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Plasma-treated polystyrene particles (PSP) are key building blocks in the fabrication of two- dimensional
nanostructure arrays. Oxygen plasma etching can shrink PS particles and is a widespread tool in fundamental
research and applications, but its effect has not been well understood. Here, we show that oxygen plasma induces
an ultra-thin cross-linking layer on the surface of the PSPs, which increases their solvent resistance. We found in

X-ray photoelectron spectroscopy (XPS) fine structure and valence band probing that the polymer C—C bonds are
breaking and recombining to form oxygenated functional groups. Our results explain, why oxygen plasma etched
PS particles are more difficult to dissolve in nanofabrication procedures. Further, we used the ultra-thin cross-
linked polymer layer to construct novel substrate-base microcavity arrays.

1. Introduction

Two-dimensional nanostructure arrays have attracted much atten-
tion as they can be widely applied in photonic electronics, data storage,
catalysis, sensors, and so on [1,2]. In the past few decades, colloidal
particles, which are solid particles suspended in solvents, have played a
significant role in the development of various nanostructure arrays such
as hole, rod and dot arrays to realize diverse functions for plasmonics
[3-5], magnetooptics [6], transparent conductor [7,8], advanced sen-
sors [9,10], catalysis [11,12], and different areas of interface science
[13,14] through the nanosphere lithography (NSL) technique, which
became one of the most widely used nanofabrication tools in academic
research due to its low cost, scalability, and versatility. Especially,
polymeric, colloidal particles such as polystyrene (PS) particles have
been popularly applied in NSL as these are easy to fabricate, modify and
remove.

The modification of polymeric colloidal particles is the key for the
controllable fabrication of a non-close-packed particle monolayer,
which enables the fabrication of NSL-derived hole arrays and more
complex nanostructures [15,16]. In fact, plasma treatment has been
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widely employed for material surface functionalization and modifica-
tion to enhance their application performances, such as their improve-
ment in the adsorption efficiency of adsorbents [17,18] and increased
specific surface area of activated carbon [19,20]. But the most common
modification is the use of oxygen plasma etching to reduce the size of the
individual polymer particles without displacement.

At present, oxygen plasma treatment has been employed successfully
for NSL [21,22]. But the interaction between the gas plasma and poly-
meric particles remains poorly understood. Previously it was shown that
oxygen plasma exposed polystyrene surfaces can show a roughened
surface because of polymer degradation, which was inducing or
enhancing of surface cross-linking, i.e. dangling bond recombination
after polymer backbone [23,24]. The gas plasma treatment process has
noteworthy effects on the polymeric particles, which may affect the
subsequence preparation of nanostructures and their final properties.
Hence, understanding the changes of the polymer particle chemistry in
response to the oxygen plasma will be significant to better control the
quality of the achieved nanostructures and bring new opportunities in
material design.

Here, we investigated the effect of oxygen plasma on PS particles and
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Fig. 1. Schematic illustration of (A) self-assembled PS particle monolayer on a flat substrate, which is exposed to an oxygen-containing plasma. A momentary plasma
exposure as short as 10 s induces a chemical modification to the polymer chemistry in an ultra-thin layer at the particle top surface, which includes cross-linking and
is shown as red bonds, before it can decrease the particle size. The short exposure of untreated PS monolayers to the THF solvent removes the whole particles formed
by non-crosslinked PS. In the case of plasma-treated monolayers, the solvent cannot immediately dissolve the particles but must overcome the thin-crosslinked layer,
which slows the PS dissolution and the cross-linked layer and deformed PS particles remain on the substrate after momentary solvent immersion and retraction. (B)
Microcavities can be constructed by using plasma-treated PS monolayers as a template for electrodeposition of metal to fabricate an array of hemispherical metal
cups. The removal of the PS particle bulk leaves the ultra-thin cross-linked polymer film anchored on top of these cups, which encloses cavities together with the

metal cups.

