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Summary We report an external electric field driven particle-mediated ‘‘bottom-up’’ assem-
bling methodology to in situ build the Ag2O meso-superstructures with controlled shape and size
within an electrochemical deposition system. Different shapes (rhombic hexahedron, cube and
dodecahedron) and sizes (around 100 to ∼800 nm) of Ag2O mesocrystals have been obtained
by the adjustment of the applied overpotential as well as the growth time. Various overpoten-
tials play a crucial role in determining the shapes, structures as well as growth modes of the
final product. The growth mechanism of polyhedral structures of Ag2O meso-superstructures

is explained by the oriented attachment from the nature of crystallographic surfaces and the
external electric induced ordering alignment process of primary nanoparticle building blocks.
Thus, the current strategy not only provides the direct evidence of an external electric field
driving in situ mesoassembling process, but also may be extended to other systems to synthesize
the meso-superstructures.
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Introduction
Recently, a new growth mechanism, i.e. the non-classical
crystallization pathway was successfully elucidated by
Cölfen et al. for the minerals grown by biomineralization
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rocesses [1,2]. This particle-by-particle growth process
lways involves the oriented attachment [3,4] or grain
otation [5] of the building units and forms the so-
alled mesocrystals via the mesoscale transformation [6].
esocrystals are colloidal crystals composed of individual
anocrystals that are aligned in a common crystallographic

ashion, exhibiting scattering properties similar to a sin-
le crystal [7]. With the appearance of the mesocrystal
oncept, attention has been directed towards the inves-
igation in various systems. The mesoscale transformation
rocess seems to be relevant in many cases: for exam-
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le, Cu2O [8], ZnO [9], NH4TiOF3/TiO2 [10], PdS [11], ZnSe
12], calcium carbonate [13], even in pure metals, Au [14]
nd Ag [15—17]. The resulted mesocrystals were charac-
erized by notable internal porosity, small size of their
uilding blocks (around 10 nm scales) as well as the rough
urface. Materials with such features are ideally suited to
any applications, such as catalysts, sensors and optical
roperties. However, up to now, some basic fundamental
spects, such as the underlying growth mechanism dur-
ng the mesoscale transformation, methods to intentionally
mploy this unique growth mode to artificially synthesize a
ariety of materials in a controlled way, and the novel prop-
rties of these unusual meso-superstructures (compared
o the perfect single crystal or polycrystalline struc-
ure with the same chemical composition), remain largely
nexplored.

The intrinsic properties of a material are mainly deter-
ined by its size, shape, composition, crystallinity, and

tructure. Herein, tailoring the architecture of nanocrys-
als has attracted great interest in past decades due
o the unique shape and size-dependent effect. Previous
trategies to control the growth of anisotropic nanostruc-
ures have always involved either hard templates or softer
irecting agents, including surfactants or polymers [18].
lthough good control over the dimensions can be realized

n these syntheses, removal of the template or directing
gent from the surface of the product require harsh con-
itions or multiple washing. More important, the residue
f surfactants or polymers on the product surface may
ause significant problems in some applications, such as
urface-enhanced Raman scattering that gives vibrational
nformation on molecules adsorbed on the surfaces of
anomaterials. Therefore, controlled synthesis of various
anostructures with surfaces as ‘‘clean’’ as possible is still
hallenging.

Silver (I) oxide (Ag2O), a p-type semiconducting oxide,
as been used mainly in thin film sensors and as a cathode
n zinc—silver oxide batteries [19,20]. The bandgap of Ag2O,
hich has the same crystallographic structure as Cu2O [4],
as been determined experimentally to be of 1.3 ± 0.3 eV.
his indicates that Ag2O, being nontoxic, is potentially suit-
ble for an ideal light absorption layer in photovoltaic cells
PVs). For the above applications, a shape tailoring which
etermines the surface atomic arrangement and coordina-
ion represents is of important. To date, Ag2O nanoparticles
r thin films with different structures have been synthesized
y various routes [21—23]. However, to our knowledge there
re no reports on the polyhedral structures of Ag2O, such
s cubes or dodecahedrons, although these nanostructures
ave been synthesized in other systems, such as Cu2O, CeO2,
bS, PbSe, FeCo, BaF2, CaF2, or even in pure metals, like Pd,
g, and Cu [24—27].

