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N
anopatterning on semiconductor
surfaces continues to attract a great
deal of attention because of the

myriad of practical applications in areas
such as sensor design, catalysis, and elec-
tronic circuit devices, interfacing with
objects of biological origin, and many
others.1�6 The two major patterning motifs,
classified as either top-down or bottom-up,
can be used to achieve nanoscale fabrica-
tion of features on a large variety of
substrates.7�9 Bottom-up strategies are of-
ten inspired by strategies similar to those
found in Nature, in particular a self-assem-
bly-based10 or self-ordering11,12 approach.
Many classes of organic-based molecules
are capable of forming higher order struc-
tures via self-assembly,13�15 and synthetic
block copolymers have, for the past 15
years, become the focus of a great deal of
sub-100 nm patterning for semiconductor-
based applications because of compatibility
with existing silicon-based nanofabrica-
tion.1,16 Block copolymers have enormous
potential for self-assembly-based nano-
patterning approaches due to the broad
range of obtainable structures, tunable geo-
metries, and synthetic accessibility.1,16�30 A
number of groups have been developing
methods to harness the enormous potential
of block copolymer self-assembly for direct-
ing spatially localized chemical reactions on
surfaces.9,31�37 In essence, the block copo-
lymer acts as a template, and thus the
nanoscale pattern of the self-assembled
polymer can be transferred directly to the
interface with which it makes contact.
One approach we have recently devel-

oped is a simple method to generate sub-
100 nm etched patterns on silicon wafers
using self-assembled block copolymer
templates.31 With a monolayer-thick block
copolymer PS-b-P4VP film as the template
material, silicon surfaces can be etched by
HF(aq) to give a uniform, pseudohexagonal
pattern, as shown in Figure 1. In addition to

the nanoscale morphology produced by
this approach, the interior of the pores have
a different termination (Si�Hx) than the flat
areas surrounding the pores, that retain
their native oxide termination.31 As a result,
parallel functionalization strategies should
be possible in which pore interiors could be
modified separately from the surrounding
areas, allowing for the generation of more
sophisticated, higher order structures. In
this paper, we demonstrate the synthesis
of metal oxide- andmetal-based nanostruc-
tures using the selectivity provided by
these chemical handles within, and out-
side, the nanopore patterns. In a first itera-
tion, titania nanostructures were grown
within the pores, and in a second, the pores
were utilized to guide the deposition of gold
nanoparticles via galvanic displacement.

RESULTS AND DISCUSSION

As mentioned vide supra, the amphiphilic
diblock copolymer, polystyrene-block-poly-
(4-vinyl pyridine), here referred to as PS-b-
P4VP, self-assembles on interfaces to form a
monolayer of hexagonal close-packed arrays
of block copolymer micelles. These films
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ABSTRACT Silicon surfaces with nanoscale etched patterns were obtained using polystyrene-

block-poly(4-vinylpyridine) (PS-b-P4VP) block copolymer films as templates, followed by brief

immersion in HF(aq). The resulting interfaces were comprised of pseudohexagonal arrays of pits on

the silicon, whose shapes depended upon the chosen silicon orientation. The top unetched face of

silicon remains capped by the native oxide, and the pit interiors are terminated by Si�Hx. Selective

chemical functionalization via these two chemical handles was demonstrated to be a viable

approach toward building nanostructured metal oxide and metal features within these silicon pits

and on the top face. Using a series of interfacial chemical reactions, including oxidation (of Si�Hx-

terminated regions), hydrosilylation, and alkoxysilane-based chemistry on silicon oxide, the growth

of metal-based structures can be spatially controlled. In the first approach, titania nanobowls were

grown within the etch pits, and in the second, galvanic displacement was used to produce gold

