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N
anorods with tunable aspect ratio
have great potential to show
unique optical,1,2 magnetic, elec-

tronic, and chemical properties on the ba-
sis of their anisotropic structure. Several
synthetic methods exist for preparing me-
tallic nanorods, including electrochemical
deposition3 in hard templates,4 photo-
chemical synthesis,5 and seed-mediated
growth. Gold nanorods with controllable as-
pect ratios from 2 to 25 have been pre-
pared by seed-mediated growth proce-
dures (SMG).6–8 Recent mechanistic and
kinetic studies showed that the final struc-
ture of the gold nanorods was determined
by the crystal structure of the gold seeds9

and that the nanorod growth rate deceler-
ated throughout the initial growth phase.10

The seed-mediated growth procedure can
also be adapted to grow gold nanorods di-
rectly on flat solid surfaces by using seeds
immobilized on the surface.11,12 The seed
particles were believed to first grow to a
minimum diameter of 17 nm before nano-
rod formation is initiated on a solid sur-
face.13 However, the diameter of gold
nanorods prepared by SMG slightly in-
creases with the aspect ratio. Recent stud-
ies have shown nanorod properties depend
on both length and diameter, not just as-
pect ratio.14 Therefore, it is highly necessary
to develop a procedure to fabricate length
tunable gold nanorods with exactly the
same diameter.

The channels in mesoporous materials,
typically with diameters of 2�30 nm, are a
class of promising templates to synthesize
nanostructured materials15–17 by control-
ling the pore size and structure18,19 using
different templates20 and synthesis
procedures.21,22 Gold nanowires have been
synthesized in the channels of mesoporous

SBA-15 by hydrogen flow reduction23,24

and electroless reduction.25 Because of the
well-defined ordered porous structure of
SBA-15, gold nanowires formed in the chan-
nels of SBA-15 have a uniform diameter
which is normally smaller than that of the
nanorods prepared by typical seed-
mediated methods, especially for the case
of high aspect ratio nanorods. However, the
length of those gold nanowires are not
well defined because the narrow channels
in SBA-15, a few nanometers in diameter
and several micrometers in length, are not
an efficient mass transfer system,26 which
makes the choice of reducing agent an im-
portant factor for the synthesis of gold
nanostructures within the matrix. Both the
high-temperature hydrogen flow23 and the
hydroxylamine used in electroless reduc-
tion25 are relatively strong reduction
agents. A fast reduction of the gold precur-
sor in an inefficient mass transfer system

�w This paper contains enhanced
objects available on the Internet at
http://pubs.acs.org/journals/ancac3.

*Address correspondence to
rrichard@mines.edu, zli@mines.edu.

Received for review March 6, 2008
and accepted May 25, 2008.

Published online June 24, 2008.
10.1021/nn800137x CCC: $40.75

© 2008 American Chemical Society

ABSTRACT Uniformly distributed gold nanorods in mesoporous silica were synthesized in situ by performing

a seed-mediated growth process in the channels of SBA-15 which functions as a hard-template to confine the

diameter of gold nanorods. By changing the amount of gold precursor, gold nanorods were prepared with a fixed

diameter (6�7 nm) and tunable aspect ratios from 3 to 30. Transmission electron microscope and electron

tomography were utilized to visualize the gold nanorods supported on one piece of SBA-15 segment and showed

a fairly uniform 3-dimensional distribution of gold nanorods within the SBA-15 channels. The longitudinal plasmon

resonances of the gold nanorods/SBA-15 composites analyzed by diffuse reflectance UV�vis spectra were found

to be tunable depending on the length of gold nanorods. No significant decrease in surface area and/or pore size

of the composite was found after growth, indicating the growth process did not disrupt the open mesoporous

structure of SBA-15. The combination of the tunable size of the nanorods and their 3-dimensional distribution

within the open supporting matrix makes the gold nanorods/SBA-15 composites interesting candidates to

systematically study the influence of the aspect ratio of gold nanorods on their properties and potential

applications, i.e., catalyst, optical polarizer, and ultrasensitive medical imaging technique.

