  3(e))  reveals  that  the  radiating  Ag6Mo10O33 mesowires  are
concentrated on the surface of the microblock. These structures are
consisted of a substantial quantity of nanowires bound tightly at the
end,  as  illustrated  in  further  detail  in Fig.  3(f).  Subsequently,

 

Figure 3    (a) XRD patterns of Ag6Mo10O33 meso/nanowires: the three curves (1), (2), and (3) indicate Samples 5–7, respectively. Typical FE-SEM images of Ag6Mo10O33

mesowires synthesized utilizing microwave irradiation at different reaction time: ((b)–(d)) Sample 5:  2 min, smooth nanoflakes;  ((e)–(g)) Sample 6:  30 min, uniformly
radiating mesowire; ((h)–(j)) Sample 7: 60 min, needle-like mesowires.
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Fig.  3(g) confirms  that  the  radiating  nanowires  exhibit  relatively
uniform morphology with a diameter of approximately 43 nm (Fig.
S8  in  the  ESM)  and  lengths  ranging  from  1.00  to  3.00  μm  (Fig.
S10(b)  in  the  ESM).  As  the  heating  time-span  was  prolonged  to
60 min for Sample 7, needle-like Ag6Mo10O33 mesowires (diameter:
0.58 μm, length: 5.15 μm, Figs. S10(c) and S13 in the ESM) emerged
and exhibited radial  organization characteristics  at  the micrometer
scale,  as  shown  in  the Figs.  3(h) and 3(i).  The  needle-like
Ag6Mo10O33 mesowires  are  stacked  with  layers  of  ultrathin
nanosheets  with  an  average  thickness  of  6  nm  (Fig.  S9(c)  in  the
ESM).  Significantly,  as  depicted  in Fig.  3(j),  it  was  discovered  that
minor splitting and fusion phenomena occurred within the needle-
like Ag6Mo10O33 mesowires surface, indicating the ripening process
is  in  progress.  Ultimately,  the  morphologically  consolidated
Ag6Mo10O33 mesowires were formed at 120 min through a ripening
process.  More  notably,  Sample  1  exhibits  superior  morphological
characteristics,  specifically  represented  as  ultralong  and  ultrafine
mesowires with a uniform distribution, as shown in Fig. S14 in the
ESM.  The  advanced  liner  architecture  of  Ag6Mo10O33 materials
provides  a  high  specific  surface  area  and  appropriate  transport
channels,  facilitating  the  improvement  of  electrochemical
performance.  Under  suitable  reactant  concentration  conditions  of
0.300  mol·L−1,  efficient  microwave  irradiation  technology  enabled
the preparation of self-assembled Ag6Mo10O33 materials within just
2  min  of  reaction  time.  Extending  the  reaction  time  to  30  min
induced a dissolution-recrystallization process, leading to the initial
formation  of  a  mesowire  structure.  As  the  reaction  time  further
increased,  the  mesowire  size  gradually  expanded  from  1.33  to
14.71  μm  (Fig.  S12  in  the  ESM),  while  the  thickness  of  the  thin
sheets forming the mesowires decreased from 64 to 5 nm (Fig. S9 in
the  ESM).  According  to  the  above  FE-SEM  analysis,  the
morphologies of Ag6Mo10O33 mesowires are extensively affected by
the  reaction  time  under  the  series  conditions  of  highly  efficient
microwave irradiation function. 

3.3    The  growth  mechanism  of  Ag6Mo10O33  meso/
nanowires
Based  on  the  observed  morphology  evolution  and  phase
transformation of Samples 5–7 and Sample 1 from 2 to 120 min, a
possible  fabricating  mechanism  of “self-assembly”, “dissolution-
recrystallization”,  and “Ostwald  ripening” can  be  proposed  to
elucidate  the  formation  process  of  superlong  and  homogeneous
Ag6Mo10O33 mesowires as illustrated in Fig. 4. In order to diminish
surface energy during the first nucleation phase, many seeds began
to  arrange  into  Ag6Mo10O33 nanofragments,  which  subsequently
stacked  into  microscale  clusters  (Figs.  4(a) and 4(b)).  The  final
crystal structure is heavily governed by the crystal growth phase of
Ag6Mo10O33, which is driven by a complex balance between kinetics
and  thermodynamics  and  benefits  from  microwave  dielectric
characteristics  [53, 54].  As  the  reaction  period  extends,  the  inner