nanoparticles either within the etch pits, on the top silicon face, or both.
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were then used to generate nanoscale etching pat-
terns on different types of silicon wafers, with (100),
(111), and (110) orientations, as outlined in Figure 1 for
the first twoorientations.31 The dimensions of the P4VP
micellar core and PS shell are tunable through simple
adjustment of the molecular weight of the commer-
cially available block copolymers. Center-to-center
spacings of hexagonal packed PS-b-PVP BCPs range
from 16 to 290 nm,31,38�42 and the PVP core diameters
from 12 to 85 nm.43 In this paper, the polymer chosen
was PS-b-P4VP (Mn = 109 000-b-27 000 g/mol), which
on silicon leads to hexagonal packing of micelles with
center-to-center spacings of 110 nm. The silicon sub-
strate coated with the block copolymer soft mask was
then immersed in a dilute HF(aq) solution for a given
time, and then the polymer film was removed through
5 min of ultrasonication in neat toluene. The block
copolymer, PS-b-P4VP, contains pyridyl groups, which
are protonated by HF(aq) to form poly(pyridinium)
fluoride, which etches the silicon in an anisotropic
fashion.31 Etching takes place exclusively beneath the
protonated P4VP cores of the polymer micelles, and
the PS matrix in the copolymer film protects the native
oxide on the silicon surfaces from the HF etching
solution; the native oxide terminated silicon surfaces
remain unetched (Figure 1). Because this etching is
spatially selective, the interior chemical functionalities
of the pores differ from those on the flat, top surface.
This observation means that orthogonal chemical func-
tionalization is possible, allowing for particular functiona-
lization within the pore or on the unetched interface.

Formation of Titania Nanobowls. Monolayers of self-as-
sembled block copolymers have been widely used to

pattern oxide and semiconductor materials.17,44�52 Be-
cause of the importance of titania nanostructures for a
variety of applications, ranging from catalysis, sensors,
and photovoltaics53�57 to biomedical applications of
silicon/titania micro- and nanopatterns,58�61 we set out
to use these ordered pit arrays on silicon as a template
for the selective growth of periodic titania nanostruc-
tures.62�67 As illustrated schematically in Figure 2a for
the PS-b-P4VP block copolymer/HF(aq) etching, the
pit interiors are Si�Hx terminated, and the top face of
the silicon remains native oxide-capped. Exposure of
the silicon sample to an alkylchlorosilane will result in
selective silanization of the native oxide: Immersion of
the sample in a 1.3 mM solution of octadecyltrichlor-
osilane (OTS) in dry hexanes for 30 min at room
temperature led to formation of a hydrophobic
monolayer on the top oxide region of the wafer.68�71

Water contact angle measurements substantiate the
high surface hydrophobicity (110.5�) after functiona-
lization with the octadecylsilyl group; the water an-
gles for the cleaned silicon wafer and the as-etched
silicon wafer are 17� and 50�, respectively. While the
array of pits on the surface will be expected to in-
crease the hydrophobicity above that of a flat surface
(since the interface is effectively roughened),72�75 the
measured water contact angle is indeed substantially
higher than the prefunctionalized, freshly etched
interface, as would be expected for this long alkyl
chain termination. Immersion of the silanized sample
in 30% (w/w) hydrogen peroxide(aq) overnight results
in oxidation of the Si�Hx-terminated interfaces within
the pore interiors, leading to a decrease in contact
angle to ∼90�. The decrease in contact angle would
be the result of conversion of the Si�Hx pit interiors to
a more hydrophilic Si�OH termination following
H2O2 oxidation.

76,77 The insulating organicmonolayer
formed in the previous silanization step is expected to
be stable to these oxidizing conditions.78,79 The sam-
ples, after removal from the aqueous H2O2 solution,
were dried in air, and no attempt was made to dry
them further (under vacuum, for instance), as the
presence of residual water was required for the next
step. Brief exposure of this silicon shard to TiCl4(g) at
80 �C under 1 atm of nitrogen for 5 min results in the
formation of amorphous titania on the surface of the
substrate,80 exclusively inside the etched pits. As
water was present in the pit regions, the addition of
TiCl4 vapor presumably leads to the formation of a
Ti�O�Ti network on these silica surfaces.81�84 After
TiO2 deposition, the sample was rinsed with water
and dried under a nitrogen gas stream. Finally, the
sample was annealed at 550 �C in air for 3 h to form
anatase TiO2 and to remove the residual carbon-
based polymers and the alkyl chains on the substrate
surface.85,86 XRD showed transformation of amor-
phous titania to anatase during calcination (Sup-
porting Information, Figure S1).