In order to artificially synthesize the mesocrystals in a
ide class of materials, the formation mechanisms need

o be elucidated. In fact, our previous studies upon the
ynthesis of Ag mesocrystals [16] as well as the crystal
rowth in gels [2] have implied that a high supersatura-

ion and high particle nucleation rate (forming abundant
mall clusters—–the building blocks for the mesocrystals)
referentially induces mesocrystal formation rather than
he ion-mediated classical crystallization process [2]. On
he other hand, recent literature examples, for the sys-
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em of slow evaporation of the solvent, indicate that the
rdering physical fields/forces like electric, magnetic, or
ipole fields, can be also important to allow for an ordering
f the nanoparticle units [28—31]. More recently, Cölfen et
l. have predicted an external electric field would play an
mportant role in the formation of highly ordered nanoparti-
le superstructures [32]. To date, the relevant experimental
nvestigation is still unavailable.

Here, we present the first evidence how an external
lectric field influences on the in situ construct Ag2O meso-
uperstructures with controlled shapes, sizes and structures.
n electrodeposition process with an extremely high over-
otential which provides either a redox environment or an
xternal electric field is employed to synthesize the Ag2O
esocrystals with controllable polyhedral structures. Var-

ous applied overpotentials result in a series of different
hapes of Ag2O mesocrystals, such as rhombic hexahedrons,
ubes, and dodecahedrons. In particular, the investigations
f the early stages of the architectural process give deeper
nsights into the growth mechanism in the present elec-
rochemical synthesis system. Due to no surfactants or
olymers are used in the reaction, therefore, a clean sur-
ace is obtained which is critical in some applications, such
s sensors, catalysts, as well as surface-enhanced Raman
cattering (SERS).

xperimental section

ynthesis of Ag2O meso-superstructures. All chemicals were
sed as-received without further purification. Typically, the
lectrolyte solution is prepared with analytical reagent
gNO3 (Chempur, purity: 99.99%) and ultrapure water.
he electrodeposition is conducted in a double-electrode
ystem, where two parallel silver plates (99.995%) with
imension 5 mm × 5 mm × 0.5 mm are separated by a dis-
ance of 3 cm so as to minimize the influence from distance
hange between anode and cathode during deposition of
athode. To test the idea of mesoscale assembling of Ag2O
esocrystals via an extremely high overpotential, a strong
irect current (DC) potential with range of 1—60 V is applied
etween two silver plates electrodes during electrochemi-
al deposition. As electric current passes between the two
lectrodes, the brown-colored dispersed Ag2O deposits can
merge in the vicinity of the anode and fall off into the solu-
ions. The silver plates of anode are directly used for the
bservations of SEM, and the brown deposits are collected
nto a 1 cm × 1 cm silicon substrate for further investiga-
ions.

The specimens synthesized under different electrochem-
cal reaction conditions are selected for characterization
y X-ray diffraction (XRD), scanning electron micrographs
SEM), X-ray photoelectron spectroscopy (XPS) and transmis-
ion electron microscopy (TEM). The TEM observations were
erformed with a FEI-Titan 80—300 operated at 300 kV. The
EM samples were prepared by carefully removing the prod-
ct from the Si substrate onto a carbon-coated TEM grid.

he XRD data were collected using a Philips X’PERT diffrac-
ometer via Mo Ka radiation. The general morphology of the
roducts was characterized by FESEM (LEO 1530). XPS mea-
urements were conducted by use of a Specs Phoibos 150
lectron spectrometer and Al and Mg K� radiation.
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Table 1 Binding energy for Ag 3d and O 1s photoelectrons
for electrodeposited Ag2O mesostructures.

Sample Binding energy (eV)a

Ag 3d5/2 O 1s

Ag2O mesostructure 368.0 531.7
Si substrate 532.5
Agb 368.3
Ag2Ob 367.9 529.4
AgOb 367.5 528.7, 531.6
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a XPS analysis was performed with Al and Mg K� radiation at a
pressure of ∼1.5 × 10−8 Pa.

b Literature values cited in this paper by Ida et al. [21].

