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M@SiOz (M = Ag, Au, and Pt) core-shell nanostructures were prepared by the “core to shell” and
“shell then core” approaches. In the former, the metal core size could be controlled in the 6-9 nm
range with a narrow size distribution, and the shell porosity was tunable. The preparation was
straightforward and efficient, without requiring specialized high-speed centrifugation. Au@SiO:
containing mesoporous SiOzshells (Au@meso-Si0z) exhibited good thermal stability and high CO
oxidation activity (Ti00 = 235 °C) even after being subjected to calcination in air at 550 °C. In the
latter approach, the core size could be controlled at < 10 nm with a narrow size distribution, and the
shell porosity was tunable to a fine degree. 4-Nitrophenol was readily reduced at room temperature
in the presence of Au@meso-SiO: obtained through the “shell then core” approach. The SiO; shell
mesoporosity minimized the diffusion limitation of 4-nitrophenol. The core-shell structures from
both approaches were uniformly dispersed. Employing Si sources with differing functionality al-
lowed the SiO2 shell and metal core properties to be modified in these approaches, which is benefi-
cial for application.
© 2013, Dalian Institute of Chemical Physics, Chinese Academy of Sciences.
Published by Elsevier B.V. All rights reserved.

1. Introduction

nanomaterials including metal@metal [6,7], metal@oxide [8,9],
metal@carbon [10,11], metal@polymer [12,13], and met-

The surface area of nanoparticles (NPs) increases rapidly
with decreasing particle size. However, NPs often aggregate
because of their high surface energy, especially at elevated
temperatures, thus losing their inherent high surface area.
Many applications require nanomaterials with multiple func-
tionality, which in turn requires the development of hierar-
chical nanostructures. The synthesis of core-shell nanostruc-
tures has received much recent attention. Core-shell structured
materials can be carefully designed and prepared in regards to
both structure and composition. This gives them attractive
properties with potential in semiconductor [1], bio-technology
[2,3], and drug delivery [4,5] applications. Various core-shell

al@zeolite [14-16] structures have been developed and used in
catalysis [17].

SiO2 is widely available and frequently used as a coating
material. SiOz is highly stable and can protect metal core parti-
cles from aggregation, while the SiOz shell porosity can be sys-
tematically modified. Functional groups such as -NHz, -OH, and
-COOH are easily attached to the SiOz shell surface, which facil-
itates their potential in biological applications. The SiOz shell is
well suited for tuning the surface properties of metal core par-
ticles. SiO2 encapsulated metal NPs are extensively applied in
colloid and materials science [18-20]. Core-shell structures of
different shapes and core sizes have been synthesized via the
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sol-gel approach [18,21,22]. Fe203 [23], ZrOz, and TiOz [24] NPs
obtained by liquid phase synthesis contain significant surface
-OH groups, and SiO2 shells are readily deposited on these ox-
ide NPs via the hydrolysis-condensation route. The SiO2 shell
encapsulation of the metal core NPs is only satisfactory after
the core hydrophilicity is enhanced by specific protective
and/or modifying agents and Si-coupling agents. Thus, the
synthetic process is often complicated and difficult to apply to
the fabrication of other NPs. Graf et al. [25] prepared core-shell
metal NPs using polyvinylpyrrolidone (PVP) as a decorating
agent. This methodology is also suitable for preparing Au,
Ag@Si02, and Al203@Si02 core-shell structures. It is difficult to
form core-shell structures from metal NPs with diameters of <
8 nm. Gorelikov et al. [26] synthesized aqueous metal@SiO2
materials using cetyltrimethylammonium bromide (CTAB) as a
stabilizing and structure-directing agent. The resulting materi-
als were easily dispersed, and their mesoporous SiOz shells
were well suited to fast mass transport. However, this synthetic
method is time-consuming and requires specialized high-speed
centrifugation. Well-dispersed core-shell metal NPs were re-
cently prepared via anti-phase microemulsion [27]. The SiO2
shell thickness was controllable; however, the method required
excess organic solvent and surfactant, resulting in high produc-
tion costs and tedious post treatment.

Huang et al. [21] prepared 6.3 nm diameter Au NPs in the
organic phase using mercaptoundecyl as a stabilizing agent. By
further employing 11-mercaptoundecanoic acid (MUA) as a
surface decorating agent to enhance the Au NP hydrophilicity,
they produced core-shell Au@SiOz via a modified Stober
method. One strategy of the current study is to use MUA as both
a stabilizing and decorating agent (free of mercaptoundecyl) to
prepare Au NPs in ethanol. We aim to directly encapsulate Au
NPs with SiOz in water/ethanol through a supersonic-assisted
Stober process.

Core-shell structures are generally synthesized following
the above-mentioned “core to shell” approach. The small parti-
cle sizes and high surface energies mean that the colloidal met-
al sol concentration is usually low, and thus productivity is
inefficient. A new “shell then core” route has recently been re-
ported, in which the SiO2 shell is prepared, and the metal core
subsequently introduced. Hah et al. [28,29] employed phenyl
trimethyl silane as a Si source and carefully adjusted the pH to
form hollow SiO2z spheres. The hollow SiOz spheres were then
filled with Cu(NOs)2 solution by supersonic-assisted impregna-
tion. Cu?* inside the spheres was reduced to Cu® using hydra-
zine. Repeating these impregnation-reduction steps allowed
the gradual growth of Cu® core particles. Cu(NO3): also existed
inside and outside the hollow SiOz spheres and was also re-
duced by hydrazine. This caused an uneven distribution of Cu®
particles inside and outside the shells. Chen et al. [30] and Tan
et al. [31] recently modified the “shell then core” approach.
They employed N-(3-(trimethoxysilyl)propyl)ethylenediamine
(TSD) and tetraethylorthosilane (TEOS) Si sources to prepare
core-shell Si02@TSD and Si02@SiO2. The medium layer was
then etched by HF to produce yolk-shell SiO.@SiOz, which was
further subjected to HF etching to generate hollow SiO:
spheres. In this route, there were significant ethylenediamine

groups on the inner surface of SiOz shells, with which the
HAuCls precursor could be in-situ reduced to Au NPs. The Au
NP size could be changed by varying the HAuCls concentration.
This procedure required multiple Si sources and the use of HF,
which brings about technical complications and safety issues.
The second strategy of the current study is to directly prepare
hollow SiO2 spheres by avoiding HF and to introduce Ag and Au
cores by in-situ reduction.