KEYWORDS: gold nanorods · SBA-15 · composite · tunable-size · in situ · electron
tomography · seed-mediated growth
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may result in an irregular growth of the nanorods. How-
ever it is quite necessary to control the size of gold
nanorods to get 3D-gold nanorods in solid matrix. Both
theoretical calculation27 and experimental results28

showed the 2D periodic arrays of nanorods are high-
quality polarizers due to the interactions between
nanorods, multipole contributions, and formations of
photonic gaps. Therefore it is quite reasonable to ex-
pect some interesting applications as optical polarizers
from the well-ordered 3D gold nanorods in porous ma-
terials as compared with 2D nanorod arrays on a flat
solid surface.

In this paper, we have investigated the application
of seed-mediated growth to form well-defined nano-
rods embedded in the channels of SBA-15. By using an
appropriate synthetic approach, well defined gold
nanorods could be prepared in the SBA-15 channels,
and the length of gold nanorods could be tuned by
changing the ratio of seed to gold precursor. The forma-
tion of gold nanorods and their relatively narrow size
distribution were confirmed by both HAADF-STEM
(high angle annular dark field scanning transmission
electron microscopy) imaging and diffuse reflectance
UV�vis spectroscopy. Electron tomography was used
to evaluate the 3-D distribution of the gold nanorods in
the SBA-15 matrix. The results showed that the nano-
rods were well distributed within the channels, all
roughly parallel to each other throughout the small
SBA-15 segment where the curve of pores is normally
not significant. This makes the gold nanords/SBA-15
composite an interesting material for optical and cata-
lytic applications. The gold nanorods/SBA-15 compos-
ites can be treated as gold heterogeneously immobi-
lized on silica. The catalytic units are well-defined gold
nanorods with fixed diameter and tunable length which
have a strong contact with the walls of the SBA-15
pores without blocking the open system of SBA-15
due to the existence of micropores perpendicular to
the main pores in SBA-15 material. This makes them an
ideal model to study the influence of shape and size of
gold nanoparticles on their catalytic activity.29 On the
other hand, the gold nanorods/SBA-15 composite can

also be treated as gold nanorods “suspended” in silica.

Compared to the gold nanorods in liquid suspension,

the gold nanorods “suspended” in silica have a much

higher concentration and preferential orientation. High

concentrations are required to obtain strong signals

for optical applications especially in ultrasensitive medi-

cal imaging techniques.30 The parallel orientation of

gold nanorods in a SBA-15 segment makes it possible

to be used as a 3D polarizer.

RESULTS AND DISCUSSION
The synthetic approach used to prepare length tun-

able Au nanorods/SBA-15 composites is shown in

Scheme 1. Gold nanoparticles, which are working as

seeds for the following steps, were formed in the chan-

nels of SBA-15 by a simple impregnation method. Dif-

ferent amounts of gold precursor (Table 1) were used to

grow the gold nanorods from same amount of seeds

to obtain different lengths. Unsupported gold nanorods

can be extracted by removing the silica matrix with

2% HF and 1% dodecanethiol as ligand.

N2-Adsorbption data (Table 2) showed decreased

values in surface area, pore volume, and mean pore

size for APTES-SBA-15 as compared to their parent

SBA-15 materials as expected owing to the pore-filling

effect.31 However, only slight differences were found

between the APTES-SBA-15, seeds/SBA-15, and the

three rods/SBA-15 samples because the density of Au

is much higher than SiO2 and the total volume of the

nanorods is no more than 1% of the total pore volume

(calculated for a sample containing 6 wt % gold), which

implied the growth of nanorods did not block the open

porous structure of SBA-15.