Results and discussion

The Ag2O mesocrystals were synthesized in AgNO3 (aq.) using
a simple two-electrode system reported in our previous
paper [33]. Only three ingredients are required in this pro-
tocol: silver nitrate, water and silver electrodes. The silver
anode serves as the metal (ion) source to provide silver ions
in the electrolyte solution during the progress of the elec-
trochemical reactions. As electric current passes between
the two electrodes, white-colored silver tresses grow from
the cathode, while brown-colored dispersed Ag2O deposits
can also emerge in the vicinity of the anode via an anodic
oxidation process [34] and fall off into the solution. These
brown deposits are collected onto a 1 cm × 1 cm silicon sub-
strate for further investigations. The chemical composition
of product is characterized using XPS and XRD. Electronic
states of the Ag2O deposits were examined on Ag 3d and O 1s
by XPS analysis (Table 1, and see the Supporting Information
Fig. S1). Ag 3d5/2 and O 1s peaks were observed at binding
energies of 368.0 and 531.7 eV, respectively. These values

agree well with those for Ag2O in the literature [21]. The
XRD patterns of the resultant deposits are presented in
Fig. 1. All diffraction peaks could be assigned to either Si
substrate or Ag2O with a cubic cuprite structure (JCPDS 76-

Figure 1 XRD patterns of Ag2O mesocrystals synthesized at
silver ion concentrations of 1 mM, applied potential and growth
time of (a) rhombic hexahedron, 30 V @ 3 min, (b) cube, 15 V @
3 min and (c) dodecahedron, 5 V @ 5 min, (d) Si substrate and
(e) JCPDS data (76-1393) for Ag2O.
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393). A comparison with the JCPDS data indicates that the
lectrodeposited Ag2O has a 〈1 0 0〉-preferred growth orien-
ation, particularly in the shapes of rhombic heaxahedron
nd cube. The lattice constant of the Ag2O was calculated
o be 4.718 Å from the XRD pattern, which is consistent with
he JCPDS data, 4.72 Å.

In this study, various concentrations of silver ions, applied
otentials (1—60 V) as well as different growth times were
nvestigated to synthesize Ag2O mesostructures of various
hapes and size. Fig. 2 shows the field emission scanning
lectron micrographs (FESEM) of three polyhedral structures
f Ag2O mesocrystals synthesized at the silver ion concen-
rations of 1.0 mM and applied potential of (a) 30 V, (b) 15 V,
nd (c) 5 V. With 30 V of the applied potential and 3 min
f the growth time, the products shape is of rhombic hex-
hedron bounded by {1 0 0} faces with an edge length of
bout 200 nm (Fig. 2a). The shape of rhombic hexahedron
s also confirmed by the XRD patterns recorded from the
g2O mesocrystals on the silicon wafer (Fig. 1), where the
xceptionally strong (2 0 0) diffraction peak for the rhombic
exahedron indicates that the {1 0 0} surfaces of the Ag2O
esocrystals are preferentially parallel to the substrate.
hen the applied potential decreases to 15 V, the mesocrys-

als assume a form of relatively uniform cubes enclosed by
1 0 0} planes (Fig. 2b). With the 3 min growth time, the
g2O cubes display a mean size of approximately 150 nm.
s the further reduction of the applied potential to 5 V,
he typical shape of the product transforms into rhombic
odecahedral enclosed by {1 1 0} planes (Fig. 2c). The size
s about 200 nm for the growth time of 5 min. The XRD pat-
erns for above different products give the signature upon
he structural transformation of Ag2O mesocrystals. It should
e noted that these mesocrystals consist of a large quantity
f nanoparticles of the approximately 10 nm size (the mag-
ified images in the insets of Fig. 2a—c). The rough surfaces
f the polyhedral Ag2O strongly suggest a change of crystal-
ization mechanism from the classical ion-by-ion growth to
he non-classical mesoscale assembly or mesocrystallization
1,6,9].

High-resolution transmission electron microscopy
HRTEM) and the selected area electron diffraction (SAED)
attern provide further insight into the mesocrystallization
echanism of the polyhedral Ag2O mesocrystals. Fig. 3a

hows a typical bright-field TEM image of individual Ag2O
esocube with the size of approximately 200 nm. Clearly,

he bright—dark contrastive spots in the TEM image indicate
hat the Ag2O cube is aggregated by a number of small
rimary nanocrystals (the building units of mesoscale
ssembly) with sizes of 10—15 nm. The single crystal-like
attern consisting of individual diffraction spots (Fig. 3b)
ndicates that the whole assembly of the building units is
ighly oriented and aligned. A few isolated symmetrical
pots in the diffraction pattern also suggest that there is

narrow range of small angle lattice mismatch between
he boundaries of the nanoparticles when assembling in
he same orientation. This is a typical situation during the
rocesses of mesoscale transformation for mesocrystals