show that the oxygen plasma treatment induces chemical trans-
formation at their surface and forms an ultra-thin crosslinked layer,
which cannot be dissolved by organic solvents. We demonstrate that this
is the origin of the widely observed template lift-off resistance for oxy-
gen plasma treated NSL templates. We further utilized the simple
plasma-induced crosslinked polymer films to construct novel substrate-
based microcavity arrays. These microcavities could enable to design
and fabrication of novel microreactors, which, until now, are typically
multichannel microscale or mesoscale reactors. Such reactors have high
mass and heat transfer rate [25,26]. They also allow the testing of
multiple reactions in sequence in a short time. Therefore, microreactors
have shown great potential in the catalysis field. However, conventional
phase-separated microreactors are restricted in liquid medium [27-29].
There is a lack of new technologies to realize a more sophisticated device
structure available for broad working conditions. On the other hand, the
complexity, controllability and high cost of current techniques still
limits development in this area [30]. Our template-based microcavities
have the potential to be used for photoelectrochemical reactions and
exploit microlensing and light-concentrator effect. The cross-linked
polymer films are permeable non-crosslinker polystyrene chains, and
could therefore serve as permeable membranes to allow reactions in a
two-compartment cell. These microcavities are easy to fabricate at low
cost and the structure is highly controllable. The deployment of these
microcavity arrays as microreactors will require to physical put catalysts
particles into the cavities, which could be achieved by using inorganic
catalyst encapsulated in PS microspheres in the future.

2. Experiment section
2.1. Reagents and materials

Reagent-grade copper sulfate, tetrahydrofuran (THF), sulfuric acid,
absolute ethanol, toluene, acetone, isopropanol, sodium dodecyl sulfo-
nate (SDS), and styrene were purchased from Aladdin Reagent Co., Ltd.
In all experimental steps, 18 MW ultra-pure water was used. The poly-
styrene microsphere (500 nm diameter, 5 w% in Hy0) dispersion was
purchased from Zhaoqing Chuangwei Nano Technology Co., Ltd.

2.2. PS particle monolayer fabrication

Glass slides (2 cm x 3 cm) were washed with acetone, ethanol, and
ultra-pure water in an ultrasonic bath and dried with nitrogen. Electron
beam evaporation (EBE) was used to deposit a 10 nm thick Ti adhesive
layer followed by 100 nm Cu or Au deposition, which served as the
substrate for PS particle monolayer deposition. As reported before, a
solution containing PS stock solution, 1% styrene in ethanol, and 1%
sulfuric acid in ethanol at a ratio of 30:30:1 was prepared to apply the PS
particles to the surface of an ultra-pure water column situated in a glass
petri dish and self-assemble the PS particles into a hexagonally arranged
monolayer, which was evident to the bare eye by the opalescent colors.
To ensure that we obtain a hexagonally close-packed monolayer, SDS
was applied as a surfactant to the inner sides of the petri-dish to
compress the PS particle monolayer. Finally, the substrates were
immersed underneath the floating PS particle monolayer and lifted out
of the water at an angle of 30° to deposit the PS particle monolayer on
the substrates. The samples were left do dry naturally to evaporate all
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Fig. 2. Photographs of a (A) untreated, and (B) 10 s, and (C) 150 s oxygenated plasma treatment on 500 nm diameter PS particle monolayers on Si substrates. The
plasma power was 30 W, under 20 Pa pressure and 10 sccm O and 20 scem Ar gas flow. The top row shows the that both the untreated and plasma treated samples
show the characteristic opalescence because of their high crystallinity. These samples are then immersed into THF, which is an excellent solvent for polystyrene, for
10 s and retracted out of solution. The bottom row shows photographs of these samples after retraction from THF solution. While the untreated sample shows no
remains of PS particles, the plasma treated samples show PS remains, which appear as white stains due to the loss of periodic order.

the water.

2.3. Plasma treatment

A radiofrequency (RF) plasma asher (CY-P2L-8100-Zhengzhou
Chengyue Scientific Instrument Co., Ltd.) was used to treat the PS par-
ticles with an oxygen and argon gas mixture plasma. The etching power
was set to 10 W, 30 W, and 50 W respectively and the gas flow rate for O
and Ar were 10 sccm and 20 sccm and the plasma pressure was
controlled at 20 Pa. The cavity temperature was at room temperature
before the start of the process and the etching time varied between 10 s
and 150 s.

2.4. Copper electrodeposition

The electrolyte contains 2.25 g CuSOy4 dissolved in 1 L ultrapure
water to a concentration of 9 mM. Concentrated sulfuric acid was added
dropwise to adjust the pH to 1.35. Electrodeposition was performed
using a three-electrode configuration in a 100 ml single cell compart-
ment. The potential was controlled using a potentiostat (Chinstrument

600 E) to conduct chronopotentiometry. The PS particle monolayer
coated copper film substrate served as the working electrode, while a
platinum sheet counter electrode and an Ag/AgCl (3 M KCl) reference
electrode were used respectively. Adjustment of the working potential to
—0.427 V vs Ag/AgCl started the electrodeposition process and was
continued for 10 min [31,32].

