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A partial wet chemical route, by inducing Al,O, nanoparticles into Y(NO,), solution to form a core-

shell structured yttrium aluminum garnet (YAG) precursor based on burst nucleation synthesis
process, was studied intensively. By simulating the reaction conditions with urea and NH,HCO; as
precipitants, a two-step formation mechanism with different dynamic processes is proposed to
describe the core-shell structure formation process. During the most of the whole process, the
electrostatic attraction between the opposite surface charges of Al,O; and Y-compound
nanoparticles is deemed to one apparent driven force. However, the high surface energy of Y-
compound nanoparticles originated from the burst nucleation process plays a key role to complete
the core-shell structure formation. The as-obtained precursor can transform into pure YAG
nanoparticle, retaining the morphology of the template Al,O;, which is of high quality for preparing
transparent ceramics. The full understanding of the mechanism can make this route a novel method
to synthesize core-shell nanostructured binary oxide precursor.

Introduction gradient distribution of Y/Al elements is obtained by adding the
NH4HCO; solution into the Y-Al solution in droplet, while that

Binary oxides have attracted much attention because of their with hollow morphology is formed by adding the Y-Al solution

broad applications z.md substantial application plTospef:ts. For into the NH;HCO; solution.'” Moreover, many factors, such as
example, LaMnO; is used as electrolyte of solid-oxide fuel th . S . .
1 R . . . e precipitant application, reactant concentration, reaction
cell;” Y3FesOg, is used as laser alignment, microwave devices, . . . .
. ) ) . . temperature, rate of reaction, and even ambient humidity during

an.d is also important f0121ndat10na1 material of 01rculat0.r, phase the synthesis of YAG precursor, can affect the morphology and
shifter, modu.lator, etc.,. Tl.ransparen.t MgAF2Q4 ceram1.c 1S an composition control.'”?® Thus, it is difficult to mass-produce
excellent optical material in ultraviolet, visible and infrared YAG . . . .
. 1, nanopowders with uniform size distribution, less

bands used as bow cap and window material,” and so on. . . . .. .
) ; : aggregation, and precise chemical composition. Contrastively,
Materl.als with p rF)p er na.nop a.rtlcle morphology are usually spherical nanosized particle of individual Y,0; with uniform
essential to realize their high performances. Therefore, . s . .
size distribution is easy to be synthesized through a

21,22

morphology controllable synthesis of the complex oxides has homogeneous  precipitation  process. In  addition,

.45 . .
been a hot topic.™ As one of the most attractive materials, monodispersed commercial ALO, nanopowders with high

yttrlun.1 alumlnu@ ga.rnet (YAG) nanoparticles has been quality is available. For controlling the morphology of the YAG
extensively studied in order to get a well-controlled . . . .

o precursor with good dispersion, a core-shell structure, which
morphology, such as sol-gel method™’, homogeneous

o1 Al,0O3; nanoparticles as the core and Y- compound as the shell,

precipitation®’,  co-precipitation methods microwave

1213 1415 seems to be a good choice. The most common approaches for

irradiation and solvothermal methods , etc. In practice,

core-shell structure are chemical synthesis®, chemical vapor

morphology control of Y-Al precursor is difficult because of 26

depositi0n24, laser-induced assembly25 , electrostatic attraction

. 3+ . . .
the hydrolysis - character of AI"" ions which induces the etc. In our route, we proposed a method to synthesis spherical

formation of flocculated sediment during the co-precipitation YAG nanoparticles by assembling a layer of Y-compound on

process.'® For instance, the YAG precursor nanoparticles with
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Al,O3 nanoparticle to form a Al,O3/Y-compound core-shell
nanostructure, and then transformed into YAG nanoparticles
through a micro-solid state reaction.”” The main idea of our
route lies in the self-assembling of Y-compound on the surface
of AL,O; nanoparticles based on burst nucleation synthesis
process, and the advantages of this route has been discussed.
Based on the first understanding of the basic idea for this partial
wet chemical route, and inspired by the full understanding for
extensive application, we will discuss the formation mechanism
of core-shell YAG precursor intensively in the current work.
The fundamental of the self-assembled core-shell precursors is
studied by sorting the reaction process into two stages: first is
the pre-coating process of Y-compound on the AlO;
nanoparticle surface driven by electrostatic attraction; second is
the assembling of tiny Y-compound nanoparticles formed in the
burst nucleation process onto the pre-coated Al,O; nanoparticle
surface, principally driven by its high surface energy. By the
full understanding of the formation of YAG core-shell
nanostructured precursor, this partial wet chemical route can be
applied in the synthesis of many other core-shell nanostructured
binary oxides.