The current study aims to prepare monodisperse Pt, Au, and
Ag@SiO2 core-shell nanostructures through simple and effi-
cient “core to shell” and “shell then core” approaches. These
methods are low cost and versatile for preparing metal@SiO:
structures. M@SiOz (M = Ag, Au, and Pt) were obtained through
the two approaches, and the catalytic properties of Au@SiO:
were investigated. For Au@SiOz containing mesoporous SiO2
shells (Au@meso-SiOz) prepared through the “core to shell”
route, a gas-solid heterogeneous CO oxidation was used as the
model reaction to understand the stability of Au@SiO2. For
Au@meso-SiOz prepared through the “shell then core” ap-
proach, a liquid-solid heterogeneous 4-nitrophenol (4-NP) re-
duction was used to investigate the diffusion limitation of reac-
tant through the mesoporous SiOz shell.

We have previously prepared Fe203, NiO, Co304, and RuO2
NPs as core precursors for encapsulation by SiOz, Al203, and
MgO. M@Si0z2, Alz03, and MgO (M = Fe, Ni, Co, Ru) core-shell
nanostructures were obtained by in-situ hydrogen reduction
and applied in ammonia decomposition and methane oxygen
reforming for COx free Hz and syngas production [32-36]. The
current study involves the direct encapsulation of metal core
NPs in contrast to our previous studies.

2. Experimental
2.1.  “Core to shell” strategy

Metal NPs were first prepared through liquid phase reduc-
tion in the presence of protective and surface decorating
agents. SiOz encapsulation was then achieved following a modi-
fied Stober process. MUA was used as a protective/surface
decorating agent to stabilize the dispersed Au, Ag, and Pt NPs in
the ethanol/water. MUA also induced the deposition of SiO2
shells on the metal NP surface. Octadecyltrimethoxysilane
(C18TMS) was used to modify the SiOz shell texture and conse-
quently to modify the shell diffusion properties.

2.1.1. Ag@SiO; preparation

AgNOs3 (4 mg) and MUA (1 mg) in ethanol (30 ml) were
stirred at room temperature (RT) for 10 min. Freshly prepared
NaBHa4 solution (5 ml, 8.0x10-2 mol/L) was added under rigor-
ous stirring. The color quickly changed to reddish orange, indi-
cating the formation of Ag NPs. NH3-H20 (2 ml) and H20 (10
ml) were added under stirring until the mixture was clean. A
solution containing TEOS (0.5 ml) in ethanol (10 ml) was then
slowly added, and the mixture was stirred for 6 h. The resulting
colloidal sol was dried at 80 °C for 3 h.

2.1.2. Pt@SiO: preparation
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H2PtCle'6H20 solution (1 ml, 1.93x10-2 mol/L) and MUA
(0.5 mg) in ethanol (30 ml) were stirred at RT for 10 min.
Freshly prepared NaBHa4 solution (4.5 ml, 8.0x10-2 mol/L) was
added under rigorous stirring. The color changed to deep
brown, indicating the formation of Pt NPs. NaOH (2 ml, 0.625
mol/L) was added, and the solution was stirred for 10 min,
during which time a precipitate formed. Upon centrifugation
(4000 r/min, 5 min) or resting (30 min), the precipitate was
isolated and was mixed with NH3-H20 (2 ml), H20 (10 ml), and
ethanol (30 ml). The resulting mixture was stirred for 30 min. A
solution containing TEOS (0.5 ml) in ethanol (10 ml) was slow-
ly added, and the mixture was stirred for 6 h. The resulting
colloidal sol was dried at 80 °C for 3 h.

2.1.3. Au@SiO; preparation

HAuCls'4H20 solution (2 ml, 9.7x10-3 mol/L) and MUA (2.0
mg) in ethanol (30 ml) were stirred at RT for 10 min. Freshly
prepared NaBH4 solution (5 ml, 8.0x10-2 mol/L) was added
under rigorous stirring. The color changed to claret, indicating
the formation of Au NPs. NaOH solution (2 ml, 0.625 mol/L)
was added, and the solution was stirred for 10 min, during
which time a precipitate formed. Upon centrifugation (4000
r/min, 5 min) or resting (30 min) the precipitate was isolated
and was mixed with NHs-H20 (2 ml), H20 (10 ml), and ethanol
(30 ml). The resulting mixture was stirred for 30 min. A solu-
tion containing TEOS (0.5 ml) in ethanol (10 ml) was slowly
added, and the mixture was stirred for 6 h. The resulting col-
loidal sol was dried at 80 °C for 3 h.

2.1.4. SiO:z shell modification

The same steps were adopted for preparing Au@micro-SiOz
and Pt@micro-SiOz except for the last step, in which a certain
amount of octadecyltrimethoxysilane (C1sTMS) was added with
TEOS to modify the SiOz shell porosity.

2.2. “Shell then core” strategy

SiOz hollow nano-spheres were prepared by microemulsion.
Upon decoration with another Si source, mesoporous SiOz hol-
low spheres with reductive functional groups were obtained.
Au and Ag core NPs were finally introduced through in-situ
reduction.

2.2.1. Preparation of hollow SiO: spheres

Hollow SiO2 spheres were prepared in the aqueous phase as
previously reported [37]. In brief, CTAB (0.2 g), C12-SH (40 pl),
and NaOH solution (0.7 ml, 2 mol/L) in H20 (100 ml) was
heated to 80 °C and stirred for 30 min. A solution containing
TEOS (2 ml) and TSD (0.1 ml) in ethanol (5 ml) was added
slowly, and a white colloidal sol formed. After stirring for 3 h,
the solids were isolated, dried at 100 °C, and stored for later
use.

2.2.2. Au@SiO; preparation

HAuCls solution (4 ml, 9.71x10-3 mol/L) was added to hol-
low SiO2 spheres (0.2 g) dispersed in H20 (50 ml). The mixture
was subjected to supersonic treatment of 1 h and then rested at

80 °C for 3 h. The color changed to purplish red. The solids
were isolated by centrifugation (4000 r/min, 5 min) and dried
at 100 °C.

2.2.3. Ag@SiO; preparation

Hollow SiO2 spheres (0.2 g) were dispersed in a mixture of
H20 (50 ml) and ethanol (5 ml), and AgNOs (0.1 g) was added.
The mixture was subjected to supersonic treatment and then
rested at 80 °C for 12 h. The color changed to deep yellow. The
solids were isolated by centrifugation (4000 r/min, 30 min)
and dried at 100 °C.