1,6,9]. The HRTEM image (Fig. 3c) taken from the dashed
hite circle area of Fig. 3a further supports the claim of
nalogous single crystallinity, where the primary nanopar-
icles shares the same crystallographic orientation in the
unction region. The lattice fringes are observed to have
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Figure 2 FESEM images of Ag2O mesocrystals synthesized at
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E.g., microsensors, or microreactors, because these regions
combining the rough surface may contribute to an enhanced
reactivity [9].

In the applications of nanomaterials, apart from the
shape effect, the size of nanostructures is another criti-
cal factor. In this study, the dependence of the mean size
and the size distribution of the Ag2O mesocrystals on the
experimental conditions — applied potential, silver ion con-
centrations as well as the growth time — was investigated
both in order to optimize the synthesis and to gain a bet-
ter understanding of the formation of Ag2O mesocrystals. Of
these three parameters, the growth time plays the decisive
role in the determination of the particle size. In order to get
different shapes of Ag2O mesocrystals, the applied poten-
tials are adjusted as 30, 15 and 5 V, respectively. The silver
ion concentrations are found to have significant influence
on the dissolution of the Ag2O (Fig. S3). At a high silver ion
concentration, for example, 100 mM, due to low pH value,
no Ag2O product can be obtained. However, a lower silver
ion concentration (e.g., <0.1 mM), results in a very low yield
of Ag2O dispersion. Therefore, in this study, a middle of sil-
ver ion concentration, 1 mM, is finally adopted. In Fig. 4a—c,
the size evolutions of the Ag2O mesocubes as a function of
growth time are analyzed by SEM. The mean size of the Ag2O
mesocrystals can be adjusted from approximately 100 nm for
the growth time of 2 min (Fig. 4a) to 200 nm for the growth

Figure 3 (a) TEM image of a single Ag2O mesocube. (b) SAED
ilver ion concentration of 1 mM, applied potential and growth
ime of (a) rhombic hexahedron, 30 V @ 3 min, (b) cube, 15 V @
min and (c) dodecahedron, 5 V @ 5 min.

spacing of 0.238 nm corresponding to the interplanar
pacing of (2 0 0) plane of Ag2O, which is in good agreement
ith the XRD results (Fig. 1). The existence of mesopores

or defect, amorphous regions) during the assembly of the

esocrystal is clearly observed in the HRTEM image (dashed
hite circles in Fig. 3c) and the white spots in the TEM

mage in Fig. 3a and Fig. S2. The distinctive mesostructure
onsisting of mircopores or defect regions may be used
o exploit the novel properties of the Ag2O mesocrystals.

pattern obtained from the whole Ag2O mesocube, indicating the
single crystal-like nature. The circled and boxed spots in the
SAED pattern are indexed as {1 1 1} and {2 0 0} Bragg reflec-
tions. (c) HRTEM image taken from the dashed circle area of
Fig. 2a. The white circles point to the mesopores and defects.
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Figure 5 FESEM images of Ag2O mesocrystals: (a) aggregate
of Ag2O nanoparticles, (b)—(d) typical quasi-polyhedral Ag2O
mesostructures with approximately 50 nm in size, (e)—(g) poly-
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Figure 4 The FESEM images of Ag2O mesocubes synthesized at
an applied potential of 15 V and various growth time: (a) 1 min,
(b) 5 min, (c) 30 min and (d) the average particle size versus
growth time for various applied potentials.

time of 5 min and to 600 nm for the growth time of 30 min.
The growth-time dependence of mean size and size distribu-
tions for different shape of Ag2O mesocrystals demonstrate
the similar trend as shown in Fig. 4d. In general, the longer
growth time, the larger Ag2O mesocrystals may be synthe-
sized. Meanwhile, the size distributions display a relatively
larger standard deviation (the error bars in Fig. 4d).