Figure 1. Schematic outline of the patterned etching pro-
cess on silicon surfaces. Silicon substrates with native oxide
on the surface were coated with a monolayer of a diblock
copolymer, PS-b-P4VP, followed by HF etching and polymer
removal procedure to produce the etched silicon surface.
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Scanning electron microscope (SEM) images are
shown in Figure 3 to visualize the structure of the etched
silicon interfaces and of the titania nanobowl structures
formed within them. As revealed in the plan view
scanning electron microscopy image of the clean,
freshly prepared silicon etch pits (Figures 3a,b), hexa-
gonal pit shapes were observed on the Si(111) wafer
surface, with etch pit depths of∼45 nmand a center-to-
center pit separation of ∼100 nm. Figure 3c�f shows
SEM images of titania nanobowls. Typical dimensions of
the titania nanobowls as fabricated were on average
55 ( 5 nm for the outer diameter (average of 40
measurements), ∼40 nm for the inner hole diameter,
and∼40 nm for the height. An average diameter of the
inner hole andof the height couldnot bedetermined, as
the shapes were often irregular. Side view SEM images
are shown in Figure 3d�f, in which one can notice that
the tops of these titania nanobowls were several nano-
meters lower than the level of the wafer surface. The
elemental identities of the titania-loaded silicon wafers

were verified by ∼10 nm resolution scanning Auger
microscopy (SAM, Supporting Information, Figure S2).

To demonstrate that the self-assembly of the OTS
monolayer on the hybrid hydrophilic/hydrophobic sili-
con surfaces played a key role in the preferential
deposition of titania, two control experiments were
carried out, as illustrated in Figure 2b,c. In the first
experiment, a freshly etched silicon surfacewasoxidized
with hydrogen peroxide treatment [30% (w/w) H2O2,
overnight] so that the entire surface was terminated by
hydroxyl groups. Upon exposure to TiCl4(g), a contin-
uous∼20 nm titania film formed over the entire surface,
as shown in Figure 3g, the thickness of which could be
controlled by altering the deposition time (for two
examples, see Figure S3). In the second experiment,
the as-etched substrate was used directly in the titania
deposition, as shown in Figure 3h. As stated earlier,
following HF(aq) etching, the interior pit surfaces are
Si�Hx-terminated, and as a result, no titania was ob-
served inside the pits in the side view SEM images; only

Figure 2. Schematic representation of titania growth on etched Si(111) surfaces. (a) Titania nanobowls formed inside the
etched pits on silanized and oxidized silicon surfaces. (b) A titania film formed over the entire surface on a fully oxidized
sample. (c) Titania formed exclusively on the native oxide of an as-etched silicon substrate.
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the flat silicon native oxide surfacewas coveredwith the
titania film.

In order to more fully analyze the titania nanobowls
byelectronmicroscopy, the silicon substratewas etched
back with 0.02% HF(aq) for 6 h, as shown in Figure 4.
Titania can be dissolved in acidic HF(aq) or a neutral
fluoride-containing aqueous solution to form soluble
[TiF6]

2� complexes,87 but with this brief and dilute
exposure, the nanostructures emerge intact.45 If a high-
er concentration of HF(aq) is used, 5% for example,
obvious damage to the titania nanobowls was observed
(Figure S4, Supporting Information). The dilute HF(aq)
etching was carried out to the point when the nano-
bowls are on the verge of total release into solution to
allow for unencumbered SEM viewing of the structures
in various configurations, including plan view, side view,
and from the bottom. These images reveal that the
nanobowls are apparently continuous throughout the
entire bowl structure, including the bottom.