2.3. Characterization

Brunauer-Emmett-Teller (BET) measurements were per-
formed on a NOVA-1200 apparatus at -196 °C. Prior to N2
sorption measurements, samples were degassed at 300 °C for 3
h. X-ray diffraction (XRD) patterns were collected on a Philips
X'Pert MPD Pro X-ray diffractometer with Cu K, radiation (A =
0.1541 nm) operated at 40 kV and 40 mA. The scanning speed
was 0.02° and the 260range was 10°-80°. Transmission electron
microscopy (TEM) images were recorded on a JEM-1010 mi-
croscope operated at 80 kV.

2.4. Catalytic activity

Catalyst (50 mg, 20-40 mesh) was used for CO oxidation
experiments. The feed gas was 1.4% CO in air (v/v) with a flow
rate of 25 ml/min and gas hourly space velocity (GHSV) of
30000 cm3 h-1 gear L. Prior to reaction, samples were calcined in
air at 550 °C for 2.5 h. The off-gas was analyzed by an on-line
gas chromatograph (GC, GC122) with a packed Poropak Q col-
umn and a thermo-conductive detector.

For 4-NP reduction, Au@SiO: (10 mg) was dispersed in H20
(5 ml) at RT, and NaBHa4 solution (1 ml, 0.3 mol/L) was added
to the suspension under stirring (10 min). A 4-NP solution (0.2
ml, 7.62 x 10-2 mol/L) was added under rigorous stirring. Ali-
quots (0.1 ml) were removed at 3-min intervals and diluted to
4 ml with H20. Samples were measured on a UV-Vis spectrom-
eter, and catalytic activity was calculated in terms of the rela-
tive absorbance at 401 nm. A blank test was performed simi-
larly without using Au@SiOz.

3. Results and discussion

3.1. M@SiOz (M = Ag, Au, and Pt) obtained through the “core to
shell” approach

The surfaces of colloidal metal NPs contain few hydrophilic
groups. To encapsulate them with SiOz shells, it is necessary to
first modify them with surfactants or silicon hydride coupling
agents. We adopted MUA as both a stabilizing and struc-
ture-directing agent for the colloidal metal NPs to enhance
their surface hydrophilicity. This in turn facilitated the coating
of SiO2 shells on the metal core surfaces. To the best of our
knowledge, this is the first report of metal NPs smaller than 10
nm prepared in ethanol directly from MUA. Figure 1 shows a
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Fig. 1. TEM image of Ag@SiO: obtained via the “core to shell” approach
(a) and the particle size distribution of Ag cores (b).

TEM image of Ag@SiO2 particles and the corresponding Ag core
size distribution. The average core size was 5.7 + 0.5 nm, and
the SiOz shell thickness was approximately 40-50 nm. Particles
were essentially monodisperse.

To verify that the methodology was suitable for preparing
other metal@SiOz structures, Au@SiOz core-shell structures
were similarly fabricated. TEM images of the resulting samples
with different porosity SiO2 shells and the Au core size distri-
bution are shown in Fig. 2. The average Au core size was 7.3 +
1.0 nm. Multi-core encapsulation was observed in some
Au@SiOz2 core-shell particles. Specifically, two to three Au NPs
were encapsulated in a single SiOz shell in some particles,
though cores remained separated by SiOz and did not aggregate
into one large domain. Employing the C1sTMS agent ([C18TMS]:
[TEOS] = 1:8) caused the SiO2z shell texture to become more
mesoporous (apparent as loose SiO: shells in Fig. 2b).

N2 adsorption-desorption isotherms of Au@micro-SiOz and
Au@meso-SiOz are shown in Fig. 3a. The latter exhibited typical
type IV behavior, while the former exhibited a small non-char-
acteristic hysteresis loop, which may have resulted from the
stacking of particles. Pore size distributions determined by the
Barrett-Joyner-Halenda (BJH) method (Fig. 3b) indicated that
Au@meso-SiOz had an average pore size of 2-3 nm. This likely
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Fig. 3. N2 adsorption-desorption isotherms (a) and the pore size distri-
butions (b) for A u@meso-SiOz (1) and Au@micro-SiOz (2).

resulted from the SiO2z shells and could not have been due to
particle stacking. Au@micro-SiOz exhibited no pore size of
1-12 nm. The BET surface area of Au@meso-SiO2 was 368.7
m2/g, which was much larger than that of Au@micro-SiOz (35.3
m2/g). Because the Au core sizes of the two samples were simi-
lar, the different BET surface areas indicated a higher SiO2 shell
porosity in Au@meso-SiOa.

Figure 4 indicates that Au@meso-SiO2 had a higher CO oxi-
dation activity than Au@micro-SiOz. The activity of Au@meso-
SiO2 was comparable to that exhibited by Au@hollow ZrO:
pre-calcined at 800 °C (Au particle size of 6.3 nm) [21]. SiOz and
ZrO2 are both non-reducible. This means that Au@meso-SiO2
and Au@hollow ZrO; are less active for CO oxidation at low
temperatures than Au/TiO2 and Au/Fe203 because TiO2 and
Fe203 are reducible. The SiOz and ZrOz encapsulated Au NPs are
durable against sintering at 550-800 °C. The activity of typical
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Fig. 2. TEM images of Au@micro-SiOz (a) and Au@meso-SiOz (b), and Au core size distribution in Au@meso-SiO2 (c).
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Fig. 4. Catalytic activity for CO oxidation over Au@micro-SiOz (1) and
Au@meso-SiOz (2) calcined at 550 °C.

supported Au NPs depends on the type and structure of the
support [38-43]. The mobility of supported Au NPs is rather
high, resulting in their tendency to aggregate at low tempera-
tures, and even at RT [44-48]. Thus, reported highly active
supported Au NPs have not generally been subjected to calci-
nation, and their activity cannot be maintained for long periods
[49-52].

In Au@micro-SiOz, the limited SiO2 porosity and strong in-
teraction between Au and SiOz hindered CO and O: from
reaching the Au core surface and undergoing reaction. XRD
patterns of Au@micro-SiOz and Au@meso-SiOz are shown in
Fig. 5. The former exhibited weak Au diffractions despite the
similar Au particle size of these two samples (Fig. 2). Denser
SiOz shells in Au@micro-SiOz may have weakened the diffrac-
tion by Au. The lower density SiOz shells in Au@meso-SiO2
resulted in a weak interaction between Au and SiOz and con-
sequently an enhanced diffraction by Au. This resulted in the
strong diffraction by Au (20 = 38.25°, 44.46°, 64.69°, and
77.71°).