The Morphology of Gold Nanorods in SBA-15 Channels. To

study the morphology of the Au nanorods embedded

Scheme 1. Synthesis scheme of in situ growth of gold nanorods in
the channels of SBA-15.

TABLE 1. Preparation Details of Different Samples

seeds/
SBA-15

(g)

0.1 M
CTAB
(ml)

0.067 M
HAuCl4

(ml)

0.01 M
AgNO3

(ml)

0.1 M
ascorbic
acid (ml)

rods100/SBA-15 0.1 100 0.2 0.2 0.14
rods40/SBA-15 0.1 100 0.08 0.08 0.055
rods400/SBA-15 0.1 100 0.8 0.8 0.55

TABLE 2. N2-Adsorbption Data and Length of Nanorods in
Different Samples

SBET (m2/g)a VBJH (cc/g)b DBJH (nm)b length of
rods (nm)c

SBA-15 613 0.899 4.89
APTES-SBA-15 436 0.721 4.88
seeds/SBA-15 421 0.697 4.93 3�5 (spheres)
rods40/SBA-15 400 0.662 4.88 20�30
rods100/SBA-15 372 0.691 4.83 30�50
rods400/SBA-15 410 0.654 5.53 100�200

aThe surface area SBET is calculated by BET method. bThe pore volume and the pore
size distribution are determined by the BJH model applied to the desorption branch
of isotherm. cThe length of nanorods is determined by TEM.
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in SBA-15, high angle annular dark field scanning TEM
(HAADF-STEM) imaging was used, as Z-contrast offers a
better gold/silica contrast compared to bright field (BF)-
TEM. Figure 1A shows the HAADF-STEM image of Au
seeds/SBA-15 prepared by impregnation method. In
the Z-contrast images, the Au seeds appear as bright
dots with a diameter of 3�5 nm in the pores of the SBA-
15. The inset is STEM image of a SBA-15 particle with
the orientation of [001] zone axis, which clearly shows
the hexagonal pores. The average pore distance is mea-
sured to be 9.3 nm which corresponds to the sum of
pore diameter and wall thickness.

After performing the seed-mediated growth pro-
cess, gold nanorods were observed in the channels of
SBA-15. Figure 1B shows an overview of the rods100/
SBA-15 sample. A large amount of short gold nanorods
(the bright rods, which were shown to be gold nano-
rods by EDX analysis, see Figure S3 in Supporting Infor-
mation) embedded in a portion of SBA-15 with dimen-
sions of about 1 �m � 3 �m were observed. Those
short Au nanorods have a fairly uniform size and are ori-
ented parallel to each other. From the BF-TEM inset of
a thin edge of a SBA-15 particle, it can be clearly seen
that the gold nanorods are oriented parallel to the
channels in the SBA-15. The measured diameter of the
gold nanorods is typically in the range of 6�7 nm which
is 2�3 nm smaller than the average
pore distance of SBA-15(Figure 1A).
This suggests that the gold nanorods
are dominantly growing inside a
single pore of the SBA-15. Neverthe-
less, depending on the crystallo-
graphic orientation of the SBA-15 in
the individual (S)TEM image, it might
appear as if the gold nanorods are ac-
tually bigger than the pores due to
the projection of the hexagonal pore
structure, for example, close to the
[110] or [210] zone axis orientation.

The extraction of gold nanorods
from a mesoporous matrix is impor-
tant for the application of nanorods
as building blocks for nanodevices
and to allow further characterization.
Here, the gold nanorods were ex-
tracted by etching the silica matrix
with 2% HF. The Au nanorods ex-
tracted from rods100/SBA-15 exhibit
a uniform diameter around 6�7 nm
and an average length of about
30�40 nm. In addition to the Au
nanorods, a few large particles can
also be seen in Figure 1C. We be-
lieved that those particles formed in
solution rather than in the channels
of SBA-15 and were physically ab-
sorbed on the external surface of the

SBA-15 template. From the high magnification image
(Figure 1D), one can see that the gold nanorods are
crystalline and exhibit the characteristic lattice spac-
ings of gold.