The TiO2 nanobowls can be further functionalized
with gold nanoparticles through a selective UV-mediated
reaction that leaves the silica interfaces untouched. Using
an aqueous 5 � 10�5 M HAuCl4 solution that had been
neutralized to pH 7with a 10�3 M KOH(aq) solution, gold
nanoparticles with a diameter of less than 4 nm were
found exclusively on the titania nanobowls after a 5 min
application of the 254 nm UV from a 5 W screen inspec-
tionUV lamp.88�90During thephotocatalytic process, the
photogenerated electrons on titania surfaces reduce

Au(3þ) to Au(0). Figure 5a�c shows SEM images of
titania nanobowls on Si(111) surfaces and gold nanopar-
ticle-loaded titania nanobowls after gold deposition.
Scanning Auger microscopy (Figure 5d�f) was used to
confirm the formation ofmetallic gold on the titania: four
different sites were chosen for analysis, with sites 1�3
inside the pit regions and site 4 on the flat surfaces
outside of thepits. StrongAuMNNsignalswere observed
in sites 1�3, confirming the existenceof gold, but only an
extremely weak signal was observed from site 4 on the
silica/silicon interface, indicating that gold deposition
primarily occurred on the titania.

Gold Deposition on Etched Silicon Surface via Galvanic Displace-
ment. Since the freshly etched nanopits on silicon are
Si�Hx-terminated, whereas the surface remains coated
with a more inert native oxide, the interiors of the
nanopits should be amenable to electrochemistry.
Galvanic displacement is a well-known electrochemical
process, widely used for metal deposition on semicon-
ductor surfaces.91�99 In galvanic displacement, both the
cathodic and anodic reactions occur simultaneously and
spontaneously on H-terminated silicon surfaces and not
on the insulating oxide interface.91,92,100,101 Metal ions in
solution are reduced by electrons from the silicon sub-
strate lattice, resulting in the formation of metal particles
or films on the surface. The resulting substrate oxidation
causes the formation of a thin layer of SiOx in the case of
silicon substrates. As illustrated in Figure 6, HAuCl4 can be
spontaneously reduced to gold on silicon surfaces in the
absence of any external electron source because of the
overall positive cell potential. Metal deposition proceeds
until in situ formation of the dielectric SiOx layer blocks

Figure 3. SEM images of (a and b) freshly etched Si(111)
substrates, (c�f) titania nanobowls formed on etched sili-
con surfaces, (g) a titania film formed over the entire
surface, which was fully oxidized, and (h) titania formed
exclusively on the silicon native oxide interface.

Figure 4. (a�d) SEM images of titania nanobowls on etched
Si(111) surfaces released through exposure to dilute HF(aq).
(e) SEM images of released titania nanobowls in various
orientations.
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the electron transfer process.While it is unclearwhere the
SiOx layer is formed, it would be reasonable to assume
that it would be in close proximity to the deposited
metal.102

When a freshly etched silicon surface was immersed
in a 10�4MHAuCl4 ethanolic solution for 5min, as shown
schematically in Figure 7a, and rinsed thoroughly with
ethanol and water, strongly adhering nanoparticles of
gold grew inside the etch pits; nometal was observed on
the exterior flat surfaces (Figure 8a) that could not be
removed with aggressive rinsing. The selective occur-
rence of galvanic displacement on the interior Si�Hx

surfaces demonstrated the difference in chemical reac-
tivity between the etch pit interior and the native oxide.
The average size of the deposited gold nanoparticleswas
about 45 nm. Galvanic displacement did not continue
any further with increased immersion times due to the
absence of HF(aq) to dissolve the insulating SiO2 that
forms as the reaction proceeds; without HF(aq), the
galvanic displacement reaction is self-limiting. The gold
nanoparticles inside the etch pits were further character-
ized by scanningAugermicroscopy, as shown in Figure 9.
Figure 9b and c show the Augermaps of silicon and gold
on the same scan area corresponding to that of the SEM
image: Silicon (yellow-green) and gold (green) are clearly
visualized at this spatial resolution. Figure 9d is the

overlapped imageof 9a�c, inwhich thegreen represents
the gold and the blue represents the silicon. Figure 9e
shows a SAM line profile along the red line, and the
relative concentrations of gold and silicon along the line
vary in an alternating manner, as expected.

