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Abstract: The fabrication of highly ordered nanostructures over large areas is key for many
technologies and colloidal lithography using the Langmuir Blodgett technique appears a simple
and straightforward way of reaching that goal. While this technique has been widely reported in
the literature, its straightforward implementation to obtain well-ordered nanostructures over very
large areas is far from obvious, since many key technical subtleties are rarely documented. Here,
we describe an easily and highly reproducible recipe and detail aspects such as beads preparation,
composition of the subphase, beads transfer method, influence of the spreading agent and the
barrier compression rate, as well as monolayer transfer to the substrate. A drastic improvement in
the polystyrene self-assembly at the air-water interface is observed after removing the common
salt and surfactant molecules from commercial polystyrene beads suspensions. Similarly, an
electrolyte free water subphase enhances the hexagonal arrangement of the beads and the long-
range order. The beads sinking into the bulk of the water is reduced by dispensing the beads using
a glass slide and the polystyrene suspension prepared using water and ethanol at 1:1 mitigates
repulsive and attractive forces, leading to excellent hexagonal close packed arrangement. By
following the recipe shown here, the reader should easily fabricate lattice-like colloidal masks for
producing nanostructures over larger areas.
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1. Introduction

Fabrication of highly ordered nanostructures over large areas is key for many applications
including nanoelectronics, optics, plasmonics, photocatalysis, photovoltaics, and biology [1-4].
These applications require the fabrication of nanostructures over very large areas, up to cm? and
beyond. Unfortunately, the commonly used lithographic techniques, viz. electron beam [5,6], ion
beam [7,8], and photolithography [9] can fabricate well-defined nanostructures only over limited
areas, in the order of a few hundred pm?. Furthermore, these methods are very expensive and time
consuming for nanostructure mass production. To overcome these shortcomings, colloidal
lithography, also known as nanosphere lithography (NSL), is an extremely appealing technique
for large scale fast pattering of periodic nanostructures. This technique was first used by Fischer
and Zingsheim to demonstrate contact optical lithography with sub-micron resolution [10]. It has
then been used to fabricate microporous materials [11] and periodic apertures in silicon films [12].
Since then, its popularity has grown immensely and the technique has been reviewed by several
authors [13—17]. NSL is very popular in plasmonics, where it can be used to produce well-
controlled metallic nanostructures over large areas [18-20]. Further refinements that rely on the
third dimension of NSL and non-normal evaporation techniques have enabled a wealth of
nanostructures with interesting optical properties [21-25]. In a typical NSL process, a hexagonal
close packed (hcp) 2D colloidal mask is formed at an air-water interface and then transferred to
the substrate, followed by metal evaporation/sputtering and lift-off process, leading to basic
triangular nanostructures [26]. More sophisticated shapes such as nanodots, nanorings,
nanospheres, nanopillars, and crescent shaped particles can also be obtained using NSL [27-30].
To obtain such a nanostructure in an ordered manner over large scale, fabrication of high quality
hcp mask is crucial [25].

Several methods have been shown to prepare closely packed as well as non-closely packed
nanosphere masks [16,31]. Spin coating is commonly used because of its simplicity [32]. However,
the formation of quasi-double layer is unavoidable and also the ordered domain size is limited,
resulting in poor homogeneity [33]. To address these issues, an interfacial self-ordering approach
has been used in which highly ordered uniform masks can be prepared by manual addition of
nanospheres at an air-water interface and solidify by adding a suitable surfactant before
transferring to the substrate [34]. Though this has issues like beads sinking into the bulk of the

water, while the presence of surfactant molecules can affect the optical properties of the



nanostructures. A high quality hcp mask without adding solidifying agent/surfactant can be
obtained using the Langmuir Blodgett (LB) technique [35]. This approach is well known for
producing colloidal masks with excellent homogeneity over large areas. It consists of dispensing
the particle suspension onto the water surface with barriers in open position, allowing the particles
to equilibrate and self-assemble to form a monolayer, followed by compression before transferring
to the substrate [36].