We noted that the diameter of the gold nanorods is
slightly bigger than the size of SBA-15 pores deter-
mined by the BJH model applied to the desorption
branch of isotherm. With the STEM images (Figure 1A
and Figure 2A), it is hard to judge the exact diameter of
pores or the thickness of walls due to the relative poor
contrast. But the average pore distance (the sum of
pore diameter and wall thickness) can be accurately
measured to be around 9.3 nm by the STEM which is
significantly bigger than the typical diameter of gold
nanorods. In addition, no distortion of SBA-15 ordered
pores was observed in the area where the gold nano-
rods were formed. That suggests the nanorods fit well
inside a single channel of the SBA-15 with a remaining
pore wall thickness of 2�3 nm.

3D-Reconstruction of Au Nanorods in SBA-15 Channels. Due
to the limitations of 2D imaging, it is hard to judge
how the nanoscale gold rods are distributed in the lay-
ers of the nanoscale channels of the SBA-15 microscrys-
tals by traditional TEM. Electron tomography32 (3D
TEM) was used to visualize a SBA-15 particle around
0.4 �m � 0.4 �m � 0.4 �m including all gold nano-

Figure 1. HAADF-STEM images of the (A) seeds/SBA-15 and (B) rods100/SBA-15 (inset is a BF-
TEM image at higher magnification); (C) BF-TEM image of unsupported Au rods after remov-
ing silica matrix; and (D) HR-TEM image of single-crystalline domain at unsupported Au rods
(the inset shows the corresponding fast Fourier transform of the area indicated).
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Figure 2. Tomography visualization of rods100/SBA-15: (A) digital slices though the reconstructed volume (the inset is the
fast Fourier transform of order porous structure of SBA-15); (B�F) overall visualization of the gold nanorods embedded in
a small piece of SBA-15 viewed from diffrent directions; and (G) the aspect ratio statistics of the rods.

�w A short movie of the 3D visualization of gold nanorods/SBA-15 which shows the overall distribution of gold, video 1, is
available.
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rods embedded in it (for details see experimental sec-
tion). The digital slices through the reconstructed vol-
ume in Figure 2A show the ordered porous structure of
the SBA-15 matrix with several nanorods embedded.
The inset image is oriented close to the [001] zone axis
in SBA-15 and the corresponding fast Fourier transform
(FFT) shows the well-known hexagonal symmetry of
SBA-15 with the {110} reflections corresponding to dis-
tances of 8.0�8.3 nm. The differences between the ob-
served lattice spacings are related to a slight misorien-
tation of the digital slice with respect to the [001] zone
axis, which results in observed real space lattice spac-
ings that are slightly overestimated. Therefore, based
on the smallest observed lattice spacing, the average
pore distance in SBA-15 is calculated to be 9.2 nm
agreeing well with that of seeds/SBA-15 (Figure 1A).
That indicates the growth of gold nanorods did not af-
fect the porous structure of SBA-15.

In the overall visualization of Au rods100/SBA-15,
the SBA-15 matrix is displayed as volume rendering in
red and the gold nanorods are displayed as surface ren-
dering in yellow. When observed from the view paral-
lel to the SBA-15 channels (Figure 2B), only the sphere-
like ends of the gold nanorods can be observed. With
the rotation of the whole system around the Y axis
(green) the uniform gold nanorods, 40�50 nm in
length (Figure 2D,G), are found to be evenly distrib-
uted throughout the entire SBA-15 portion. Several very
short nanorods can also been found at the top, which
we believe were absorbed on the external surface
rather than formed in the channels of SBA-15. This elec-
tron tomography clearly shows that the uniform gold
nanorods are evenly distributed throughout the SBA-15
support (see video 1).