Experimental

The typical experimental procedure for the synthesis of the
YAG core-shell precursor via the partial wet route is as
follows.”” Y(NO;);-6H,0 (Alfa Aesar, 99.99%), a-Al,O;
nanopowders (size of 100—200 nm, Taimei Chemicals Co., Ltd,
99.99%) were dispersed in deionized water by
ultrasonication to form a stoichiometric (Y/Al=3/5) suspension
liquid. The concentration of Y** was kept at 0.015 mol/L
throughout the process. Urea (Sinopharm Chemical Reagent
Co., Ltd, Specpure) with the ratio of urea/Y>" in 20/1 was
applied as precipitant. After homogenizing at room
temperature, the mixed liquid was heated at 90 °C for 3 h with
stirring. Besides, surface modified Al,0; with polyacrylic acid
(PAA) or ammonium polyacrylate (PAA-NH,) as surfactants
were used instead of pure Al,O; nanoparticles to study the
effect of the surface modification of Al,O; on the core-shell
structure formation. The concentration of surfactants were all
100 ppm in the reaction system. The experiment with individual
Al,O3 has also been performed in the absence of Y** with urea
solution. To simulate the slow reaction rate during the
precipitation process, the NH4HCO; solution (0.2 M,
Sinopharm Chemical Reagent Co., Ltd, Specpure) was used as
precipitant by adding into the suspension mixed as-above in
droplet. All the precursors obtained with those methods were
collected by filtration. Then they were washed with deionized
water and ethanol to remove byproducts and inhibit hard-
agglomeration, respectively. After drying in the oven at 80 °C
for 24 h, the powders were obtain for characterization. Some
samples were reserved during the reaction process to discuss
the intermediate state of the core-shell structure formation
(Mid-products). For ceramics sintering, the YAG-precursor
powders were sieved and then calcined at 1250 °C for 2 h. The
calcined powders were uniaxially pressed into pellets under 50

well
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MPa and followed by cool isostatic pressing under 200 MPa.
Then they were sintered at 1780 °C for 4 h in 4x10° Pa
vacuum in the furnace with a tungsten heating element (712-T,
Thermal Technology LLC, USA).

The pH of the suspension was monitored with a pH meter
with an accuracy of 0.02 (PHS-3D, Leici, China). A zeta
potential  analyzer (Zetapals, Brookhaven Instruments
Corporation, USA) was used to characterize the electrokinetic
properties of the powders. A powder suspension of 0.1 mg/mL
concentration was prepared in deionized water for the zeta
potential measurement. Fourier transform infrared (FTIR)
analysis on the YAG precursor was performed by an IR
spectrometer (NEXUS 670, American Thermo Nicolet
Company) over the range of 4000-400cm '. X-ray powder
diffraction (XRD) patterns of the powders were recorded on a
Bruker D8 Advance powder X-ray diffractometer with Cu K,
(A=0.15406 nm). The morphology of the powder and
synthesized samples were characterized by a field emission
scanning electron microscope (FESEM, S-4800, HITACHI,
Japan). The core-shell structure of precursor materials was
investigated by a high resolution transmission electron
microscope (HRTEM, JEM-2100F, JEOL, Japan). The
distribution of elements of the powder was studied using
energy-dispersive X-ray spectrometer (EDS) attached to the
HRTEM. The residual Y*' in the filtration solution was
checked with an inductively coupled plasma emission
spectrometer (ICP-AES, IRIS Intrepid II XSP, Thermo Electron
Corporation, USA) to make sure the stoichiometry of the YAG
precursor.

Results and discussion

f

4
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Fig. 1 SEM images of the samples: (a) the pure Al,03, (b) Al,03/Y-compound
precursor, and (c) YAG particles calcined at 1250 °C of the Al,03-Y(NO;)s;-Urea
system; TEM image of the samples: (d) the pure Al,0; with the HRTEM image
inset, (e) Al,Os/Y-compound precursor with the inset of the HRTEM image of Y-
compound precursor shell, (f) EDS element mapping data of Al, Y and Al+Y, as
well as the TEM image in dark field.