Although several reports demonstrate the LB technique for hcp mask preparation, the given
procedures seem not reproducible due to the lack of information on specific parameters involved
in this approach [37-42]. Some controversy can also be found in the literature, for instance,
Williams et al. demonstrated that even a small concentration of salt in water would result in
aggregation of polystyrene (PS) particles [43]. In contrast, Robinson et al. claimed no aggregation
of the particles although the water had high salt concentration [44]. Molecular dynamics
simulations and modeling have also been used to study the inter-particles interaction and the role
of polydispersity [38,45]. Another study shows that higher hydrophobicity can increase the
stability of the monolayer thanks to the electrostatic and steric repulsion between the particles [46].
The role of spreading solvent, the effect of pH, and subphase temperature have also been studied
[47-49]. The colloidal mask transfer to the substrate has also been shown by means of 1) rapid
immersion of hydrophilic substrate and then slowly withdrawn using dip coater, ii) lowering the
subphase, and iii) fully evaporating the water until particles deposit on the substrate [S0—-52]. Most
of these works use silica particles and some are only simulations, not giving detailed information
about all parameters involved in the experiments.

Our frustration in trying to reproduce some published recipes for the realization NSL masks
using the LB approach and the ensuing discovery of key experimental parameters that are rarely
documented, has motivated this study, where we optimize and describe in detail several facets of
the LB technique for the realization of NSL masks, including 1) modifying the surface chemistry
of the beads, ii) the preparation of the water subphase, iii) the beads spreading methods, iv) the
spreading agent composition, v) the barrier compression, and the hcp mask transfer to the substrate.
We optimized all these conditions for commercially available negatively charged PS beads and
achieved high quality 2D masks with high packing density and very small defects. Finally, highly
ordered aluminium nanostructures were fabricated over a 2.5 cm? glass substrate using these

masks.



2. Experimental details

2.1. Materials and reagents

Ammonia, hydrogen peroxide, isopropyl alcohol, ethanol and acetone were purchased from Sigma
Aldrich (Buchs, Switzerland) and used without further purification. A 5% aqueous suspension of
polystyrene (PS) beads with diameter 340 nm, non-functionalized spheres containing a slight
anionic charge from sulfate ester, was purchased from Microparticles GmbH, Germany. Deionised
(DI) water was used as subphase for the LB trough and other reagents preparation. Ethanol was
used as spreading agent. An ultrasonic homogeniser UP50H from Hielscher was used to re-
disperse the decanted PS beads. The LB setup (Kibron micro trough G4) used to fabricate hcp PS

2D colloidal masks consists of dual compression barriers and a LayerX dip coater.

2.2. Beads washing

Commercial PS beads were washed using rinse method to remove the water-soluble surfactant and
salts present in the suspension. Briefly, 200 pL of the suspension was pipetted out into the 1.5 mL
Eppendorf tube and mixed with 800 pL of spreading agent ethanol. This mixture was centrifuged
at 6000 rpm for 15 min at 4 °C followed by decanting the supernatant liquid. To re-disperse the
beads, 1000 pL of fresh ethanol was added followed by 2 min ultrasonic pulses. This process was
repeated three times. Then, the final beads were re-dispersed in water-ethanol solution at 1:1 ratio.

Figure 1 explains the schematic of the beads washing process in detail.

Repeat 3 times
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=
—
200 pL beads 6000 rpm 1000 pL EtOH 200 pL EtOH
—_ —_— _— —_
800 pL EtOH 15 min, 4°C 200 pL water
Centrifuge Decanted 2 min ultrasonic pulses 1:1 water/EtOH

Fig. 1. Schematic representation of the steps involved in PS beads washing process.

2.3. Substrate pre-treatment
Substrate pre-treatment is essential to remove residual organics on the surface and render the

surface hydrophilic. Briefly, float glass wafers were pre-treated in a mixture of 20 mL NH4sOH



(25%):10 mL H>0O: 5 mL H202 (30%) solution at 75° C for 30 min. The pre-treated wafers were

diced into 2.5 x 2.5 cm? pieces.

2.4. LB trough initialization

Before filling the LB trough with water, it was cleaned using deionised water followed by ethanol
and dried using nitrogen gas. Then, the DI water was filled until slightly overfilling to obtain a
better sealing between the hydrophobic barriers and the water subphase. The purity of the air-water
interface was monitored by measuring the surface pressure () using the trough sensor probe. A
laboratory aspirator (Benchmark Scientific V0020) was used to remove the impurities at the