2.5. Polystyrene dissolution

The PS particles were cleaned by placing the samples into a beaker
filled with tetrahydrofuran at room temperature to dissolve the PS
particles for 24 h. In order to prevent the volatilization of tetrahydro-
furan, the beaker was sealed with parafilm. Finally, the samples were
removed and rinsed with ethanol, ultrapure water, and dried gently
under a stream of nitrogen.

2.6. Sample characterization

The surface morphology and cross-sectional morphology of the
samples were investigated using a Zeiss Sigma 500 scanning electron
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Fig. 3. XPS survey spectra of untreated and 10 s, 150 s oxygenated plasma treated PS particle monolayer on a 100 nm Au film. The plasma power was 30 W, under
20 Pa pressure and 10 sccm O, and 20 scem Ar gas flow. The main peaks correspond to the Au 4f, C 1 s and O 1 s orbitals.

microscope (SEM). For each experiment, multiple areas on each sample
were inspected, and these measurements were repeated on multiple
samples to ensure the consistency of the results. Additionally, the
topography of the samples was measured using a Bruker Dimension Icon
atomic force microscope (AFM). Again, we performed these measure-
ments on several areas of each sample, across multiple samples. The
chemical composition of the PS particle surfaces was investigated using
X-ray photoelectron spectroscopy (Thermo ESCALAB 250XI system)
employing an AlKa X-ray source (1486.6 eV) to obtain chemical state
information and collect valence band spectra of the pristine and plasma
treated PS particles monolayers on a 100 nm Au film. For XPS, we
measured three different areas for each sample to ensure a compre-
hensive representation of the chemical composition across the surface.
The thickness of the membrane was measured at ten different locations
and the mean thickness, as well as the standard deviation, was computed
to provide an estimate of the variability of membrane thickness within
the sample. All experiments were conducted at least three times to
ensure the reliability of the observations.

3. Results and discussion

The experimental methodology and mechanism are depicted sche-
matically in Fig. 1. We utilized a monolayer of PS microspheres as a
template, which underwent oxygenated plasma etching. This treatment
alters the polymer chemistry, such as inducing polymer crosslinking on
the PS particle surface, thereby conferring resistance to organic solvents
such as THF, toluene, and acetone. In contrast to untreated PS micro-
spheres, which readily dissolve in these organic solvents, the plasma-
treated PS particles display significant solvent resistance.

Residual PS remained on the sample surface, as shown in Fig. 1A. The

elimination of these particles from the substrate surface required the
application of ultrasonic treatment to aid in their detachment.

The cross-linked polymer surface can be exposed as a free-standing
film (Fig. 1B) by first electrodepositing a metal like Cu through the
plasma-treated PS microsphere array, which acts as a template to form
metal bowls between the substrate surface and the PS particle
monolayer.

The creation of the free-standing film only occurs as a later conse-
quence of a slow, gradual process. Extended exposure to solvent over
several hours led to the slow dissolution of the bulk of the PS particles.
During this period, the PS chains migrated through the cross-linked
surface film into the solvent. This progressive dissolution and migra-
tion eventually anchored the ultrathin cross-linked polymer films in
place, stretching across the cavities between the metallic bowls. The
result is a cross-linked polymer film that provides a noteworthy conse-
quence of the plasma treatment’s impact on the PS microspheres
enabling the construction of microcavity arrays.

The visual consequences of the plasma treatment on the solvent
resistance of the PS microsphere monolayer were distinctly examined.
For this purpose, PS particles with a diameter of 500 nm were self-
assembled onto polished silicon wafers, manifesting vivid, colorful
characteristics due to opalescence. The colors were found to be largely
unaffected by the oxygen plasma treatment using 30 W plasma power
and exposure time from 10 s to 150 s (Fig. 2A1-C1), which indicate the
PS particle monolayer remains intact; 10 W, 50 W plasma power treat-
ment are shown in Figure S1.