Fig. 1 shows the SEM and TEM images of a-Al,0;, AL,O3/Y-
compound precursor and the calcined YAG particles
synthesized by the partial wet-chemical process using urea as
precipitant, as well as the EDS mapping results of the

This journal is © The Royal Society of Chemistry 2014
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precursor. As shown in Fig. 1(a), the Al,O; nanoparticles are of
smooth surface with a homogeneous size distribution around
130 nm. After the precipitation process, the YAG precursor
(Fig. 1(b)) shows a rough surface in size of 250 nm. Measured
by ICP-AES, the residual Y ions in the filtration solution is
very little, indicating a full precipitation of Y ions during the
reaction (Table S1, supporting information). By calcination at
1250 °C for 2 h, pure YAG nanoparticles are obtained
identified by the XRD results (Fig. S1, supporting information),
and the powder (Fig. 1(c)) exhibits a similar morphology to that
of the YAG precursor in sizes of 170 nm, but with regular
surface even better than that of the pure Al,O;. The TEM image
of the pure Al,O; confirms the well dispersibility of Al,O3
nanoparticles and the inset shows the lattice image of the pure
0-Al,O; confirming its high crystallization (Fig. 1(d)). It
implies that the Al,O; nanoparticles are good to work as
templates. The core-shell structure of the YAG precursor is
noted in the TEM image and the EDS mapping results (Fig.
1(e,f)). The as-obtained precursor particles exhibit an obvious
interface between the core and shell, which corresponds to the
different composition in the core and shell structures. And the
lattice image of Y-compound precursor shell (inset of Fig. 1(e))
shows its polycrystal character. In addition, it is notable that the
shell structure is easily affected by the electron exposure (Fig.
S2, supporting information). Compared with the morphology of
the pure a-Al,O;, the shell composition is different from the
center. It indicates that Al,03/Y-compound core-shell structure
should be formed with the Al,0O3 core and Y-compound shell.
The EDS mapping results give a direct evidence for the core-
shell structure formed by the Al,O; and Y-compound
respectively. It is clear that Al element is in the core position
with Y element surrounding. Consistently, blocked by the Y-
compound shell, the XRD intensity of Al,O; is decreasing with
an increase of Y-compound shell (Fig. S1). It is notable that
this core-shell structure with Y-compound shell restricts the
neck-sintering between the neighbor YAG particles at a certain
temperature due to the high melting points of Y-rich
compounds, leading to a good dispersibility.”” The highly
transparent ceramics (Fig. S3 in the supporting information)
were obtained by sintering at 1780 °C in the vacuum of 4x107°
Pa. It demonstrates the high quality of the YAG powders,
which indicates that the YAG-precursor powders with good
sintering properties can be synthesized via a partial wet
chemical route.

Transmittance (%)

b
640

152171405

4000 3500 3000 2500 2000 1500 1000 500
Wavenumbers (cm™)
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Fig. 2 FTIR spectra of the pure Al,O3 (curve a), mid-product (curve b), YAG
precursor (curve c) in Al,03-Y(NOs)s-Urea system.

The assembling process of the Y-compound nanoparticles on
the surface of Al,O; nanoparticle are very important to
understand the formation mechanism of Al,O3/Y-compound
core-shell nanostructures. As reported previously, Y-compound
nuclei can be formed abruptly in Y(NOs3); urea solution with a
temperature over 83 °C**, which is called as a burst nucleation
process. Normally, the Y-compound nuclei can form uniform
spherical nanoparticles by self-assembling. To study the
formation mechanism of the Al,O;/Y-compound core-shell
structure in the AlL,O-Y(NO;);-Urea system intensively, the
chemical bands evolution under various conditions were
discussed by the FTIR measurement. As shown in Fig. 2, the
FTIR spectra of a-Al,O; (curve a), the mid-product obtained
from the suspension at the reaction temperature of 80 °C
(pH=2.6, curve b) and the precursor particle obtained after
holding at 90 °C for 3 h (pH=6.8, curve c) are different. The
absorption bands in range of 800—400 cm™', which are mainly
attributed to metal-oxygen lattice vibration, are identified in the
FTIR spectra of pure Al,O; (curve a). The main peaks at 450,
600, 640 and 735 cm™' are assigned to the characteristic Al-O
vibrations.?”” The band at 1640 cm™' is corresponding to water
(H,O) adsorption. After the system being heated up to 80 °C,
the FTIR spectra of the collected Al,O; (Mid-product) (curve b)
shows no obviously difference from that of the pure Al,Os.
However, the enlarged spectra in region 800—1300 cm ™' shows
some peaks around 1086 cm™' become stronger than that of the
pure Al,O; (inset of Fig. 2). These peaks are assigned to the C-
O bond stretching vibration.*® It implies that the Al,O; surface
has been modified by some kinds of carbonate precipitant or
precipitate, and it is consistent with the individual study of
Al,O5; with NH;HCO; (Fig. S4 in the supporting information).
As shown in the FTIR spectra of YAG precursor obtained after
reaction at 90 °C for 3 h (curve ¢), some peaks become much
stronger, and some new peaks appear. The broad peak centered
at 3420 cm ' corresponds to the stretching mode of the
hydroxyl groups (-OH).*' The peaks at 850 cm ™' and at ~1085,
~1405 and ~1530 cm™' are originated from C-O bond bending
and stretching vibration, respectively.*> As looking into the
band in the range of 400-800 cm ™' mainly attributed to metal-
oxygen lattice vibration, it is notable that the peak between 735
and 640 cm™' has significantly enhanced. Considering the peak
at ~730 cm ! is the characteristic Al-O vibration, and as being
known, heavy atom substitution will reduce the metal-oxygen
red-shift in IR
' can be