In a second approach to utilize the SiHx chemical
handle within the etch pit interiors, the interiors were
terminated with long alkyl chains to render them
electrochemically inactive due to the insulating quali-
ties of the organic monolayer, while the flat unetched
top surfaces were hydride-terminated to enable galva-
nic displacement to occur in these areas, as outlined in
Figure 7b. The areas of Si�Hx termination were func-
tionalized via hydrosilylation of 1-octadecyne, produ-
cing Si-octadecenyl groups as was demonstrated in
previous work.31 Rinsing these samples with 1%HF(aq)
to remove the native oxide on the top layer of the
silicon transformed this interface into a Si�Hx-termi-
nated surface. Subsequent immersion of this silicon
wafer in a 10�4 M HAuCl4 ethanolic solution for 5 min
led to metal deposition exclusively on the top of the
silicon wafer and not within the etch pit interiors. The
insulating 1-octadecenyl layer prevented electron
transfer from the silicon to the Au3þ salt, thus hinder-
ing the galvanic displacement reaction and gold de-
position within the functionalized etch interior
(Figure 8b).

As a control experiment, the silicon surface was
rendered chemically homogeneous with Si�Hx groups,
as outlined in Figure 7c. The freshly patterned and
etched Si(100) wafer was terminated with Si�Hx groups
in both etch pit interiors and on the top surface through
immersion of a freshly etched sample in a 1% HF(aq)
solution for 5min. Exposure of this sample to the 10�4M
HAuCl4 ethanolic solution for 5min led to Au deposition
in all regions of the substrate, as shown in Figure 8c,
since all chemical differences between the silicon etch
pit interiors and the top interface had been erased.

Figure 5. SEM images of (a) titania nanobowls on Si(111) surfaces and (b, c) gold nanoparticle-decorated titania nanobowls.
(d) SEM image of a titania/gold-coated silicon surface taken with scanning Auger microscopy. (e) Ti LMM SAM and (f) gold
Auger MNN signals of the four different sites chosen from (d).

Figure 6. Schematic diagram of the galvanic displacement
reaction of metal on silicon. Galvanic displacement takes
place in the Si�Hx-terminated regions and is accompanied
by in situ formation of SiOx.
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CONCLUSIONS
In summary, we have demonstrated that silicon

surfaces that have been etched with HF(aq) via a block
copolymer template can be used as templates to
pattern metallic and oxide nanostructures. Com-
bined with approaches to achieve different chemical

functionalizations on the interfaces, the etched silicon
substrates provide the means to tune both shape
and location of the synthesized nanostructures. The
etched patterns may be a useful platform for the
integration of a variety of other nanostructures with
silicon surfaces.

EXPERIMENTAL METHODS

Materials. Asymmetric diblock copolymers of PS-b-P4VP were
purchased from Polymer Source Inc. Hydrofluoric acid (HF) was
purchased from J. T. Baker. Hydrogen tetrachloroaurate(III) trihy-
drate (Sigma Aldrich, 99.9%), titanium(IV) chloride (Alfa Aesar,
99.6%), octadecyltrichlorosilane (Sigma Aldrich, 90%), hydrogen
peroxide (Fisher, 30%), sulfuric acid (J. T. Baker, 96.1%), ammonium
hydroxide (J. T. Baker, 30%), hydrochloric acid (J. T. Baker, 36.5%),
ethanol (Fisher, 99.8%), acetone (Fisher, 99.6%), hexane (Fisher,
99.8%), and toluene (Sigma Aldrich, 99.8%) were used in the pre-
parations. Alkenes or alkynes (Aldrich) used for hydrosilylationwere
purified by distillation and stored in a refrigerator in an argon-filled
glovebox. All other chemicals and solvents were used as received
without further purification. High-purity water (18 MΩ 3 cm, Barn-
stead Nanopure water) was used throughout all experiments.