Pt@micro-SiOz and Pt@meso-SiOz core-shell materials were
also prepared. TEM images (Fig. 6) show that the average Pt
particle size was 8.6 £ 1.5 nm. Multi-core encapsulation in
Pt@micro-SiOz and aggregation of Pt cores was apparent in
some core-shell particles, but the overall structures remained
monodisperse. Specific surface areas of Pt@meso-SiO2 and
Pt@micro-SiOz were 247.5 and 67.6 m?/g, respectively. Nz
sorption isotherms (not shown) confirmed that the presence of
C18TMS modified the SiOz shell texture.

In summary, the “core to shell” strategy was used to fabri-
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Fig. 5. XRD patterns of Au@micro-SiO: (1) and Au@meso-SiOz (2).

cate the Ag, Au, and Pt@SiOz core-shell nanostructures with
core sizes of 5-9 nm, narrow size distributions, and monodis-
perse structures. The presence of C1sTMS resulted in mesopo-
rous SiOz shells. This favored mass transport through the
shells, and adsorption and reaction on the core surfaces.

3.2. M@SiOz (M = Ag and Au) obtained through the “shell then
core” approach

3.2.1. Preparation of hollow SiO: spheres

The mechanism of hollow SiOz sphere formation is related
to the presence of the C12-SH and CTAB [23]. C12-SH is hydro-
phobic and partially dissociates in strongly alkaline solution.
C12-S- electrostatically interacts with CTA* to form a supramo-
lecular complex, which is dispersed as a microemulsion in the
aqueous phase. TEOS is hydrolyzed in the alkaline medium to
form SiO2 oligomers, which self-assemble with CTA* at the
C12-S-/CTA* supramolecular interface. The cross-linking oli-
gomerization of TEOS on the interface generates mesoporous
SiO2 spheres. Hydrophobic Ci2-SH can increase the expansion
of CTAB in the microemulsion, which results in SiO2 spheres of
higher porosity. The colloidal SiO2z sol is then subjected to re-
peated dispersion in ethanol/water and centrifugation to re-
move Ci2-SH and CTAB. Mesoporous SiOz spheres are then
obtained.

The N2 adsorption-desorption isotherm and pore size dis-
tribution of hollow SiO2z spheres are shown in Fig. 7. The spe-
cific surface area was 533.9 m2/g, and the isotherm exhibited
typical type IV behavior. The average pore size determined by
the BJH method was around 3 nm (Fig. 7b).
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Fig. 6. TEM images of Pt@micro-SiO: (a) and Pt@meso-SiO:z (b), and Pt core size distribution in Pt@meso-SiO: (c).
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3.2.2. Fabrication of Au@SiO; and Ag@SiOz

SiOz is non-reducible and cannot reduce metal ions to their
corresponding elements. It is necessary to modify SiOz shells
with functional groups to enable reduction. TSD was employed
as a second Si source in this study. TSD hydrolyzes faster than
TEOS in alkaline solution. Early in SiOz formation, most TSD
and some TEOS were co-hydrolyzed and condensed, producing
the inner part of SiO2 spheres. The outer part largely formed
during the subsequent hydrolysis and condensation of TEOS.
Most TSD was hydrolyzed in the core space, so
-NH-CH2-CH2-NH: functional groups were largely located
there. Thus, Au3+ and Ag+ were predominantly reduced inside
the SiO2 spheres as metal cores. TEM images of Ag@SiO2 and
Au@SiO2 core-shell structures synthesized via the “shell then
core” approach are shown in Fig. 8. The average Ag and Au core
sizes were 8.0 + 1.0 nm and 8.5 £ 0.9 nm, respectively. The out-
er diameter of the hollow SiOz spheres was about 80-90 nm.
The shells of Ag@SiO2 were more porous, and the hollow spac-
es more commodious. This observation was consistent with
XRD results (not shown), in which the XRD diffraction of the
SiO2 shell was weak in the pattern of Ag@SiO2 and strong in
that of Au@SiOa.

3.3. Catalytic reduction of 4-NP over Au@meso-SiOz obtained
through the “shell then core” approach

The blank test indicated that 4-NP could not be reduced in
the absence of catalyst, even after 24 h. 4-NP underwent con-
tinuous reduction upon the addition of Au@meso-SiOz ob-
tained through the “shell then core” approach (Fig. 9). The in-
tensity of the characteristic absorption band of 4-NP at 401 nm
decreased with increasing reaction time. The intensity of the
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Fig. 8. TEM images of Ag@ SiO2(a) and Au@SiO: (b) obtained via the
“shell then core” approach, and size distributions of the Ag (c) and Au
(d) cores.

4-aminophenol absorption at 300 nm correspondingly in-
creased. 4-NP was essentially reduced after reaction for 28 min.
The reaction rate constant was obtained from the time de-
pendence of absorbance at 401 nm.

Figure 9b shows that the reaction was first-order with re-
spect to 4-NP. The rate constant was determined from the gra-
dient to be 1.69 x 10-3 s-1. After reaction, the catalyst was iso-
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Fig. 10. TEM image of Au@SiO: after four cycles.

lated by centrifugation and used for three further 4-NP reduc-
tion cycles. No deactivation of catalyst was observed. The used
catalyst was finally isolated and analyzed by TEM. The image
(Fig. 10) suggested that the core-shell structure was main-
tained. The Au@meso-SiO2 core-shell catalyst derived through
the “shell then core” approach was highly active and stable.
4-NP could efficiently transport through the mesoporous SiO2
shell to adsorb and react on the core surface.