The Tunable Length of Au Nanorods in SBA-15 Channels. One
of the advantages of using the seed-mediated growth
method is the tunability of the aspect ratio by varying
the ratio of seeds to gold precursor, which makes this
method very attractive since the longitudinal plasmon
wavelength of elongated nanostructures is strongly de-
pendent on the aspect ratio. However, the diameter of

the nanorods also in-
creases with the as-
pect ratio in a typical
seed-mediated
growth process.7,8

Figure 3 shows the
growth results in the
channels of SBA-15 by
using the same
amount of seeds but
various amounts of
gold precursor com-
pared to the sample
rods100/SBA-15. The
gold nanorods
formed using 40%

gold precursor (rods40/SBA-15) were around 20�30
nm (Figure 3A), slightly shorter than in rods100/SBA-15
(Figure 2B-D), while long nanorods (rods400/SBA-15),
typically around 200 nm, were formed using 400% gold
precursor (Figure 3B). However it is hard to judge the
length of gold nanorods because of the influence of ori-
entation which can be clearly seen from Figure 2B�F.
No variation of the diameter of the gold nanorods was
found during the length tuning. From Figure 2C, Figure
S2A and Figure S2B, it can be concluded that all nano-
rods maintained a diameter of 6�7 nm. In Figure 3B,
some parts of the nanorods are significantly thicker
than other parts, which might be caused by the filling
effects. The growth of the long gold nanorods expand
the pores of SBA-15, partially breaking the wall where it
is less solid and form some gold in adjacent pores. This
also explains why the pore size of sample rods400/
SBA-15 is larger than its parent SBA-15(Table 2).

The optical properties of the Au/SBA-15 composites
were studied by diffuse-reflective UV�vis (Figure 4).
Seeds/SBA-15 showed a single surface plasmon reso-
nance peak at 526 nm. The nanorods/SBA-15 compos-
ites exhibited the same peaks around 526 nm due to
the transverse resonance which are slightly blue-
shifted.6 In addition, longitudinal plasmon resonance
peaks were observed at 698 (rods40/SBA-15) and 829
nm (rods400/SBA-15). However, rods400/SBA-15

Figure 3. HAADF-STEM images of the (A) rods40/SBA-15 and (B) rods400/SBA-15. The insets are
the BF-TEM images at higher magnification.

Figure 4. Diffuse-reflectance UV�vis spectra of seeds/
SBA-15 and rods/SBA-15 samples with different length.
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showed only one peak around 520 nm. Because of
their high aspect ratio of more than 20, the longitudi-
nal plasman peak is likely beyond the range of the in-
strumentation. On the basis of Mie’s theory, the plasmon
resonances at 628 and 828 nm indicate gold nanorods
with aspect ratios of around 3.5 and 5.5. Considering the
fixed diameter of those gold nanorods, it can be esti-
mated from the diffuse-reflective UV�vis spectra that
the nanorods in rods40/SBA-15 and rods100/SBA-15 have
an average length of about 20�25 and 30�40 nm, re-
spectively. The relative sharp longitudinal plasmon reso-
nance peak in the spectrum of rods40/SBA-15 indicates
that the gold nanorods prepared using in situ growth
method have a relative uniform length distribution.

Factors Influencing the Growth Of Au Nanorods. Concen-
trated CTAB solution has been widely used in the seed-
mediated growth of metallic nanorods due to its ten-
dency to form elongated rodlike micellar structures33