However, upon vertically immersing these monolayers in THF for a
period of 10 s, substantial disparities became evident between the
samples. For instance, the monolayer formed by untreated PS micro-
spheres was completely cleared by THF, leaving no visible traces of PS
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Fig. 4. XPS the fine structure of the C 1 s region for 0's, 10 s, and 150 s oxygenated plasma treated PS particle monolayers on a thin gold film. The plasma power was

30 W, under 20 Pa pressure and 10 sccm O and 20 sccm Ar gas flow.

and thus revealing a pristine silicon wafer surface (Fig. 2A2).

Similarly, plasma treatment at 10 W for 10 s also allowed for
straightforward cleaning of the surface (Figure S1B2), because the
plasma power and exposure time are not sufficient to shrink or alter the
PS particle surface meaningfully. However, with incrementally
increased plasma treatment power and duration (e.g., 10 W-150's, 30 W-
10s, 30 W-150 s, 50 W-10 s, 50 W-150 s), the oxygen plasma treatment
either induced or amplified surface crosslinking of the PS microsphere
monolayer. As a result, the treated PS particles became resistant to THF,
making dissolution challenging. Consequently, PS polymer residues
persisted on the silicon wafer, yielding a milky white appearance
(Fig. 2B2,C2 and Figure S1C2-E2). It is important to underscore,
however, that overly intense plasma treatment (e.g. 50 W-150 s) etched
and shrinks the individual PS particles enough to create spacing between
the PS particles (Figure S2G). This excess spacing hindered inter-
connectivity, resulting in facilitated particle detachment in the THF
solvent as compared to less plasma treated PS particles, but more solvent
resistance than in the case of pristine PS particles.

The observed solvent resistance was most pronounced in case of 30
W plasma power, which was chosen to further investigate the origins of
this effect.

X-ray photoelectron spectroscopy (XPS) reveals the plasma-induced
alteration in polymer chemistry [33]. The survey spectrum (Fig. 3)
only shows evidence of the elements C and O from the PS polymer chain
and Au from the substrate beneath the PS particles for both pristine and
plasma-treated PS particle monolayers. The relative intensity of the O 1 s
increases with plasma treatment duration and is indicative of the addi-
tion of oxygen-containing functional groups onto the polymer chain.

The high-resolution XPS spectrum of the C 1 s region (Fig. 4) shows
that all samples are dominated by C—C (284.8 eV) contribution of the
polymer backbone and with some contribution from O = C—O groups

(288.8 eV). The presence of C—0 and O = C—O groups in the pristine PS
particle spectrum, despite the PS chemical formula being (CgHg), and
not containing oxygen atoms, are caused by oxygenated end-groups
from PS particle synthesis, and by adventitious carbon contamination,
which was minimized through short radiation exposure. It is important
to note that the formation of hydroxyl and carboxyl groups in PS particle
systems is not an aberration, but rather an inherent part of the synthesis
process of colloidal PS particles. The polymerization pathway invariably
leads to the creation of these oxygenated end-groups, which are
instrumental in lending stability to the colloidal suspension. These
groups facilitate the establishment of interparticle repulsive forces,
which are pivotal for maintaining particle dispersion and preventing
aggregation, thus playing a pivotal role in the stability of the PS colloidal
system. The plasma treatment induces the formation of C = O groups
(287.6 eV) and O-(C = 0)-O groups (290.0 eV) and increased the relative
intensity of the C—O group signal (281.1 eV). Simultaneously, the
relative intensity of the n-n* oscillation peak (291.4 eV) contribution,
which is associated with the benzene ring, is decreased and indicates
polymer damage is not only restricted to the polymer backbone but also
involves the breakage of the benzene ring, which can accommodate
oxygenated groups [34,35].

The plasma-treatment-induced changes in the polymer chemistry are
also evident from XPS valence spectra, which can be used for finger-
printing unique molecular species due to their unique spectral features
[36].

The valance band spectra probe the density of states (DOS) at the
sample surface and show characteristic peaks for specific energy regions
(Fig. 5), which were normalized to the background at 33.9 eV [37]. The
range between 0 and 10 eV corresponds to the C 2p orbital region of PS.
However, in our case this region is dominated by the valence band signal
of the Au 5d region because our PS particle monolayer sits on an Au film
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Fig. 5. XPS valence band spectra for 0 s, 10 s, and 150 s oxygenated plasma treated PS particle monolayers on a thin gold film. The plasma power was 30 W, under

20 Pa pressure and 10 sccm O, and 20 scem Ar gas flow.

[38]. Au has a higher DOS than PS, which explains its domination
despite the small, exposed Au surface between the PS particles [39]. The
spectral characteristic peaks generated by the C 2 s orbital in the ben-
zene ring can be seen in the range 13-20 eV and the prolonged plasma
exposure results in the weakening of these features and can be inter-
preted in the opening of the benzene ring and the addition of
oxygen-containing functional groups. At the same time, increased
plasma exposure results in the increase of the O 2 s orbital region be-
tween 25 and 27 eV, which also clearly indicates the addition of
oxygen-containing functional groups to the polymer surface [40,41].