vibration frequency, which exhibits as
absorption, so the peak between 735 and 640 cm™
assigned as the Y-O vibration. These peaks should be

corresponding to the formation of Y-compound.

RSC Advances, 2014, 00, 1-3 | 3
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5 Table 1 Zeta potentials of the samples in AL,O5-Y(NOs);-Urea system.

°4« e _sa,./i1 Y-compound film

‘_R,.um v ;y,;"" J b "wnmmmf ° Samples { (mV)
A1,0, Pure ALLOs 46.1+1.9
"‘"“"-b Mid-product* 32.7+0.7
N, b Electrostatic 5‘ Y-compound —28.5+2.1
) Simetion m‘ $ YAG precursor** —5.7+1.7
AlLO; with PAA —44.5+0.6
of"?’"cg:gﬂg;‘ e AlLO; with PAA-NH,4 —46.8+£0.7

H,N-C-NH, o - ;: P
o] ) °°
Urea Rapid decompose y.compound tiny

nanoparticles with
negative charge

3 Self-surface-modification process
) Burst nucleation & Self-assembly process

Fig. 3 The sketch of the core-shell structure formation in Al,03-Y(NOs)s;-Urea
system.

Based on the above results, the formation of the core-shell
structure is proposed and illustrated in Fig. 3. At the beginning
of urea hydrolysis, the precipitant groups of OH , CO;*" and
HCO;

particle (a-Al,O; core). These groups should be attributed to

are generated, which modifies the surface of template

the slow decomposition of urea below 83 °C. The layer of these
groups could attract Y ions on the surface of a-Al,O; template
in reaction system. As reported previously, Y(OH)CO;-xH,O is

formed 28,33

in the suspension with the wurea hydrolysis.
However, astricted by the competition of crystal nucleation and
growth related to the concentration of Y(OH)CO;-xH,0, the Y
ions on the AlLO; surface is considered easily forming the
This is a precoating process of the Al,O,

with  Y-compound. When wurea rapidly

decomposes above 83 °C, large amount of negative ion groups

precipitate.
nanoparticles

(HCO; , OH, etc.) will increase sharply and react quickly with
Y to form Y-compound nuclei, which is assigned to be the
burst nucleation process, and then the Y-compound nuclei
assemble on the surface of Al,O; nanoparticle, and form a shell
on Al,O; nanoparticle. It means the core-shell structure
formation process consists of two stages, the precoating with Y-
compound on the surface of Al,O3 nanoparticles and the shell
structure formation occurs following a burst nucleation process.
To make the process of the individual stage clear, the specific

experiments are designed and proceeded accordingly.

Fig. 4 SEM images of the YAG precursors obtained in Al,03-Y(NOs)s-Urea system
with (a) PAA and (b) PAA-NH, as surfactants, respectively.

4 | RSC Advances, 2014, 00, 1-3

* Obtained at pH=2.6; ** Obtained at pH=6.8.