Based on the above time-dependent size-evolution pro-
cess, the detailed growth processes of Ag2O mesocrystals
can be explored, particularly at the early stage of the elec-
trochemical reaction. It is noted that some small mesoscale
particles of approximately 50 nm, e.g., the inset of Fig. 4a,
have already shown the quasi-cube aggregates. This obser-
vation is supported by the SEM images in Fig. 5. In Fig. 5a, a
small aggregate consists of quite a few primary particles
(about 10 particles) for mesoscale assembly are demon-
strated. As these aggregates grow to around 50 nm, the
quasi-polyhedral shapes (rhombic hexahedron, cube and
dodecahedron) can be frequently observed in the product
as shown in Fig. 5b—d. With the further grow to approx-
imately 100 nm, the well-defined polyhedral shapes are
formed (Fig. 5e—g). After a longer time of electrochemical
reaction, these Ag2O mesocrystals still show a uniform shape
owing to a relative stable silver ion concentration attributed
to the sacrificial process of silver anode. For example, the
Ag2O mesocrystal (around 500 nm in size) grown under an
applied potential of 15 V for a growth time of 20 min still
displays the well-defined cubic shape as shown in Fig. 5h.
It should be pointed out that, if we magnify the local
region of this mesocube (Fig. 5h), a structure of Ag2O pri-
mary particles embedded into Ag2O matrix may be clearly
observed (Fig. 5i). This suggests that, combining with the
mesoscale assembly process (oriented attachment/rotation
of building units), the crystallographic fusion or classical
ion-mediated Ostwald ripening process could also occur. In
other words, during the electrochemical reaction, even at

the early stage of the oriented aggregation of the build-
ing units, the crystallographic fusion would immediately
occur. However, whether the crystallographic fusion men-
tioned here is the same as the classical Ostwald ripening

r
g
[
i

edral Ag2O mesocrystals with around 100 nm in size, (h) a
ypical Ag2O mesocube with about 500 nm in size and (i) the
igh magnification image taken from the boxed area in Fig. 5h.

rocess has not been clarified clearly. In fact, the crys-
allographic fusion process or Ostwald ripening has been
bserved in various synthesis systems, e.g., in our previous
tudy of the dendritic silver mesocrystals [17], the processes
f mesoscale assembly and transformation with the assis-
ance of Ostwald ripening was investigated. More recently,
he similar Ostwald ripening process has also been found in
he systems of CuO [8], CaCO3 [35]. In the current study, a
rystallographic fusion process of nanoparitlces rather than
dissolution—recrystallization (Ostwald ripening) mecha-

ism can be suggested from the final porous nature (TEM
mages in Fig. 3a and c, and Fig. S2) of the mesocrystals,
hich would not occur upon redissolution—reprecipitation.

On the basis of these results, we propose a growth mech-
nism for the polyhedral structures of Ag2O mesocrystals,
hich includes multiple different stages—–the nucleation
f building units, the oriented aggregations of the pri-
ary nanoparticles via an oriented attachment process,

nd the crystallographic fusion process. The schematic dia-
ram is shown in Scheme 1. While, a key issue of the
rowth processes for the polyhedral structures of Ag2O is
ow the primary nanoparticle units orderly aggregate and
uild up the ordered polyhedral meso-superstructures. This
an be partly elucidated by the crystallographic surfaces
hat enclosed the crystals. In classical crystallization, the
hape of crystals grown in solution is thermodynamically
efined by minimizing the interface energies and the surface
nergies of all the exposed faces (Wulffs rule) [25,36]. This

ule likely undergoes a generalization for both nanocrystal
rowth and mesocrystals assembly based on previous reports
27,35], including the formation of minimal surfaces in the
nitial nucleation stage and intermediately mutual ordering



180 J. Fang et al.

S
a
s

(
m
p
b
o
u
d
a
T
(
c
t
s
c
o

t
fi
n
v
o
a
b
fi
h
b
i
i
(
F
t
p
d
t
s
t
r

Figure 6 FESEM images of (a) and (b) Ag2O mesostructures
synthesized at silver ion concentration of 1 mM, applied poten-
t
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cheme 1 The schematic illustration of the formation mech-
nism of Ag2O mesocrystals and the overpotential-dependent
hape-evolution processes.

see also Figs. 3, 5 and S4). The process of oriented attach-
ent, involving spontaneous self-organization of adjacent
articles along a common crystallographic surface followed
y joining of these particles at a planar interface, reduces
verall energy by removing surface energy associated with
nsatisfied bonds. The HRTEM images in Fig. S4a and b
emonstrate that, in the initial nucleation stage, the nucle-
ted primary nanoparticles can orderly attach each others.
EM image (Fig. S4c) and the corresponding SAED pattern
Fig. S4d) recorded from the small cube in Fig. S4c, indi-
ate that the small mesocube has already had the tendency
o orderly aggregate into a new mesostructure, although its
ize is only around 50 nm. These imply that, in the following
oarsening process, the oriented attachment and rotation
f building units can continuously proceed [37,38].