interface until the surface pressure decreased to 0.5-1 mN m™',

2.5. Realization of 2D colloidal mask

After LB trough initialization, 200 pL of washed PS beads suspension was taken in a micropipette
and dispensed at the air-water interface using a glass slide positioned on either side of the barrier
at an angle of ~45° with respect to the water surface. The beads suspension was spread out at the
interface as drops with time interval of 30 s (it typically takes 20 min. to fill the trough).
Subsequently, the PS spheres roll down to the water surface and self-assemble. The beads were
then allowed to equilibrate for 20 min. Due to the electrostatic repulsion between the adjacent
beads and the attractive capillary force (deformation of the liquid meniscus by electrostatic stress)
[53], hexagonally arranged smaller domains were obtained. Then, a compression isotherm was
carried out by moving both barriers towards the middle of the trough resulting in the coalescence
of the smaller hcp domains into a larger one. The compressing movement was stopped just before
reaching the collapsing point (surface pressure above 20 mN m™') of the hcp monolayer. After a
short breathing time, the hcp monolayer was transferred to the glass substrate using the LayerX
dip coater and dried in a nitrogen chamber. The schematic illustration of the PS colloidal mask

realization is shown in Fig. 2.



Fig. 2. Schematic illustration of the LB colloidal mask preparation processes. (A) PS beads
spreading at the air/water interface forms a self-assembled hexagonally close packed (hcp)
arrangement. (B) The barriers compression arranges smaller hcp domains into a larger
homogeneous domain. (C) The hcp colloidal mask is transferred onto the substrate.

2.6. Aluminium nanostructures realization
After 2 days drying, an Al thin film (40 nm) was deposited on the hcp PS mask using electron

beam evaporation with a base pressure between 1.33 x 10 and 10~ Pascal (Leybold Optics



LAB600H). Highly ordered aluminium nanotriangles (AINTs) were then obtained by lift-off the
mask in toluene for 10 min under ultrasonication.

2.7. Characterization

The self-assembly and close packing arrangement (crystallinity) of the beads on the substrates at
different working conditions were examined by scanning electron microscope (SEM) images. The
SEM images were recorded using a Zeiss Merlin field emission scanning electron microscope
(Carl Zeiss Jena GmbH) with 2 keV electron energy. The Fourier transform images and Voronoi
diagrams were obtained using the statistical image analysis software Imagel. The optical properties

(extinction) of the aluminium nanostructures were studied using a UV-Vis-NIR spectrometer

(Shimadzu, UV-2600).

3. Results and discussion

3.1. Effect of beads washing

The surface chemistry is a crucial parameter to control the floating properties of the beads at the
air-water interface. The washing process described in section 2.2 alters the surface chemistry of
the commercial PS beads suspension. Its influence on the PS monolayer formation was studied
and the results are shown in Fig. 3. When dispensing the beads without washing, we noticed that
most of the beads sank into the water, which became whitish. Furthermore, the SEM image (Fig.
3A) of the substrate prepared by this condition shows no beads on it suggesting that no monolayer
is formed. This is due to the presence of water-soluble surfactants and salts in the PS suspension,
leading to the immersion of the beads into the water. Fig. 3B shows the SEM image of the PS
monolayer obtained using the beads after one single wash. It can be clearly seen that certain beads
were self-assembled although the packing is still very poor. We also noticed visually that the water
still becomes somewhat whitish in that case. Hence, we washed the beads again three times and
observed excellent floating at the interface and outstanding PS self-assembly (Fig. 3C), thanks to
the hydrophobic nature of the beads and the negligible amount of water-soluble contents in the
suspension. Although PS beads have a slightly higher mass density than water, beads remain at
the surface due to the low surface tension as a result of the washing cycles. A more in-depth
analysis of the beads arrangement transferred to the substrate was performed by processing the
SEM images, in particular, the degree of ordering was examined by analysing the Fast Fourier

Transform (FFT) images as shown in the insets of Fig. 3A, B, and C. The first-order hexagonal



Bragg peaks observed for the mask prepared using properly washed beads (inset of Fig. 3C)
indicate a uniform beads lattice demonstrating an excellent degree of order. Furthermore, the
structural homogeneity of the PS arrangement was evaluated by Voronoi-diagram as shown in Fig.
3D, E, and F. The perfect honeycomb pattern with equilateral hexagons (Fig. 3F) was observed
for the monolayer obtained by the washed beads revealing the hexagonal pattern of identical PS

beads (each bead surrounded by six beads).

Fig. 3. SEM and corresponding FFT images (insets) showing the influence of the bead washing
process on the PS monolayer formation (images are taken after transferring the monolayer to the
substrate). (A) No wash; (B) after one wash and (C) four washes cycles. (D), (E), and (F) show the
Voronoi-diagram of the (A), (B), and, (C) SEM images, respectively.



The lower order observed for a monolayer prepared using unwashed beads (Fig. 3D) or after a
single wash (Fig. 3E) denote the disappearance of the hexagonal order. Those results suggest that
the water-soluble contents in suspension must be removed to obtain high quality PS colloidal

masks.