4. Conclusions

The “core to shell” and “shell then core” approaches were
used to synthesize Ag, Au, Pt@SiO2 core-shell nanostructures.
In the former, Pt, Ay, and Ag cores of 6-9 nm diameter were
prepared by reduction in ethanol. The surfactant MUA acted as
a stabilizing and structure-directing agent, stabilizing the metal
NPs in water/ethanol and inducing SiO: shell formation on
cores through a modified Stéber method. Separating colloidal
material from solution by high-speed centrifugation was not
required. Employing Ci1sTMS allowed the mesoporous SiO2
shells to form, which facilitated metal-SiO2 interaction and re-
actant diffusion. Catalytic CO oxidation was carried out over
Au@meso-SiO2 obtained through the “core to shell” approach.
The SiO2 shell porosity significantly affected catalytic perfor-
mance. In the “shell then core” approach, mesoporous SiO2
hollow spheres were prepared by hydrolysis and condensation
of TDS and TEOS. Au and Ag cores of < 10 nm in diameter were
formed in-situ and were predominantly deposited inside the
SiOz spheres. The liquid phase reduction of 4-NP over
Au@meso-SiOz from the “shell then core” approach indicated
minimal diffusion limitation of 4-NP, and high activity and du-
rability of the core-shell catalyst. Employing Si sources with
differing functionality allowed the SiO: shell and metal core
properties to be modified with the two approaches, which is
beneficial for application.
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17 e BBl 2 _E T, SEGORKL T 7 5 B 2R, AR £ 3L
FERFPE. Rl £EVF 22 N U, #ESRGORRL T AR
TIIRE, IR S 9KERH & SO TR B R

i

JE BT TR L, B R A% TS F AT e B (R F 7T A0
SRz . BT AR RS B 25 M 8 NATTRENE A 20
KRUE LR RRGE A6 RTAH BREAT Vvt AN Y 2k, AT A A%
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FEBOR BAIR0 2 ik V50 B A LIRS TE L
IME. IR, I A8 OK 2 2 350 AR 0 AR 5 2 28 pliA%
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70 55 R AL A R R 1R A AT P ORI TR AL, R T i
mé&E@s B, &R@E ™). &E@mA R,
ElR@E Y R ER@n TR OV SEAF R 54
FRIIAZ e SR AT, DASCBATIAE 1 22 R A s I H ) 1
)EH[”].

SiOfE RN —M G A RS 2] T T2 7. —
J7 T, Si0, B AT & (i Fa e 1, v] LA 2o (R4 4 8 A A%
R 1 AR, T LRSS 2 FLRR 2 v] LUIRAR,; 55— J7 T,
SiO Rt SR AL BEARILE AL AER, 7T
TEAEW) 5 TR 70 EK, 11 HLS10, HT SR 1A 25 5 15 2.
XA 15 S10, A BSUPE R OK A AL R THD 12 ot I (R 4 42 s Y
WM B I — R R AR 3. SiO, 3 1 4 4K itk
W)z M S IR AR S MR R AT 20 A i
JE-BER A R T ARER . RF &R MR s
U202 = Al AR R R R R 25
KKLF, T FEUE & S R & A K= A, Frild
LK R-46 4 T DL BB EESIOL 2. AR, SRR gk
L D) 55 L R e IR ) AR BRI Ak
YT G JE AR R K M, A REA A ESIO 2. A Rl
FELCEEE 24, HL & 50 R M3 % . Graf %P1
F 2R Z )t i e BR (PVP)VE B U 7715 Bt <6 i 4 KR
TG, Z 5 RIE T Au, AgZs 48 X ALO,@SiO,
WS I I &, SR1, XERIARE/IN< 8 nm)ff 4 )& Mtk
T3 LA £ 1% 56 2544 . MatsuuraZEPOSR B 75 e ik =
B Ak KE(CTAB) M & e A 2544 5 [ 751 48 7K AR Hh Ak
H 6 IR @S0 A% 5 M B, 1M1 4 75 15 B IR RE 7 1R
PERLAE, M LRSS 2 B A LGS, BRI TH Bk . 28
1% 7 V26 RO TR, 75 2 ol B 0 4 B8, BBk
il & AR LL B . Bk, A HRIE R AR ELIRE &
JG B U KAZ T AR, AR S WO AT, R R T
SR R I 78 55 FH K A LA SR AN SR T 3 P 771, A DA
5 A v HLJE R EE M

Huang % PR FH - — B B 1 e 71, Jdd A AL
FH I BE B il 6. 3nmAwiRL, - HE— 20 R 1-3i 2+ —
FE IR (MUA)E N R ISR 7, 8 Aufiir: 2 R 58K 1,
P i S Stober 77 A A H Au@SiOa 1% 545 4, PR
YBUMERI SV . AN AU % SRS 2 — R HEER
MUA, BEAE e e 75 AR B, o 2548 - — B,
HAE CBEAA B R G il 4 98 K R, P76 - 7K R
A A R R P Stober 7 VA HEE B R PRI AE L
— 2SO, % 2.

K% 58 25 A6 A 1) 4% 38 8 SR IR Sk S5 52 1 7 k.

BT 40K & 8 A% R0 RS /N, 3R T RE &, Bt DA % Hi ok
(1 465 e A% VS TS R EE ALK, 1] 4 03I, AT A SR U 55 AR
RedaFeE L &Ik, Bl Jad i Sio, e 2, SR G 5
NG JBAKN. HahZePS20R A 28 56 = W ek Joe /e
PR, B VAT pHAE, TS 0 Si0,BR, 4R J5 R
FEIR T, A R AR I A 78 2 0 Si0, /2 N, T
NIKE R Cu® I8 SR B Cu iR 1 7 i P A% 4B i 1. B
B R-E JF IR A A R Cubl T Kok, BR, %7
2R A I 5RO SRS R AR, 75 T B4 oK Cut% 11 1]
B, A K& B Cud & B8 116 72 2 SN 8 5 FE i A
Si0, 76 J7 4 R, &5 4435 53 1t M DLERAE. 32 3, Chen
PR Je Tan %P Bt <5 52 5 A% i A2 AT itk R
F3-(2- 2 £ 5%)-3- % 4 2k W A Ak e (TS D) A IE ek 1R DY
L EE(TEOS) P P EETE, & Si0,@TSD+Si0,@Si0, ¥ L
JEREFELER, SR )G FEFHFZ th, R AS [F)RE 2 %1 il 2
AN [E) Z2 g v ) 2%, B 24 TF ST0,@ S0, B 3 B i e &5
P, FHELHFZI 0, T2 R Sio, 25 D ER. | 76 25 i Y B
KM EH KR EEEREE, INNE R HAUCL, 7]
A JE A7 38 SR R Au gl oK R 7, H Auwki K/ o] i it
HAuCL K BT IRAS. SRT, BT 250 Si0, 3K 7 il i HF
2P A3 2, A RER B LA e %, 0 H RS K U7,
BABRI R R, AHE 78 1 61 % SR 8E 2 — 2 Ju i HF
Z, B RO B 20 A5 IR SI0, BR, AR e i i R
PR RIS B K AU AgNAZRL T, DRI, ARBFR ISR B
GG RS SE JE R PR R AR, SR A AP IR
11 4% B> B Pt, AuRl Ag@Si0, 90 K A% 75 454, 41 v & ik
R, TR I B AR ) £ AR, DA e B — s A idE PR 1)
& B @SIOAZ TR I & 7. ARSI A&
il % T B 5 i FIM@SIO, (M = Ag, Au, Pt), Jf i HX
Au@SiO1E AT MR RVIEH 5 T AR, KT H
“He A 507 IR 15 H) 4 ) Au@meso-SiO,, 1% £ - [ A i
WA COTREE BL, T fif B A% e S5 i 9K Au i) A e 1
E R, X THEREEZ ERH &N
Au@meso-Si0,, 1% 5 ¥ - [ A7 /6 14 18 J5 X A 2 3 (4-NP)
PREF OB, T fg A FLSI0, 60 58 = RHBAR S B o 74
FRC R i1 P