Surface modified Al,O; with PAA and PAA-NH, were
performed to check the effect of the organic surfactant on the
formation of Al,Os/Y-compound core-shell structures. As
shown in Fig. 4, the SEM images exhibit that both of the
precursors obtained with PAA (Fig. 4(a)) and PAA-NH, (Fig.
4(b)) have large particles in sizes of 100—200 nm and small
particles in sizes of 10—50 nm. Because the Al,O; nanoparticles
used as templates are larger than 100 nm, the particles smaller
than 50 nm should be identified as the newly formed Y-
compounds. It indicates that the morphology of the as-obtained
YAG precursor with PAA and with PAA-NH, are all failed in
the formation of core-shell structure. Considering with the
success in core-shell structure formation without PAA or PAA-
NH,, the surface charge modification and the self-assemble
process should be different with the addition of organic
surfactants. The surface charge property evolution of samples
can give some information to probe into the formation process.
So the surface charge properties of the a-Al,O; particle in
AL O3-Y(NO3j);-urea suspension, the Al,O5/Y-compound
particle obtained at pH=2.6, the Al,Os/Y-compound particle
obtained at pH=6.8, the individual Y-compound, as well as the
a-Al,O; particle with PAA and with PAA-NH, were analyzed
in forms of zeta potential (Table 1). The zeta potential of
original o-Al,O; powder is 46.1£1.9 mV. When Al,O;
nanoparticles are dispersed in urea solution and the solution is
heated below 83 °C, the zeta potential drops to about 37 mV,
which is caused by the adsorption of negative ions (HCO®",
OH, etc.) demonstrated in previous section. The measured zeta
potential of Y-compound particles (obtained the
homogeneous precipitation method) is about —28.5 mV, which
indicates that Al,O; nanoparticles and Y-compound
nanoparticles possess opposite charges. It should supply the
driven force for the core-shell structure assembling at the
beginning. With the increase of the shell thickness, the effect of
the electrostatic attraction becomes weak, which can not
support the assembling process any more. Then, the high
surface energy of the tiny Y-compounds originated from the
burst nucleation process should act as the main driven force for
the formation of core-shell structure completely. The small zeta
potential value of YAG precursor (—5.7 mV) should be due to
the compensation of the opposite charges from the two different
nanoparticles. However, after surface modification with PAA
and PAA-NH,, Al,O; nanoparticles show high negative zeta
potential values of —44.5£0.6 mV and —46.8+£0.7 mV,
respectively. The electrostatic repulsion between these Al,O;
nanoparticles and Y-compounds in the suspension corresponds

via
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to the failure of core-shell structure formation. As illustrated in
Fig. 5, the main effect of the surface modification with PAA or
PAA-NH, lies in the cutting off of the assembling process.

5,

‘\ o> Stern layer  Stern layer g,
3 wuth H*&Y3* with PAAor| QJ:

o PAA- NH M /5 g orr
ALO,
r pamcle
~°3 /7
@
e Be inhibited %&:’

H,N-C-NH
Adhere to 2 2
the surface O Rapiddecompos to the surface
Urea of particles

of particles
— ®

PAA or PAA-NH,
with negative charge

,,a» Failure to form the
core-shell structure

Y- compound precursor

with negative charge

Fig. 5 The sketch of reaction process in Al;03-Y(NOs)s-Urea system with PAA or
with PAA-NH, as surfactants.

Fig. 6 Morphology of the samples in Al,03-Y(NO3)3-NH4;HCO;3 system: (a) TEM
images of the mid-product obtained at pH=3.5, (b) and the magnitude image
with high electron explore; (c) TEM images of YAG precursor obtained at pH=6.8,
(d) and its magnitude image.

'8, 2
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L attraction 'S
¥ z

- e ‘
9 e
St s
ou‘.’";g"'f.f‘:‘?g ‘ Separating from the surface of particle
i crowm.
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Nucleation < Growth

V-compound with
negative charge

Fig. 7 The sketch of reaction process in Al,03-Y(NO3)3-NH;HCO3 system.