3.2. Does the subphase water need electrolyte?

As discussed in the introduction, there are different opinions regarding the choice of the water
subphase. It is known that the electrostatic repulsion between adjacent particles and the attractive
capillary force (due to the deformation of the liquid meniscus by electrostatic stress) self-assemble
the beads in an hcp arrangement over long range order [53]. To better understand the role of
electrolyte in the water subphase, we first dispensed unwashed beads at the air-water interface for
different sodium chloride (NaCl) concentrations. In the absence of salt, unwashed beads were
totally immersed into the water due to the presence of water-soluble surfactant and salt in the
suspension and the SEM image of the corresponding substrate shows no beads (data not shown).
However, a significant number of floating beads were observed in the presence of NaCl. Fig. 4A-
D show the SEM images of the PS floating layer prepared using unwashed beads in the presence
of 6%, 2%, 1.5% and 1% of the salt, respectively. It is obvious that a higher salt concentration
(Fig. 4A) lead to the formation of beads cluster and poor monolayer packing that can be explained
by the fact that in the presence of higher electrolyte strength in the subphase, more charge
screening of the beads (electrostatic repulsion between the particles is screened) occurs leading to
the beads accumulation by attractive van der Waals forces [54]. The hydration force (a strong
short-range repulsive force) due to the electrolyte is also believed to cause aggregation. Reducing
the salt concentration to 1% (Fig. 4D) shows little aggregation (mostly doublet and triplet),
suggesting that the surface charge density of the electrolyte is still higher than the native beads,
which have only little sulfate anion (see section 2.1 for more information). After a further reduction
of the NaCl concentration, below 1 %, the beads partly immerse into the water demonstrate the
importance of the washing step to control the floating properties of the beads. Hence, we compared
the formation of PS monolayers using washed beads in the presence and absence of 1% dissolved
NaCl. In the presence of the salt, although some aggregates were found (Fig. 4E), significant
improvement of the order of the monolayer arrangement was observed; whereas in its absence a

very nice hcp packing was obtained (Fig. 4F). This indicates that washing the beads efficiently



removes the water-soluble contents in the suspension and the remaining, negative surface charges
prevent agglomeration by electrostatic repulsion and capillary forces, pull the beads together by
evaporation of the solvent in interstices to form hcp pattern. Therefore, commercial beads with no
special functionalization, after washing, do not require the addition of salt in the subphase to

achieve excellent PS beads packing.

Fig. 4. SEM images showing the influence of salt concentration in water on the PS monolayer
formation at the air-water interface. (A)-(D), unwashed beads were spread on water subphases
containing different NaCl concentrations: (A) 6%, (B) 2%, (C) 1.5% and (D) 1%. (E) and (F) the
washed beads were spread onto the water containing: (E) 1% NaCl and (F) no salt.
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3.3. Method of dispensing

The method of dispensing influences the PS monolayer formation since interferences at the air-
liquid interface affect the quantity of beads immersing into the water although they are washed. In
the present study, we have used two dispensing strategies 1) dropping the beads directly onto the

surface, and i1) using a glass slide tilted at 45° as shown in Fig. 5A, and B, respectively.

A r B r

Fig. 5. Optimization of the beads spreading method: (A), (C) and (E) show the schematic
illustration of the beads dispensed directly at the air-water interface, leading to the beads sinking
into the water, and the corresponding SEM image of the resulting monolayer. (B), (D), and (F)
show the schematic illustration of beads dispensed using a glass slide angled at 45° with respect
to the air-water interface and the corresponding SEM image of the resulting monolayer. Insets of
Fig. 5E and F show the FFT images of the corresponding SEM images.
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While dispensing the washed beads directly as small drops at 30 s time intervals, the turbulences
push the beads into the water [55], as schematically represented in Fig. 5C. Using this method, the
beads can agglomerate into small domains as indicated in the SEM image (Fig. SE). To overcome
this effect, we used a glass slide angled at 45° to the water surface in which part of the glass slide
was immersed into the water and the beads were dispensed over the glass slide slightly above the
water surface, which significantly reduced the beads immersion as shown schematically in Fig.
5D. The SEM image obtained using the glass slide assisted dispensing method produces a nice hcp
monolayer (Fig. 5F), which agrees well with the literature [56]. Furthermore, the degree of order
observed using FFT image for the glass slide-assisted dispensing method (inset of Fig. 5SF) shows
well-defined Bragg peaks, compared to the FFT image for the direct dispensing method (inset of
Fig. 5E), evidencing the higher order. Hence, we recommend the method sketched in Fig. 5B as

optimized dispensing method.