2 JUAE B, FRATTIE I ) % — R A E A K KL T
Hij 4 (12 3% Fe, 03, NiO, Co;0, fTRuO, %), 144 H: I Sio,
FALO, %52 E A5, S5 R A Z0L S5 il % T M@Sio, fl
ALOs % 72 25 ¥4 3 L 188 47 i B FR e i 4 B 8 55
JS7 230 5 BATT R AR FEAS [ (R 0, AR FE 0 K I 7 )2
AFERIEEEA T FEBSE .
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2. SEERSY

2.1. “FRETE R

T SEAE ORI AR ER THAZ R FAAE R, 8 i VA 3 SR
SN By R 4 B AR RO, P38 2P [ Stober i il £
SiO, 7 2. KM 1-Fidk 1+ — R MUAV/E R AR e
Y B LI -KIR B TR A, AgRIPEKRL T, 315
FSI0.7E & JBYPKR R T ST 2. R KA FL
A 5T 2 FLRR R, R AR A% T 45 M T U BE.
2.1.1. Ag@SiO, 1% &

7£30 ml 2 B %5 7 7 i N4 mg AgNO;F11 mg MUA,
T = B T B 10 min, 285 ¥ 05 mUBT 1] £ (F NaBH, %
(8.0x107% mol/L), PRIk 5 FF 10 min, 752 275 7 i €4
SEZ TG AR RRR AL, Ut B Ag Kb T A2 . FEm
A2 ml NH;-H,O 110 ml H,O, 4k 42 £ 10 min, 7] U %2
FIVE AR FFIE W], LT YA, 2218 % 0 10.5 ml
TEOS# (0.5 ml TEOSF110 ml %), #ii £#:6 h, fx &
B AR T E T HAE Y, 7680 °C R & K3 h, 15 B &7
).
2.1.2. Pt@SiO,9%%&

£ 30 ml Z, B ¥ 9 7 0 A\ 1 ml H,PtCls'6H,0 ¥ ¥
(1.93x10% mol/L)#10.5 mg MUA, T = i T #¢ £ 10 min,
BRIG5> =R FLIH IN4.5 mUE i % AINaBH, % i (8.0x 102
mol/L), #7530 min, 7] W %% ) 75 0 TR B (08 T
ARG, UL A PR F K. TR N2 ml NaOH
YEWL(0.625 mol/L), it #E 10 min, 7] W 2L 2V A ITIE
WA R, AR G B 0 (4000 r/min, 5 min) BE 3 B E 30
min, 73 % H B AR GTUE YD, 7502 ml NH;-H,0, 10 ml
H,O 130 ml Z. %, 45 £:30 min, 7] W82 2T Lo B
ZIEN, F 22180 IN10.5 ml TEOSIE (7 0.5 ml TEOS
F10 ml %), 55 16 h, 5 208 I8 R 8 T b, 78
80 °C N 7&K 3 h, 1 FI &),
2.1.3. Au@SiO,f0H%&

£330 ml Z, B 5 0 N 2 ml HAuCly 4H,0 % i
(9.7%107° mol/L) #12.0 mg MUA, T % & F $it £ 10 min,
SR 5 T N5 mUET ) % i1 NaBH, 74 7 (8.0x 102 mol/L), R
A FE10 min, AT SR BRI AR TN,
B AugH KRR TR B 7535 B2 m1 NaOH (0.625 mol/L)
VR, EPE10 min, WS BE WA UTIE Y A B, 2R )
i B0 43 B (4000 r/min, 5 min)BX# i B 30 min, 7 & H
I 44 YT BE 4, T B0 N2 ml NH;-H,0, 10 ml H,O #1130 ml
EtOH, $5#£:30 min, 7] W5 B PTIE ) X7 #5203 M, P28

2 3% 110.5 ml TEOS¥ (0.5 ml TEOSAI10 ml Z.F¥),
i HE6 h, f A ARV E T A b, fE80 °CF 28 K3
h, 15 2R 471,

2.14. SiO,FEM M4

A5 B S Au@ i fL-Si0, TPt @ £L.-Si0, 1% 5% 45
Fap Rk AR, 2 e — AR IR TEOS IS [A] IR i
AN ERC g TMS, JFEATHE)Z FLBR R o k.

22. “SeEEIZREE

3 3 AL R 2 ) % H S0, K & D BR, IR A
[ P Ak Y0 L HEATAB MR, & B B A 5538 JR 14 1 A AL
SiO Kz 0Bk, SR S5 P I SR A7 0 R T VA g R
AuflAgZE NIRRT
2.2.1.  FLSIOFRAE &

2 W87 K A Fp 1) 26 A FLSI0, BR 1 7 57 4% 25 o0
SiO, Bk . 7E 100 ml H,O # 43 51 1 A 0.2 g CTAB, 40 ul
C1,-SHF10.7 ml NaOH (2mol/L) ¥ ¥, 7£80 °C T 4t $£30
min, f# H 43§04 4); K2 ml TEOSA10.1 ml TSDE T5
ml L, RG] Ja POERERE T T A B ik
Wb, SR A AR ERIE G B3 hE, BEd s
I3, HR R AT YILE100 °C M EIRHET
22.2. Au@SiO,HHI%

H20.2 g7 0 SiO R i 3 51 43 i T-50 ml H,OH, i
A4 ml HAuCL ¥ ¥(9.712x10° mol/L), £ = & T A 1
h, SR 5 FEES0 °C T B 3 h, AI WL 82 B3R W i vk 3% (3%
AR R 4L £, TR B 0 49 B8 (4000 t/min, 30 min) -
T°100 °C T EIR KT
2.23. Ag@SiO,RH&