On the other hand, more importantly, the current elec-
rochemical environment, serving as an external electric
eld, also rather critical to the mutual alignment of the
ucleated Ag2O building units and the mesoassembly in
arious polyhedral shape based on below experimental
bservations. In this study, in order to adjust the nucle-
tion rate of the primary particles and the interaction forces
etween the primary particles under an external electric
eld, various overpotentials have been applied. Under a
igh-applied potential, an anisotropic assembly of the rhom-
ic hexahedral Ag2O mesocrystals can be achieved. If further
ncrease of applied potential, e.g., 50 or 60 V (1 mM of silver
on concentration), some nanorods (Fig. S5) or nanowires
Fig. S6) of Ag2O mesocrystals may be observed (see also
ig. 6a and b) due to the stronger anisotropic growth. On
he contrary, under a medium high-applied potential, the
roduct displays the isotropic shapes (cube or dodecahe-
ron). If further decrease of the applied potential, e.g.,

o less than 2 V, some quasi-sphere nanoparticles result as
hown in Fig. S7. However, it still follows a growth mode via
he mesoscale assembly feature in this condition from the
ough surface of the particles. When a relatively low poten-

W
fi
b
a

ial and growth time of 60 V @ 10 min, and (c) and (d) Ag2O
anostructures synthesized at SICs of 1 mM, applied potential
nd growth time of 1 V @ 10 min.

ial is applied, e.g., the electrochemical reaction at 1 V and
he silver ion concentration of 1 mM, the product shows the
hermodynamically stable nanoparticles with smooth sur-
ace which are likely to grow via the classical ion-by-ion
rystallization mode (Fig. 6c and d).

According to above overpotential-dependence shape-
nd structure-evolution as shown in Figs. 2, 6 and S5—S7,
n external electric field is therefore very important to
ealize the ordering mesoassembly and tailor the shape
f the Ag2O meso-superstructures. In principle, all atoms
nd molecules are polarizable, for both polar and nonpo-
ar atoms or molecules via coulombic interaction or van der
aals forces [39]. The polarized atoms or molecules may

ause the dipole-dipole interactions and can also interact
ith an external electric/magnetic filed. In fact, previ-
us studies have demonstrated that external electric fields
an be used to create 2D and 3D superstructures for CdS
anorods [29] or CdSe nanorods [30] during the slow evapo-
ation of the solvent. Recently, the influence of the intrinsic
lectric field on the biomimetic growth has been pointed out
40—42], and the external electric field has also been pre-
icted to play an important role in the formation of highly
rdered nanoparticle superstructures [32]. In this study, dur-
ng electrochemical reaction, the nucleated Ag2O building
nits may be also polarized to be dipoles. These dipoles can
utually attract each other in crystallographic register and

ggregate into an ordered mesocrystal. At the same time,
he interaction between these dipoles and the external
lectric field contribute to the anisotropic alignment, e.g.,
hombic hexahedron, even mesorods or mesowires obtained
t a relatively high overpotential.

onclusions
e have presented, for the first time, an external electric
eld driven particle-mediated bottom-up approach that can
e used to in situ build the Ag2O meso-superstructures within
n electrochemical deposition process. Different shapes
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(rhombic hexahedron, cube and dodecahedron) and sizes
(around 100 to ∼800 nm) of Ag2O mesocrystals have been
obtained by the adjustment of the overpotential as well
as the growth time. Various overpotentials play a crucial
role in determining the shapes, structures as well as growth
modes of the final product. The growth mechanism of poly-
hedral structures of Ag2O mesocrystals is explained by the
oriented attachment from the nature of crystallographic sur-
faces, and the external electric induced ordering alignment
process of primary nanoparticle building units. Thus, the
current strategy not only provides the direct evidence of
an external electric field induced in situ mesoassembling
process, but also may be extended to other systems to syn-
thesize the mesostructures. In addition, the current protocol
is highly scalable due to the high deposition speed which can
be possible for the actual application.
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