3.4. Effect of spreading agent
To understand the role of the spreading agent on the particle’s arrangement at the air-water
interface, we prepared a PS suspension in the presence or the absence of ethanol, and in a

water/ethanol mixture at 1:1 ratio.

RSO Y HA N T 55

Tt r

Fig. 6. SEM and corresponding FFT images (insets) of the PS monolayer obtained using the
suspension prepared in: (A) water, (B) ethanol and (C) ethanol/water at 1:1 ratio. D, E, and F
show the Voronoi diagram derived from the A, B, and C SEM images respectively.
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The PS monolayer obtained in the absence of ethanol exhibits non-closely packed PS
arrangements, Fig. 6A. The FFT image (inset in Fig. 6A) and Voronoi diagram (Fig. 6D) derived
from the SEM image [57] reveal the low ordering and poor hexagonal arrangements respectively.
This is because in the absence of ethanol, the repulsive force between the beads is dominating,
thus preventing the formation of a close packed arrangement. In the case of suspension prepared
only in ethanol, attractive forces due to the capillary action upon evaporation play a dominant role
and particles form short-range hcp arrangements as shown in Fig. 6B. It is also evident from the
short range honeycomb domains observed by Voronoi diagram, Fig. 6E. Mitigating attractive and
repulsive forces is required to obtain both short and long-range ordering; this is achieved by using
the beads prepared in water/ethanol solution at 1:1 ratio [58]. Fig. 6C shows excellent arrangement
of the hcp monolayer, with clear first-order Bragg peaks in FFT image (inset of Fig. 6C) and Fig.
6F reveals excellent hexagonal pattern for the beads arrangement, suggesting that the beads

suspension must be prepared in spreading agent and water in equal proportions.

3.5. Barrier compression and beads transfer to the substrate

One of the important advantages of the LB approach is to obtain a 2D colloidal crystal mask with
long-range order by compressing the smaller domains. This avoids the usage of solidifying agent
or surfactant to form a lattice-like arrangement. The barrier compression phase diagram (Surface
pressure vs. Area) exhibits typically three regions. In region 1, the surface pressure shows a slow
rise corresponding to large areas; then in region 2, the surface pressure rise is steeper since it is
due to the inter particle electrostatic repulsion upon compression; in region 3, the abrupt surface
pressure changes due to the collapse of the monolayer. To achieve a long-range hcp monolayer, it
i1s important to optimize the compression speed without damaging the monolayer. Before
dispensing the beads at the air-water interface the surface pressure was kept below 1 mN m! (Fig.
7A). Fig. 7B exhibits a compression isotherms observed for PS monolayer at different barrier
speeds from 30 mm min™! to 5 mm min’'. At higher speed, the surface pressures were not increased
uniformly due to the monolayer collapse. At slower compression speeds, a slow increase of the
surface pressure was observed. The exponential rise of the surface pressure below an area of 7000
mm? confirms that all smaller domains are well connected over long-range, without damaging the
monolayer. At a compression speed of 10 mm min’!, a maximum surface pressure of 20 mN m-!
was obtained. After further compression the hcp monolayer collapsed. We can conclude that 10

mm min-! is the optimized speed for barrier compression to obtain larger domains.
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Fig. 7. Optimization of barrier compression and beads transfer speeds: (A) n-A curve after PS
monolayer compression at different speeds from 30 mm min' to 5 mm min!. SEM and
corresponding FFT (insets) images of the monolayer transfer to the substrate at a rate of (B) 20
mm min’!, (C) 10 mm min! and (D) 5 mm min'.

AN

Fig. 8. Digital photo aph1c image or diffraction patt of the polystyrene colloidal mask after
substrate transfer using A-C) 340 nm and D, E) 1 um beads, observed at different angles of view.

The diffraction colors can be easily observed with naked eye for such a large domain even after

transfer onto the substrate, 2.5 ¢m? (Fig. 8). Furthermore, the high regularity of the bead
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arrangement was validated with close-up SEM and FFT images recorded at six different positions,

including upper third of the mask layer as shown in Fig. 9.

Fig. 9. SEM and FFT images of the PS 2D colloidal mask measured at A-D) the upper third of the
mask layer at the corners of the sample, and E, F) two random middle positions on the samples.