H20.2 g% 0 SiO, 1 it 3 29 43 B T-50 ml H,OF15 ml
CIEIRAWT, TEINNO.1 g AgNO,, #E75 AR, SR G 1E80
CTE IR KV A i £ 12 h, AT A 2% 375 0E B M FL A AR
IR B, T 043 B (4000 r/min, 30 min), 3 T 100 °C
E T
2.3. MRIFERAE

BET bt 2 TH A € 7ENOVA-1200 %4 #4 4 47) H 5 1)
MR _EFREAT. BERT300 °CF B3 b, N B - it Bt 7
—196 °CHEAT. X 4547 5t (XRD)7E Philips X’Pert MPD
Pro 28 X 4 26 A7 4 A% _E AT, Cu K 4 22 (A= 0.1541 nm),
R PR AR, XU LR HL R 940 kV, HLJE V40 mA,
5 3.0.02°, 37941 75 FE 10°-80°. 3% i FE 55 (TEM) M 42 75
JEM-1010 TEM A3 5 B g% EadkAT, HL 580 kV.

2.4, ELMEBEITN
X T CO%EA [ B, fHEAL 77 F 850 mg (2040 H), X
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R CO R & < (1.4%C0 + 98.6% 75 7<), it i 25
ml/min, 253 (SV)30000 cm® h™' ge, . SRR AL 7
FE i 4 T 550 °C K5 582.5 h, B G AR H AE 2k i
(GC122F (A A ) KG M, Poropak QAGINAE, F4 S 46 I 2%,
E4diHe# K.

XF AR R E R M, ER/ T, ¥ 10.0mg
Au@SiO, 4 B E S ml H,O 1, F i A\ 1 ml NaBH, (0.3
mol/L) ¥ ¥, 4t £ 10 min £ 4 2], T I A\ 0.2 ml 4-NP
(7.62x107 mol/L), PR Fi $ 2 75 TR 3 (8 N TE .
SN R AR R 3 minBRO. 1 ml 2 B, I KRR 24 ml,
HAEUV-Vis 73 o6 BE T e IR W v o AR Ak, FE405
TR S R VG

3. ZR5WE

3.1 “ERZER R EM@SIO, (M = Ag, Au, Pt)

H T 5t & B IR AR 1R 11 5 26K B e B>, 267K
PEBLES, BT DA BN\ 28 1135 P 70 sl fek Joe A G ) e L 3%
AT Stk Ay B O 2K, JA1T &8 4K
TR BT IIAMUA, BEAE 4 @ 9K R A e 71,
AR R G G 1 76 4 e R T AT SO, N4 e AR
TSR, TS0, 72 2 RE 25 &) M 78 56 76 4 Jm 2R 1 1.
P TATET AN, X 2 B ORAE BV T b B R FIMUASE
P FIAFE A RN T 10 nmI &R gk 7. F1
N Ag@SiO, ¥ 5% 45 4 (I TEMIR Fr K Ag % ki 4% 4y Aii 1,
H o AgtZ ki 42145 R~ 5.7 £0.5 nm, SiO, = & B 1E
40-50 nm, FEA 2 A% B wk IR I

N T BRIz G BSOS AR A — 8 1S T, 4% B R A
(145 b B8, B % T Au@SiO % 54k 45 7y, 2
FiR. Aulz FEIRSFNT.S £ 1.0 nm. #8058 45K 23
g, — 58N & 2-31 Aukis, {HAukl
HAR BT —A KR, AR SIONN 8 b, ek
fitt b, 33 A FLFIC s TMS([C1sTMS]:[TEOS] = 1:8)
B — 2 A2 SI0, 58 )= AL 2, i & B A N LA 1)
SiO, 7 JE (MR BAA 5T 2, WER2b AR I F). i il &
Au@micro-SiO, fll Au@meso-SiO, it W B 25 I 28 (K 3a),
AT E 2TV, J5 38 B DN, HIFARE
fiE, 1R AT B A% e R T B HE R FL. B BIHE B 2 1Y)
A FLAR AR (EI3b) i — IR 5 An] LA LAR A A
1£2-3 nm, AN]RER A% Fe R % B HERR AL, DRI I B
T HSIO 7 R I FLEE K T AT & 7E 1-12 nmiE Fl G W]
BB A, AN, Au@meso-SiO, ) EL % 1H #114368.7
m’/g, i & T Au@micro-SiO, [ Lk 2 T £ (35.3 m/g), Hi

T ZEH AW RZAKL T RSP AR, HEER AR ) 2 2 72 ety
T A b S e HY 17 S10,5¢ E LR AR WY 2 v T 4

H B4 0] LLA H, Au@meso-SiO, AL TG 1 & 2 =
T Au@micro-SiO,. Hii# AL 5 14 Al Stucky Bf 77 41121
RIE 6.3 nm Au@ = 0 ZrO 4% 52 M B (AT TR 52800 °C K%
FEALF) AT ZEL. H T Si0, A1 ZrO, f& A il i Ji (1 4504k
W), Rl 5 EH AT I8 JE AR AL PR Au/TiO, Ml Au/Fe, O 14 5
FHEE, FUGIR TR PEAS SO0, R1, Si0,MZr0,58 =
£, 25 1R 99 0K Au i 10 71 1 2 2 RF AU T I (550-800
°C). PURELE, 1M M) TR K Autk R, — 5 T L% 1
SRZVH T AR RIS G 45 5 — i BT 5 3 Au
WL BV &, RIS 5 2 =R N #AE K AR Akl
TR MOEE R BN R K Auth R —
AN 7R e ab B, TE M A DL K R ) AR RR R
Au@micro-SiO, f]Si0,7¢ )= FL B AR, 11 H.SiO 72 B 5
AR T O AF FH it 58, B0 CO/O,ME LL Bk Awk 2 T 7 &
N HE B Au@micro-SiO, Al Au@meso-SiO, i XRD
W (EIS)RT LAE Y, BT Aukx FIXRDUER 55, 17 HLBE I
R o AutZ ) RST AR 203X Ut B AuZ AT S U
SIHAE IR 2 T Auki RFI 2 7. A RE T SiO,
2 R U, X %5 Aukz A AR IS5, T
Au@meso-SiO, 18I0, 7% )= i A, Au-SiOMH HAEH 85, X
W2 5 5 Atz K AR AH BAE R, AT 77 AR B Sk 1) A G U
(20 =138.25° 44.46°, 64.69°, 77.71°).