Analysis. Titania and gold structures on silicon were char-
acterized by scanning electron microscopy, and Auger electron
spectroscopy. The SEM imageswere takenwith a Hitachi S-4800
FE-SEM in the National Institute for Nanotechnology (NINT).
Auger electron spectroscopy was carried out on a JAMP-9500F
field emission scanning Auger microprobe (JEOL Ltd.).

Silicon Cleaning Procedures. Prime-grade 4 in. diameter Si(100)
and -(111)wafers were cut into approximately 1 by 1 cm2pieces.
These silicon pieces were degreased in an ultrasonic bath of a
common dish soap solution, rinsed in ultrapure water, and then
dried by a stream of nitrogen gas. For cleaning, both standard
piranha and RCA cleaning procedures were used.

1. Piranha Cleaning Procedure. A hot piranha solution
(H2SO4/H2O2, 3:1, v/v) was prepared at 80 �C. The silicon wafers
were immersed in the hot piranha solution for 30 min. After the
wafers were removed from the solution and rinsed with water,
they were dried in a nitrogen stream.

2. RCA Cleaning Procedure. The standard RCA clean involved
two steps. In the first step, the silicon wafers were immersed in a
hot solutionofNH4OH,H2O2, andMilliporewater in a ratio of 1:1:5
at 80 �C for 20min. Thewaferswere then rinsedwithexcesswater
and immersed in another hot solution of HCl, H2O2, andMillipore
water in a ratio of 1:1:6 at 80 �C for 20 min. The wafers were then
rinsed with water and dried in a nitrogen gas flow.

Polymer Template Preparation. The diblock copolymers, PS-b-
P4VP (Mn = 109 000-b-27 000 g/mol), were weighed and dis-
solved in toluene at 80 �C by stirring overnight, followed by
cooling to room temperature to make a ∼1% w/w solution of

Figure 7. Schematic procedure for selective metal deposition on etched Si(100) surfaces: (a) inside the etched pits, (b) on the
top flat silicon surface surrounding the etched pits, and (c) over the entire pit array (within the pits and on top surface).
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polymer micelles. A 1.2 � 10�2 mL volume of the block
copolymer sample solution was then dropped onto the cleaned

Si wafer and spin-coated for 1min (spin coater model WS-400B-
6NPP-Lite, Laurell Technologies, North Wales, PA) under argon
to fabricate the thin films of polymer.

Fabrication of Etch Pit Arrays. The silicon wafer coated with PS-
b-P4VP was immersed in a 0.02% HF aqueous solution for
40 min and then removed from the HF solution, rinsed with
excess water, and dried with a nitrogen stream. The polymer
residue was then removed with toluene.

Silanization and Oxidation of Silicon Surface. Freshly etched sili-
con substrates were placed in 20 mL of a 1.3 mM octadecyltri-
chlorosilane (CH3-(CH2)17SiCl3) (g90%, Aldrich) solution in dry
hexanes for 30 min at room temperature. The silanization
reaction was carried out in glass containers. The silicon wafers
were then removed from the self-assembly solution, transferred
into 20 mL of neat hexane, and cleaned by ultrasonication for
3 min. The cleaning procedure was repeated three times, and
the silicon wafers were then rinsed with dry hexanes and dried
with nitrogen gas. After the silanization reaction, the samples
were immersed in a 30% (w/w) hydrogen peroxide solution
overnight at room temperature. The samples were then taken
out from the oxidation solution, rinsed with water, and trans-
ferred into a three-neck flask without further drying.