Collectively, the XPS studies reveal a significant alteration in the
chemistry of the PS polymer particles, characterized by the breakdown
of the polymer backbone and benzene ring, and the introduction of
oxygen-containing functional groups. Moreover, the occurrence of
induced solvent resistance serves as indirect evidence of crosslinking
between the polymer chains. All these changes in the polymer chemistry
are attributable to the chemical and physical etching mechanisms
resulting from the exposure of the PS particles to oxygenated plasma
[42,43].

Oxygen plasmas are particularly effective in generating free oxygen
radicals, which can adhere to the polymer chains and also lead to the
severance of molecular bonds within the polymer chains. Physical ion
collision with the polymer chain offers another potential cause for C—C
and C—H bond breakage, culminating in the formation of dangling
bonds capable of participating in crosslinking reactions.

Proceeding from the plasma-induced crosslinking on the PS particles
surface, we utilized the ultra-thin cross-linked PS polymer layer to
eliminate the bulk PS body and construct substrate-based microcavities.

We electrodeposited copper through the unaltered and plasma-treated
PS particle monolayers, [31] achieving a Cu thickness commensurate
with half the PS particle diameter. With plasma-treated PS particles, the
surface cross-linked films adhered to the copper formed around the PS
particles or interconnected with one another, facilitated by the THF
solvent, thus preventing their detachment. A detailed SEM image of each
production step is shown in Figure S3.

The untreated PS particle monolayer swiftly dissolved in THF,
leaving a periodic array of copper hemispheres behind (Fig. 6A). Simi-
larly, after a brief, low-intensity plasma treatment at 10 W-10 s, the PS
microsphere surfaces did not undergo sufficient cross-linking and were
easily dissolved, resulting in a similar array of copper hemispheres
(Figure S2B).

However, increasing the plasma treatment duration to 150 s led to
plasma-induced surface cross-linking of the PS particles. This rendered
the microsphere surfaces solvent-resistant, preventing their dissolution
in THF and enabling their retention on the hemisphere surface. It’s
noteworthy that due to the relatively low plasma intensity, the PS par-
ticles couldn’t fully anchor to the surrounding metal bowls
(Figure S2C).

When the etching power was amplified to 30 W, the plasma-treated
PS particle monolayer (Fig. 6B) left behind an ultra-thin cross-linked PS
film over the copper hemisphere array (Fig. 6C) after prolonged solvent
exposure. The integrity of this polymer films depends on the plasma
exposure time. For 30 W-10 s plasma exposure the creation of a porous,
cross-linked PS film of 48+6 nm thickness on the copper hemispheres
was observed (Figure S2D and Fig. 7A). Analogously, a plasma treat-
ment at 30 W-150 s led to the formation of a microcavity between the
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Fig. 6. A distinct change in the chemical composition of the PS is induced by the plasma. (A, B, C) SEM images showing the top-view and cross-section of (A)
hemispherical metal cup array fabricated using an untreated (B) 500 nm diameter PS particle monolayer, and (C) a hemispherical metal cup array covered with an
ultra-thin crosslinked polymer film fabricated using 150 s oxygenated plasma-treated PS particles. The polymer film is anchored to the metal bowls and encloses a
cavity between the metal bowls and itself. (D, E, F) show AFM images corresponding to (A, B, C), and their respective color-coded profiles are shown in (G). The PS
particle monolayer and metal bowls show inverse hemispherical profiles, while the ultra-thin crosslinked polymer film lies flat on the topography. The plasma power
was 30 W, under 20 Pa pressure and 10 sccm O and 20 sccm Ar gas flow.