DUFA R A B I, FRATT 1] 4% T Pt@micro-SiO, 1
Pt@meso-SiO % ¢ Z5 M KL, TEMIR (B 6) &R, Pti%
PR N8.6 £ 1.5 nm. Pt@micro-SiO, 1% 76 45 #4
P2 2 A%, A BIPUZ KL T 1 ] SRR ZE L AuiZ b 7
&, H Si0, 7% 2 75 48 2 B 4y /iy bl 3R T A
(Pt@meso-SiO, = 247.5 m*/g, Pt@micro-SiO, = 67.6 m?/g)
DA B N, W ot B 45 I 2 0 2 (&1 oK 7t ) I SE T
CisTMSTRAESIO, 7% /2 A R, Bk kG, AT 7t ekt
(S t% JG 72 & BUORIE BE 1% 1 Th i % Ag, AuMPt@SiO,
e g M, AR RSF < 10 nm, FiF R~} A, Sio,
B2 5], iR C s TMS T FL5), 7T LLAT 2% i 48
Si0,7¢ )2 FLBR K LA I Au-SiO. A H.AE I, i & F T 1%
R 2 T S SE PR AT
32. “hREZEREEEZEM@SiO;, (M = Ag, Au)

3.2.1. TSI FRE &

70 Si0, BRI A LFE 5 C,-SHRICTAB# Y AH 5.
Co-SHAZ M /K ME 43 1, B SR B I 75, 34893 Cp-SH 2>
Bt L HIE PR C,-S, 7 H 5 CTA" B il ik i Fa/F A
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TEBGE 771 SR B, IO BUE /KA . TEOSTE
TR W R K AR TE B S10. 3 W, 5 C1o-S /CTA 8 51
EEWHMCTA K& B HF, AL M
Ci,-S/CTA #4r T A1 _ETEOS[AIN L B R A, T A
FLZIRSiIO K. 7E1Z B 2, 7K 1 4 1 Crp-SHAE
KR 5 CTABAR BAE Y S FL, F6A R &
CTABZE TH i P 77 I BZ K R, B 88 47 5K A FLS10, 3R AL
KN KA FLSIO W IR 22 IR TE LI - /K IV R 43 B0
fiRt, TEBS 020 B, B 2:Co-SHATCTAB 2 I 3 11 771, B 2%
B3/ FLSI0, 25 0Bk,

XoF BT 43 25 40 S10, BR 3k — 25 1 8 I Wt B 5 3L 28 A
LA A, BT AT, 25 0 SIO, BR 1 b % 1 N 533.9
m®/g, W PR - PR 505 2 s SR [TV Y, Ui B AT A LG
}4, I BIHIE MR Si0,5¢ 1 FLAR 7 A 7E3 nm A 45 (K 7b).
3.2.2. Au@SiO,F1Ag@SiO A AL

SiO, A B AT I IR M, Toi5oKs 4 I h 2808 5 Rl LT,
D] 75 X Si0, 40K e 2 s — D AB M e . AR FAiE
F— € BTSDAE NREVR, B TR H TSDIZK
fift I 22K T TEOS/K M # Z2, Jir AFE SO BRI BT, K
#7r KTSD 5 /> B TEOS L [ K it 4 & T N /=, Bl J&
S £ R HTEOS/K M4 & T 1, e 4 T% A FLSi0,
20 ER, BT L4 K3 72 —~NH-CH,—CH,~NH, 3 F 17 7E T
WAZALE. BRI, 99K &8 R K5 7 7E Si0. Bk N s 15
PLIZ J5 AT T FRM @S0, 4% 52 45 7. I8 Sk % e 1%
M2 15 (1) Ag@SiO, M Au@SiO, 4 K &5 ¥4y (1 Fo B 1 A
AT DL B, Aghhi7F 34 RS J28.0 £ 1.0 nm, AutZbi ¥
TR N85 +£0.9 nm. Si0, % 0 ERAME N 80-90 nm,
L K2 B AR, AT Si0, 7 2 oA B, 25 s
K, X RS I XRDE BT SRR A R ) fr
SiO.4H 73 (145 5 A% 55, T Ja 5 B35

3.3. Au@SiO, L4-NPELIT R E M

TEA HEALTIRT, 24 h Py A& WL %% 2 4-NP# NaBH, 18
JR. 98 7RI\ Au@meso-SiO, )i, 7401 nmAkf{]4-NP
R AAE R VAT U AN BT FAATG, 5 bk [ Bsf 6 0 5 1) 72300 nmAh )
REAIE W WAV A BT vy X6 I 5 4-NPAS W7 49 3 Ji e %o
£, 28 minJ5, 4-NPEAY L JH. @it & FE 5401 nm
A0 e WS e R I IS 1) PR AR A, RT DAAS 1) e 7 3ok 6
45 R E9b .

FH PEI9b ] KIZAHE Ak s B 4-NPJ& — v, it 1
HELR RGP IEREHON1.69 x 107 s RMLEH
J, AT Au@SiO, 38 it 55 00 43 B8 I 55 B A FH 3K, 1AL
FITYSRORFFAR [R5 PE. 5 S5 A 770 7 i 3 R A (B110)
LIRAu@SIO, A% Fe 45 145 DL oE BEORFF. @l AR AL
I JF4-NPREA! [ N AT LA H, Au@SiO.1% 7 45 i A LR
AR fEAVERE, HAE M BRI, RN TREH 2
i BOEIE SI0,58 2, HEAEAutZRL T 13 T Rk A= AL 3%
1k.

4. %0

RIE T SO B etz g 52 o 7 Ja B i@ AR ) &
M@SiO, (M = Ag, Au, POZFLE. if —@& & & E N
A% 0T L33 i 75 6-9 nm, K45 43 A 35 21, Si0, 5% J2 4L n]
W, AR &I AR, O SO 5, WA R
L& AR, 5B RIS AR T S5 1 N A% SRR
Al DA I 7E< 10 nm, RifE 50 A3 5], HSi0,7¢ 2 fLI %
AT AT, RIS AR 7RO At mT A 80 B S A4 T
BRI, PRI AR TS A e 45 M 35 B s B S, d
RS A AR LS REIRER, 7T XA FLSI0,58 2
BEAT 3E— 20 o, #h e SR 00k, BRI B A ARG i 7E
JF i 5.
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