After attaining hcp monolayer by compression, the glass substrate was submerged into the water
using the dip coater at higher speed, 50 mm min™'. In a control experiment, the substrate was
submerged into the water before compression to minimize disturbances of the compact compressed
LB film. However, no significant changes were observed on the quality of the mask transferred to
the substrate and therefore, the substrate could also be submerged prior to compression. After 10
min, the substrate was pulled out at different speeds from 5 mm min™! to 20 mm min!. It is worth
noting that while transferring the beads to the substrate, the air-water interface was also

compressed at the same rate to preserve the hcp arrangement on the substrate as similar as it was
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in the air-water interface. Fig. 7C-E show the SEM images of the mask transferred to the substrate
at these different speeds. It is clearly seen from Fig. 7C that at higher transfer speed, the LB film
destabilized. At slower speed, the mask seems very well arranged, Fig. 7E. From the FFT image
in Fig. 7E (inset), it is evident that the mask transferred to the substrate is a single domain where
the lattice direction and the hexagonal order are preserved over the whole area. Furthermore, the
excellent honeycomb lattice observed in the Voronoi-diagram (Fig. 10) also confirms the improved
hexagonal arrangement of the beads for slower transfer. The present recipe works well for
glass/fused silica substrates, however, it can also be used for silicon and polymer surfaces after

oxygen plasma and UV treatments respectively or with little modification in the recipe.

Fig. 10. Voronoi-diagram of the SEM images observed for the beads transferred to the substrate
at the speed of A) 20 mm min!, B) 10 mm min-!, and C) 5 mm min'.

3.6. Aluminium nanostructure realization

Recently, aluminium has become a highly appealing material to replace conventional plasmonic
metals such as gold and silver for photovoltaic and photocatalytic applications due to its abundant
availability in earth’s crust and lower prize [59,60]. The fabrication of aluminium nanostructures
over large area using state of the art techniques is extremely challenging and, hence, we desired to
use LB technique assisted colloidal lithography for realizing aluminium nanotriangles (AINTS).
Homogenously distributed AINTs were obtained by depositing a 40 nm aluminium thin film, using
evaporation, on the well prepared PS colloidal mask followed by a lift-off process. Thereafter, the
quality of the nanostructures arrangement was studied using SEM. It is apparent that very well
ordered equilateral triangles were obtained as shown in Fig. 11A. Further statistical analysis of the
SEM image shows that the average edge length of the AINTs is about 85 nm (Fig. 11B) with a
surface coverage of 7.2%. The optical property of the AINTs measured using UV-Vis-NIR

spectrometer shows a broad resonance peak at 480 nm (Fig. 11C) suggesting that it could be tuned
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for harvesting solar energy ranging from near UV to visible light. The spectral position observed

for AINTs agrees well with earlier reports [2,61].
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Fig. 11. (A) SEM image of the aluminium nanostructures obtained after lift-off of the mask. (B)
AINTs size distribution. (C) Optical extinction spectra of the AINTs.
It is worth noting that a 2-3 nm oxide (Al,O3) layer formed on the surface of the Al does not alter

the optical property and limits further oxidation of the metal, thus providing better stability as
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shown in earlier report [2,62]. The present AINTs can be used solely for plasmonic hot electron
generation, and combined with semiconducting material to enhance the charge carrier generation
through plasmonic near-field coupling. Various dimension for the Al nanostructures can be
obtained by preparing the PS colloidal masks with different beads sizes - using the demonstrated
recipe - to tune the plasmonic resonance position for various applications. In addition, different
shapes of the metal nanostructures can be fabricated by preparing double layer masks, changing

the mask morphology, and evaporation condition.

4. Conclusion

In summary, we have studied the usually un-documented methodological subtleties required for
the production of a long-range hcp PS monolayer at the air-water interface using a Langmuir
Blodgett trough. The different parameters involved in LB mask preparation were carefully
examined and optimized and we can draw the following recommendations. The commercial PS
suspension must be washed using ethanol to improve the hydrophobicity of the particles. No
electrolyte is needed in the water subphase for washed beads. The beads suspension must be
dispensed using a glass slide angled at 45°. The spreading agent should be mixed with water at 1:1
ratio. A compression speed of 10 mm min™' and mask transfer speed of 5 mm min' guarantee
long-range order. By following the recipe shown here, the reader should easily fabricate lattice-
like colloidal masks for producing nanostructures over larger areas. The demonstrated method
works very nicely for other commercial PS beads with no functionalized group or containing little

sulfate anionic charges with better size distribution.
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