Ag6Mo10O33 nanofragments  with  high  energy  under  high-
temperature  of  microwave  function  were  dissolved  and
recrystallized  to  form  radialized  Ag6Mo10O33 mesowires  with  a
larger  diameter  (Fig.  4(c)).  Subsequently,  the  extensive  growth  of
one-dimensional  mesowires  along  the  favored  orientation,  which
leads to a consistent increase in length, predominantly depends on
the progressive dissolution-recrystallization of irregular nanosheets.
Eventually,  it  can  be  witnessed  that  the  superlong  and
homogeneous  Ag6Mo10O33 mesowires  were  obtained,  suggesting
that these nanowires extend from the needle-like structure in a one-
dimensional  orientation  (Figs.  4(d) and 4(e)),  which  corresponds
with  the  established “Ostwald  ripening” mechanism  [55−58].
Significantly, the microwave irradiation provides a reliable method
for  fabricating  and  designing  Ag6Mo10O33 mesowires  with  high
purity  and  a  unique  morphology.  Evidently,  the  aforementioned
formation  mechanism  plays  a  crucial  role  in  the  controlled
synthesis of ultralong Ag6Mo10O33 mesowires. 

3.4    The  electrochemical  performances  of  the  Ag6Mo10O33
materials in SIBs
To evaluate the electrochemical properties of Ag6Mo10O33 electrode
materials,  the  coin-type  cells  were  assembled  using  Ag6Mo10O33
mesowires (Sample 1) as the working electrode and employing two
kinds  of  collectors  (Ti  sheet  and  Al  foil).  The  cyclic  voltammetry
(CV)  curves  (Figs.  5(a), 5(b), 5(d),  and 5(e))  were  collected  at
varying scan rates (30, 50, 70, and 100 mV·s−1) within the potential
range  of −2.00  to  3.50  V  to  elucidate  the  reaction  kinetics  of
Ag6Mo10O33 electrode  for  the  reversible  Na+ storage  [55]. Figures
5(a) and 5(d) present  the  contour  plots  of  the  CV  patterns  for
Ag6Mo10O33 attached  to  the  different  collectors,  respectively.  The
anodic peak at 1.00 V (Peak A) arises from the oxidation reaction in
red region, whereas the cathodic peak at −0.50 V (Peak B) coincides
with the reduction process in the blue region. Figures 5(b) and 5(e)
illustrate the CV profiles corresponding to the contour plots. There
is  a  pair  of  roughly  symmetric  redox  peaks  at  1.01  and −0.51  V,
suggesting that the redox reactions of Ag6Mo10O33 during charging
and  discharging  exhibit  a  high  electrochemical  activity  and
reversibility.  As  the  scanning  rate  increases,  only  minor  shifts  in
peak  positions  are  observed  with  no  significant  changes  in  peak
shape.  This  phenomenon  signifies  that  reversible  electrochemical
processes  have  transpired,  further  implying  that  the  reaction
kinetics  are  swift  and  the  level  of  polarization  is  minimal.
Additionally, the CV tests performed on Sample 1 mounted on Al
foil  demonstrated  that  the  oxidation/reduction  reaction  potentials
and  profiles  were  markedly  analogous  to  those  recorded  using  Ti
sheet  as  the  current  collector,  suggesting  a  comparable  sodium
storage mechanism on both collectors. Figures 5(c) and 5(f) display
the  GCD  profiles  derived  from  0.02  to  3.50  V  (vs.  Li+/Li)  at  a
current density of 10 mA·g−1. In the first cycle, the electrodes for the
Ti-sheet and Al-foil current collectors, deliver high initial discharge

 

Figure 4    Schematic  illustration  of  the  formation  process  for  Ag6Mo10O33 meso/nanowires:  (a)  nucleation;  (b)  nanoflakes;  (c)  radialized  micromaterials  composed  of
nanowires; (d) needle-like mesowires; (e) ultralong mesowires.
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capacities  of  1587.9  and  1361.1  mAh·g−1,  respectively.  This  high
capacity  is  indicative  of  the  significant  Na+ storage  capability  of
Ag6Mo10O33 nanomaterials,  driven  by  the  unique  structure.  The
high  initial  capacity  also  suggests  that  the  material  efficiently
accommodates  Na+,  rendering  it  a  promising  candidate  for  high-
performance  SIBs.  After  the  initial  cycle,  the  shape  and  voltage
plateau  of  GCD  curves  consistently  exhibited  invariant,  signifying
highly  reversible  and  stable  electrochemical  cycling  performance
(Figs.  S15  and  S16  in  the  ESM).  However,  a  degree  of  capacity
fading  is  observed  in  the  subsequent  cycles,  which  is  commonly
associated with the formation of a solid electrolyte interphase (SEI)
layer  and  the  irreversible  trapping  of  Na+ within  the  material  [59,
60]. For the second cycle, the specific capacities decrease to around
817.9  in  Ti  and  759.5  mAh·g−1 in  Al  collector,  which  still  remain
significantly  higher  than  that  of  the  reported  silver  molybdate
materials  [61].  It  is  noted  that  the  reversible  capacity  of  the
Ag6Mo10O33 loaded  on  Ti  sheet  after  30  cycles  of  charging  and
discharging  remained  stable  at  551.5  mAh·g−1,  maintaining
422.1  mAh·g−1 after  60  cycles,  which  demonstrates  commendable
cycling stability of the Ag6Mo10O33 electrode (Fig. 5(g)). Regretfully,
the  capacity  of  Ag6Mo10O33 using  Al  foil  as  collector  fades  to
198.7  mAh·g−1 after  30  cycles  (Fig.  5(f)),  followed by  a  decrease  in
capacity during the subsequent 30 cycles (60th cycle: 132.3 mAh·g−1,