Deposition and Release of Titania on Silicon Surface. To deposit
titania exclusively in the etched pit interiors of oxidized wafers,
the sampleswere removed from the 30% aqueousH2O2 solution,
dried in air, rinsed with water, and then gently transferred into a
water bath heated (80 �C) three-neck flask in which a rough
vacuum was applied for 30 s. TiCl4 vapor was then introduced
into the flask from a liquid TiCl4 source (room temperature) for
5 min. The sample was rinsed with water and dried in nitrogen
gas after the TiO2 deposition. In a control experiment, the freshly
etched silicon shards were oxidized with the 30% hydrogen
peroxide solution overnight at room temperature and trans-
ferred into the reaction container for titania deposition. Subse-
quently, the samples were thermally annealed at 550 �C in air for
3 h. The titania on silicon wafers can be further released from the
surface by HF etching; the samples were immersed in a dilute HF
solution [0.02% (aq)] for 6 h and then gently rinsed with water
and dried in a nitrogen stream.

Gold Deposition on Titania. A gold growth solution was pre-
pared by neutralizing a 10�5 M HAuCl4(aq) solution to a pH of 7
using a 10�3 M KOH(aq) solution. The silicon wafers coated with
titania were then immersed into the growth solution, and gold
deposition was carried out for 5 min under a 5 W screen
inspection UV lamp filtered to exclusively pass a narrow band
around 254 nm.

Figure 8. SEM images of gold nanoparticles (a) that form
onlywithin the etched pit interiors, (b) that decorate the top
surface of the etched pit array, and (c) that decorate the
entire surface with no selectivity for the pit interiors or the
flat interface on Si(100) surfaces.

Figure 9. Scanning Auger microscopy images of gold nanoparticles on the etched Si(100) surface, prepared by galvanic
displacement of gold nanoparticles: (a) SEM image; (b) Si KLL SAM; (c) AuMNN SAM; (d) overlapping images of (a), (b), and (c);
(e) SAM line profiles of Si KLL (top) andAuMNN (bottom) along the red linemarked in the SEM image (top) shown in (bottom).
The scale bars are 200 nm in (a�d) and 100 nm in (e), respectively.
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Hydrosilylation on Etched Silicon Surface. Thermal hydrosilylation
of 1-octadecyne on etched silicon surfaces was carried out by
immersing a freshly etched silicon substrate in a solution of
1-octadecyne in mesitylene (v/v = 1:3) under an argon atmo-
sphere at 190 �C for 3 h. The substrate was then removed from
the reaction solution, cleaned thoroughly with hexane and
dichloromethane, and dried with nitrogen.

Deposition of Gold Nanoparticles on Etched Silicon Surface. The selec-
tive deposition of gold nanoparticles on etched silicon surfaces
was carried out by galvanic displacement reactions. In the first
experiment, the block copolymer on an as-prepared etched
silicon substrate was removed via 5 min of ultrasonication in
toluene, and the silicon substrate was immersed in a gold growth
solution (10�4MHAuCl4 ethanolic solution, vwater:vethanol = 1:1) for
5 min. The silicon substrate was then removed from the growth
solution and rinsed thoroughly with ethanol and water. This
procedure led to gold nanoparticle deposition in the pit interiors.
In the second procedure, the silicon substrate with the 1-octade-
cenyl-terminated etch pit interiors was dipped into a 1% HF(aq)
solution for 5 min to remove the native oxide layer. The substrate
was removed from the HF solution, rinsed thoroughly with water,
and then immersed in the gold growth solution for 5 min. The
silicon substrate was then removed from the gold growth solu-
tion, rinsedwithwater andethanol, anddried in nitrogengas flow.
This procedure enabled gold nanoparticles to be deposited
selectively outside the etch pits. Third, as a control experiment,
the freshly prepared silicon wafers with nanopatterned pits were
immersed in a 1% HF(aq) solution for 6 min to remove the native
oxide layer on the surface surrounding the pits. The silicon
substrate was then dipped into the gold growth solution for
5 min, removed from the solution, rinsed with water and ethanol,
and dried with nitrogen gas flow.
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