which are believed to play a role as a soft template in
the growth process. Though we use a hard template in
our work (the pores of SBA-15), the CTAB still played an
important role in forming the gold nanorods with high
aspect ratio and in controlling their aspect ratio distri-
bution. In experiments performed out using the same
procedures to prepare rods 40/SBA-15 and rods 100/
SBA-15 but without CTAB, no gold nanorods were
formed. The gold nanorods only formed after increas-
ing the amount of gold precursor in the absence of
CTAB and the nanorods formed were only about 1/10
to 1/5 of the length compared to the nanorods formed
under the same conditions in the presence of CTAB (see
Figure S4 in Supporting Materials). One of the possible
obstacles to forming uniform gold nanorods in the
SBA-15 matrix is the varying mass transfer resistance in
the micrometer length channels which leads to differ-
ent growth rates of gold seeds located at different
depths within the channels. However this can be im-
proved if the reducing agent is weak enough so that the
reduction process becomes the limiting factor rather
than the mass transfer. Ascorbic acid is a weak acid and
a recent study shows that the presence of CTAB makes
the reduction of the gold precursor a kinetically con-
trolled process.34 We believe that by the slow reduc-
tion of gold in the presence of CTAB, we could elimi-
nate the influence of mass transfer and thus achieve a

3-dimensional uniform growth of the gold seeds em-

bedded in different parts of the SBA-15 channels.

In addition to the importance of the CTAB in solu-

tion, the presence of Ag� is also critical for the forma-

tion of gold nanorods and controlling their aspect

ratios.2,6,7 For preparing rods100/SBA-15 with average

aspect ratio 5.5, the initial silver ion concentration is

15% of the concentration of gold. In the final products,

the concentration of silver is only 7% of the concentra-

tion of gold decided by ICP after digesting Rod100/

SBA-15 by HF and aqua regia. This value is closed to

the ratio of silver/gold in a typical SMG synthesis.34

However ICP measurement cannot distinguish between

any silver in these samples that might exist as Ag0,

Ag�, or AgBr on the nanorods surface or SBA-15 sur-

face. In the experiments without the assistance of Ag(I),

the resulting gold nanorods showed a poor uniformity

(see Figure S5 in Supporting Materials). Besides the gold

nanorods, notable amounts of undeveloped gold seeds

were observed in the channels and overdeveloped

large rods were found at the surface. Ag(I) is known to

significantly decrease the growth rate of gold nano-

rods,9 and we believe it helped to further reduce the ef-

fects of mass transfer limited synthesis. The excess of sil-

ver ions in the initial growth solution implies that this

reaction is kinetically controlled.

CONCLUSION
This report describes a simple method to prepare uni-

form gold nanorods in the channels of mesoporous SBA-

15. The prepared gold nanorods have a uniform diameter

of 6�7 nm and a length tunable to 200 nm. Our interest

in this method lays not only in fabricating length tunable

ultrafine gold nanorods but also in their potential applica-

tion, especially as catalysts and optical materials. The

gold nanorods/SBA-15 composite, with an open porous

structure and length tunable catalyst center (gold nano-

rods), is a promising model to study the influence of

shape on catalytic activity. The high concentration of

gold nanorods oriented parallel to each other within each

SBA-15 microcrystal could be a good candidate to en-

hance the signal for optic applications of gold nanorods

based on both polarized and nonpolarized light. Further

experiments are undergoing.

EXPERIMENTAL SECTION

Materials. Hydrogen tetrachloroaurate (HAuCl4 · 3H2O,
99.99%), cetyltrimethylammonium bromide (CTAB, 99%), and
3-amimopropyl-triethoxysilane (APTES) were obtained from
Sigma. All other reagents were obtained from Aldrich and used
as received. Ultrapure deionized water (Continental Water Sys-
tems) was used throughout the experiments.

Characterization. Transmission electron microscopy (TEM) was
performed at Fraunhofer IFAM, Germany using a FEI Tecnai F20
S-Twin operated in TEM and HAADF-STEM modes at 200 kV with
an information limit of 0.15 nm and a nominal spot size of 0.2

nm. Samples were prepared by spreading an ethanol suspen-
sion on carbon-coated copper grids and allowing the solvent to
evaporate. Electron tomographic data was obtained in HAADF-
STEM mode using a single tilt holder to acquire 151 images over
a tilt-range of �75° to 75°. IMOD was used to align the tilt-
series using a combination of cross-correlation and marker track-
ing. The 3D reconstruction was performed in Inspect3D using
the SIRT algorithm with 25 iterations.