Fig. 7. Cross-section SEM images of substrate-based microcavity architecture produced from (A) 10 s and (B) 150 s oxygenated plasma-treated PS particle mono-
layers. Hemisphere copper bowls were electrodeposited and the bulk PS polymer of the PS particles was removed by soaking the material in THF for 24 h, which
enabled the PS to diffuse through the cross-linked PS film spanning over the copper bowls The PS films are approximately 48 + 6 nm and 111 + 22 nm thick for 10 s
and 150 s plasma-treatment time respectively. The plasma power was 30 W, under 20 Pa pressure and 10 sccm O and 20 sccm Ar gas flow.
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copper hemispheres and a closed, cross-linked polymer film of 111422
nm thickness (Figure S2E and Fig. 7B).

However, it’s crucial to highlight that excessive plasma treatment
can induce adverse effects. This was observed at 50 W-10/150 s
(Figure S2F,G), where the plasma treatment resulted in PS particle size
reduction and a concurrent increase in spacing. This effectively broke
the interconnectivity of the PS film resulting in their detachment in the
solvent.

Overall, microcavities enclosed by intact PS polymer film were
optimally obtained for plasma treatment with a power of 30 W for a
duration of 150 s.

AFM measurements were conducted to demonstrate that these ultra-
thin polymer films span over the hemispherical metal bowls and didn’t
sink into the cavities. Fig. 6D shows the surface topography of the pe-
riodic Cu hemisphere arrays, which were fabricated from an untreated
PS particle monolayer (Fig. 6E) and correspond to the SEM image in
Fig. 6A and Fig. 6B, respectively. As expected, these two structures show
a periodic array of hemispheres, which are inverse in respect to each
other. However, the surface topography of hemispherical metal bowls
produced from 150 s plasma treated PS particle monolayers (Fig. 6F) is
flat, demonstrating that the ultra-thin polymer film spans over the
cavities that are enclosed between itself, and the hemisphere metal
bowls. This indicates that the polymer films has good mechanical
integrity and is permeable for organic solvents such as THF. The
permeability for organic compounds is even large enough for not cross-
linked polystyrene, i.e. very large molecules, to diffuse through the
cross-linked polymer membrane, which is evidenced by the creation of
the cavity below the polymer film. This offers remarkable opportunities
to utilize these cavities as substrate based microreactors. Such micro-
reactors could offer several advantages like: (i) photocatalyst particles
could be enclosed in the cavities to build photocatalytic flow-cells; (ii)
the hemisphere metal morphology could offer microlensing and light
concentration effects; (iii) the ultra-thin polymer membranes could
enable electrochemical reactions in a two-compartment cell with
different immiscible solvents, which are separated by the polymer films.
The key difficulty to achieve this is to load the active catalysts into the
cavities. However, the preparation of composite PS microspheres has
been reported, [44,45] which could be realized by doping the catalysts
into the PS particles and releasing them in the final fabrication step
when the PS particles are dissolved.

4. Conclusion

In conclusion, we have revealed that oxygenated plasma treatment of
PS particles induces solvent resistance to organic solvents like THF,
which dissolve untreated PS particles with ease. This solvent resistance
is due to the modification of the polymer chemistry in an ultra-thin layer
at the PS particle’s surface, which is a result of cross-linking and oxygen-
containing functional group addition after C-C bond cleavage and
benzene ring opening as shown by XPS fine structure and valence band
probing. Specifically, the C 1 s region showed a distinct change in the
appearance of several oxygen-containing functional groups, such as
hydroxyl, carboxyl, and carbonyl groups. The valence band spectra
revealed a decrease of the C 2 s orbital contribution and an increase of
the O 2 s orbital contribution at the same time. The resulting ultra-thin
films can be tuned in thickness through the plasma exposure time, where
its thickness varies from 48 + 6 nm and 111 + 22 nm for 10 s to 150 s
plasma exposure respectively. The ultra-thin crosslinked PS films are
permeable to THF and non-crosslinked PS chains and are therefore likely
to be permeable for a large number of organic compounds. We exploited
this feature to build substrate-based microcavity arrays that consists of a
periodic array of electrodeposited metal hemispheres, which enclose the
microcavities with the anchored membrane spanning over the cavity
with good mechanical integrity. The proposed microreactor design of-
fers opportunities for novel microreactor applications like photo-
catalytic flow-cell reactors utilizing the metal bowls as microlensing and

Surfaces and Interfaces 41 (2023) 103164

light concentrator arrays. The placement of catalyst particles into the
microcavities could be achieved by doping PS microspheres with inor-
ganic catalyst particles, which remain in the cavity during PS particles
dissolution and will be explored in the future.
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