Fig. 5(h)), which is relatively worse than that of Ag6Mo10O33 loaded
on  Ti  sheet.  Based  on  the  above  analysis,  besides  the  higher
capacity,  the  Ag6Mo10O33 attached  to  Ti-sheet  also  demonstrate  a
much better capacity retention than the Ag6Mo10O33 load on Al foil.
The  electrochemical  impedance  spectroscopy  (EIS)  further  verifies
the  above  results  (Fig.  5(i)).  Comparing  the  electrochemical
impedance of Ag6Mo10O33 mesowires on various collectors revealed
that the Al-foil electrode had higher resistance. It is possible that the
relatively  smooth  surface  of  the  Al  foil  results  in  inadequate
bonding  with  the  electrode  material,  leading  to  poor  contact  and
consequently  higher  resistance,  which  further  affects  the
electrochemical  performances  of  the  electrode  [62, 63].  These
results highlight the intrinsic stability of Ag6Mo10O33 nanostructures
as  an  electrode  material,  capable  of  sustaining  high  capacity  over
prolonged cycling, which is critical for practical battery applications. 

4    Conclusion
In  summary,  ultralong  Ag6Mo10O33 mesowires  with  regular
morphologies have been fabricated by the high-efficient microwave
irradiation  approach  and  investigated  as  electrochemical  energy
storage materials for SIBs. By meticulously controlling the reactant
concentration  and  reaction  duration,  the  ultralong  Ag6Mo10O33

 

Figure 5    Electrochemical performance of Ag6Mo10O33 mesowires in SIBs using Ti sheet as the current collector: (a) CV contour plot; (b) CV curves; (c) charge–discharge
curves at a constant current density of 10 mA·g−1; (g) cycling performance at 10 mA·g−1 for 60 cycles. Using Al foil as the current collector: (d) CV contour plot; (e) CV
curves; (f) charge–discharge curves at a constant current density of 10 mA·g−1; (h) cycling performance at 10 mA·g−1 for 60 cycles; (i) EIS plots of Sample 1 in SIBs utilizing
Al-foil and Ti-sheet as current collectors.
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mesowires,  approximately  15.00  μm  in  length  and  composed  of
ultrathin  nanosheets  with  an  average  thickness  of  5  nm,  were
synthesized  under  the  conditions  of  AgNO3 concentration
(0.300 mol·L−¹) with a fixed molar ratio (Ag:Mo = 1:1) and reaction
time (120 min).  Furthermore,  the  growth mechanism of  ultralong
and uniform Ag6Mo10O33 mesowires was concluded into the “self-
assembly-dissolution-recrystallization-Ostwald-ripening” process,
based  on  the  comparison  of  the  phase  and  morphological
evolutions of the Ag6Mo10O33 materials obtained at various reaction
time.  Benefiting  from  the  superior  topology,  Ag6Mo10O33
mesowires  exhibited  an  excellent  initial  specific  capacity
(1587.9  mAh·g−1),  a  remarkable  specific  capacity  for  the  second
cycle  (817.9  mAh·g−1),  and an  outstanding  reversible  capacity  after
60 cycles (422.1 mAh·g−1). The proposed insights can provide better
guidance for the morphology regulation of Ag6Mo10O33 materials in
frontier energy-related applications. 

Electronic  Supplementary  Material: Supplementary  material  (the
parallel  experimental parameters and corresponding morphologies
of  the  as-produced  Ag6Mo10O33 (Table  S1);  generalization  of  the
experimental  data  and  their  structural  information  of  the  as-
obtained  Ag6Mo10O33 nanowires  (Figs.  S1  and  S3–S13);  the  SEM
images  of  Samples  6  and  1  (Figs.  S2  and  S14);  a  table  showing
particle  size  and  corresponding  morphologies  under  different
conditions  (Table  S2);  the  differential  capacity  (dQ/dV)  curves
corresponding to Figs. 5(c) and 5(f) (Figs. S15 and S16)) is available
in  the  online  version  of  this  article  at https://doi.org/10.26599/
NR.2025.94907274. 
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