To clarify the proposed mechanism of core-shell structure
formation, an experiment with NH4HCO; as precipitant was
designed to simulate a similar reaction process but with a slow
reaction rate. The dropwise-adding of NH;HCO; to Al,O;-
Y(NO3); suspension is performed to realize a slow pH
(Fig. S5, supporting the
morphology of the as-obtained samples are shown in Fig. 6.

evolution information), and

The pH of the as-prepared Al,O3-Y(NOj3); suspension is about

This journal is © The Royal Society of Chemistry 2014
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1.5. By adding NH,HCOj; solution into the suspension, the pH
approaches to 3.5. The morphology of the as-obtained mid-
product (pH=3.5) particles are almost the same as that of the
pure AlLO; particles (Fig. 6(a)). However, after explored by
electron beam, a large amount of tiny particles can be found on
the particle surface (Fig. 6(b)). It indicates that a thin layer of a
second phase is formed homogeneously on the surface of Al,O;
nanoparticles, which is similar to that with urea as precipitant.
With more NH,HCOj; solution adding (pH=6.8), the thickness
of the second phase layer on the surface of Al,O; nanoparticle
increases (Fig. 6(c)). Simultaneously, some independent
nanoparticles about 10—50 nm in diameter are noticed in the
precursor. Based on the discussion before, these nanoparticles
are identified as the self-assembled Y-compound. Compared
with the Al,O3-Y(NO3;);-Urea system, the only difference in the
reaction process of this Al,03-Y(NO3);-NH,;HCOj; system lies
in the slow reaction rate. As well known, the supersaturation, S,
play a key role in chemical precipitation, and generally given
by S=asap/K,, where a, and ag are the activities of the
partially hydrolyzed cation (Y(H,0),>") and anion (CO;%),
respectively; and K, is the solubility product constant.**
Normally, when S reaches the critical supersaturation S*,
nucleation occurs. The low solubility product constants of
Y,(CO3)5 (1.03x107°") and Y(OH); (1.00x10 2%) make it easy
to reach supersaturation. By using urea as precipitant (Fig. 3),
once the reaction temperature reaches 83 °C, a large amount of
urea decompose, supplying sufficient precipitating ligands and
reach very high supersaturation. Then, plenty of tiny Y-
compound particles are formed which is defined as a burst
nucleation process. Competed with this nucleation process, the
nuclei are not prior to grow, but prior to assemble to lower the
total surface energy. However, by using NHHCO; as
precipitant (Fig. 7), the slow reaction process realizes a
relatively low supersaturation leading to a small amount of Y-
compound nuclei in the reaction system. These nuclei are prior
to grow up with the proceeding of the reaction. The grown-up
Y-compound nanoparticles supply new cores for the other Y-
compound nanoparticles to assemble on, which is competitive
to that of assembling on the precoated Al,O; nanoparticles.
Then, besides the increase of the Y-compound coating layer
thickness, the individual Y-compound nanoparticles are formed
in the system. Thus, in the Al,03-Y(NO3);-NH,;HCOj; system, it
is believed that the absence of burst nucleation process
corresponds to the formation of individual Y-compound
nanoparticles.

In general, the aforementioned results reveal that the
formation of the core-shell structure by a partial wet process
consists of two stages. First, the slow formation of Y-
compound on the surface of the Al,O; particles, which is
initiated from the adsorption of Y ions and weak hydrolysis of
urea. Second, plenty of tiny primary precipitate particles are
formed in the suspension due to the burst nucleation process.
Driven by the high surface energy of the nanoparticles, they
assemble and form a shell structure on the precoated Al,O;
nanoparticles to lower the total surface energy. Different from
the most familiar mechanism for the core-shell structure

RSC Advances, 2014, 00, 1-3 | 5
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The mechanism of the core-shell structured yttrium-aluminum
garnet (YAG) precursor formation is intensively studied. A two
stages mechanism is proposed to describe this formation
process. First, the surface of Al,O; particles adsorb carbonate
and hydroxyl groups and form some tiny Y-compound nuclei
on the surface of Al,O; nanoparticles before the burst
nucleation occurring. Second, burst nucleation process occurs
at urea decomposition temperature, and plenty of tiny Y-
compound nuclei are formed simultaneously all over the
suspension. By self-assembling of the Y-compound
nanoparticles on the surface of the precoated Al,O3
nanoparticles, the Al,O;/Y-compound core-shell nanostructures
are formed. During the most of the process, the electrostatic
attraction between the opposite surface charges of A1,0O; and Y-
compound nanoparticles is deemed as one apparent driven
force. However, the high surface energy of Y-compound
nanoparticles originated from the burst nucleation process plays
a key role to complete the core-shell structure formation.
Surface modification with negative charged PAA~ will block
both the precoating process and assembling process, leading to
the failure in the core-shell structure formation. By making the
core-shell structure formation clear, the partial wet chemical
route with a burst nucleation process can be applied on the
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