BET and isothermal measurements were performed on a
Quantachrome Nova 4000e. Calcination was performed in a tu-
bular furnace with a ramping speed of 3 K per minute. Diffuse re-
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flectance UV�vis spectra were recorded on a UV4 (Unicom)
spectrophotometer.

Synthesis of APTES-Modified SBA-15 Mesoporous Silica. Mesoporous
SBA-15 was prepared as reported in the literature.35 In a typical
synthesis, 4 g of Pluronic123 (triblock copolymer from BASF,
EO20.PO70.EO20) was dissolved in 120 mL of 2 M HCl at 40 °C un-
der stirring. After fully dissolving the polymer, 0.041 mol TEOS
was added, and stirring was maintained for 24 h at 40 °C. Then
the solution was transferred into a Teflon autoclave and kept for
3 days at 95 °C. Afterward, the powder was filtered, dried, and
calcined at 550 °C for 8 h, resulting in template-free SBA-15. To
modify the surface, 2 g of the prepared SBA-15 powder was sus-
pended under stirring in 100 mL of APTES ethanol solution (1
wt %) for 3 h, and then carefully filtered, washed with ethanol,
and dried at 60 °C. The surface modified SBA-15 is marked as
APTES-SBA-15 in this report.

Preparation of Au Seeds Immobilized in SBA-15 Channels. The Au seeds
immobilized in SBA-15 channels were prepared via an impregna-
tion approach. In a typical experiment, 2 g of APTES-SBA-15 pow-
der was suspended in 200 mL of 1 mM HAuCl4 (aq) solution
and stirring was maintained for 2 h. Then the solid was filtered
out and rinsed three times with deionized water. After calcina-
tion at 350 °C for 3 h, a light pink powder (the characteristic color
of gold nanoparticles) was obtained (seeds/APTES-SBA-15).

Growth of Gold Nanorods in SBA-15 Channels. Gold nanorods were
prepared by a modified seed-mediated growth method. Specifi-
cally, 0.1 g of Au seeds/SBA-15 powder was suspended in 100
mL of 0.1 M CTAB (aq) by stirring in an ultrasonic bath for 3 min.
The well dispersed seeds/SBA-15 slurry was important for the
uniform growth of gold nanorods. A 0.2 mL portion of 0.01 M Ag-
NO3 aqueous solution, 0.2 mL of 0.067 M HAuCl4 trihydrate (aq),
and 0.14 mL of 0.1 M ascorbic acid (aq) were added consecu-
tively, with continuous stirring. To ensure full formation of gold
nanorods, 24 h reaction time was used, after which the solid
powder was filtered from the mixture, rinsed three times with
deionized water and ethanol to remove the CTAB and dried at
95 °C. Finally, a red powder was obtained. This powder was
marked as rods100/SBA-15 (“100” indicates the relative ratio of
gold precursor/seeds). Rods40/SBA-15 and rods400/SBA-15 were
prepared in the same way but with different ratios of gold pre-
cursor to seed in the growth solution (see Table 1 for details). In
the experiment, the Au/ascorbic acid and Au/Ag ratio in the na-
norods synthesis solution was kept constant. The numbers (100,
40, 400) in sample names indicate just the relative amount of
gold precursor used to prepare the samples and does not mean
the actual ratio of gold precursor/gold seeds. With the increase
of the gold precursor to seed ratio, the color of the final product
varied from pink to gray.

To extract gold nanorods, aqueous HF (46 wt %) was di-
luted to 2 wt % with ethanol, and to this solution was added 1
wt % of 1-dodecanethiol as ligand. Typically, 5 mg of gold
nanorods/SBA-15 composite was dissolved in 10 mL of etching
solution. After a few minutes stirring, the solution turned pink or
pale (depends on the length of rods), and precipitation was
found. The precipitation is redispersible in the solution after 10
min of sonication.
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