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ABSTRACT
Light-induced direct patterning allows intricate spatiotemporal control overmicroscopic structures and has even been extended to
functional inorganicmaterials. However, while sol–gel-basedmaterials such as silicamaintain structural continuity, photoinduced
precipitation of salts such as carbonates and phosphates typically suffers from a granular nature and produces loose particle
assemblies. In this study, UV-induced release of phosphoric acid from an organic precursor is exploited for locally modulating
supersaturation levels. This allows for controlled interplay between photogeneration and precursor supply, for the precipitation
of structurally continuous, non-granular barium phosphate from solution. Based on these insights, nanoscopic thin films with
controllable thickness are deposited in an illuminated spot. By moving the light beam, this approach is extended to direct
writing based on user-defined patterns. Moreover, by triggering photoinduced mineralization within organic templates, complex
morphologies can be replicated with high fidelity. This versatility and precision will open new opportunities for the design of
functional, biologically relevant inorganic materials.
1 Introduction

Creating custom shapes and patterns with light-based structuring
techniques has become a cornerstone of materials design [1, 2].
For example, advancements in photolithography [3], selective
laser sintering [4], and multiphoton polymerization [5–10] now
allow the fabrication of intricate polymeric microstructures.
These structures can then act as molds for the indirect fabrication
of more functional inorganic architectures.

There is also considerable interest in the direct patterning of
inorganic matter. Prominent techniques for producing high-
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performance coatings and thin films include pulsed laser depo-
sition [11, 12] (PLD) or radio frequency sputtering [13–15] (RFS),
both widely used for biocompatible materials. With PLD, a laser
beam ablates material from a solid target, generating a plume
that condenses as a thin film on the substrate. In contrast,
RFS uses radio-frequency high-voltage to create a plasma, which
then ejects atoms from the target and deposits them onto the
desired surface. A continuous layer is typically obtained after
subsequent sintering of the deposited material. Sintering can be
avoided by techniques such as sol–gel coating [16], in which the
precursor material is applied by spin coating to form a thin film
that is solidified through drying. These approaches enable the
its use, distribution and reproduction in any medium, provided the original work is properly
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fabrication of large, thin film-like structures on flat substrates.
There is also a growing interest in creating more intricate spatial
patterns, with optical methods offering the most effective route.

The most well-understood example for the direct patterning
of inorganic matter with light is silica, which can readily be
controlled via light-induced self-assembly [17–21]. Here, UV-
activation of a photoacid locally triggers hydrolysis and condensa-
tion of a silica precursor in the presence of a templating agent [21].
This spatial control allows precise manufacturing of patterned
thin films and 3D shapes [17, 19–21]. Such continuous structures
can then provide functionality in advanced filtration and drug-
delivery systems [17]. Importantly, for these architectures to be
stable and conforming to a nanoscopic template, the produced
material must be continuous and monolithic, rather than a
granular assembly of particles.

More recently, research has concentrated on light-induced pat-
terning of salts such as inorganic carbonates, sulfates, and
phosphates [22]. One strategy exploits the retrograde solubility
of these compounds and induces local precipitation via near-
infrared light and photothermal heating [23]. Alternatively, UV-
induced splitting of precursor molecules has been shown to
locally generate phosphate or carbonate anions, thereby causing
local supersaturation and leading to nucleation and crystal
growth [24, 25]. In contrast to silica, these ionic compoundswiden
the range of possible applications due to their optical [26–29] and
photocatalytic properties [26, 29], as well as biological relevance
[30–34]. Subsequent ion exchange of e.g., carbonate salts can even
cause conversion into semiconductors for advanced electronic
properties [35, 36]. However, these studies focus on light-induced
growth of faceted single crystals, nanocomposites, or granular
assemblies [37, 38]. Structurally continuous precipitates of pure
salts such as phosphates have not been presented, but are
a prerequisite for extending into direct writing and additive
manufacturing of functional inorganic architectures.

Here, we present a system that allows patterning of an inorganic
phosphate with spatiotemporal control and continuous morphol-
ogy. At the heart of this approach is the photochemically induced
splitting of 4-Nitrophenylphosphate (4-NPP) in solution [24]. This
UV-light driven process triggers the release of free phosphate
ions, which, in the presence of Ba2+-counterions, immediately
precipitate as insoluble barium phosphate (Scheme 1). Local irra-
diation with UV-light provides spatiotemporal control over this
precipitation, which can be tracked in situ with a custom-built
microscope. Diffusion of unreacted precursor thereby sustains
a constantly high supersaturation and ensures the formation
of a structurally continuous precipitate inside the user-defined
light pattern. This provides spatiotemporal control over barium
phosphate deposition, including nanoscopic thin film formation,
sub-mm direct writing, and micron-scale templating.

2 Results

To develop a phosphate precipitation reaction with photochem-
ical control, we investigate how a photolabile molecule can
release phosphate ions under UV-irradiation. This prerequisite
is met with 4-NPP, a molecule best known for phosphatase
activity measurements [39]. Recently, UV-induced splitting of
2 of 10
4-NPP in the presence of calcium ions was shown to cause
formation of granular calcium phosphate [24]. Now, we aim for
precise spatiotemporal and morphological control over such a
precipitation reaction.

It is generally known that the formation of a structurally contin-
uous film via precipitation of an ionic compound is facilitated by:
1) inducing a high initial supersaturation; and 2) maintaining this
high supersaturation during the entire precipitation process [40].
By staying in this regime, nucleation dominates over particle
growth and nanoscopic clusters aggregate to form a dense and
continuous structure [40, 41]. Based on this insight, we target
a phosphate salt with a particularly low solubility: barium
phosphate. Additionally, we conduct all experiments at an ele-
vated temperature of 60◦C, which increases the reaction rate
of the 4-NPP splitting reaction. This elevated temperature also
synergistically increases the supersaturation due to the retrograde
solubility of phosphates [23, 42], thereby creating optimal condi-
tions for UV-induced precipitation of a structurally continuous
material.

Barium phosphate is of particular interest due to its high refrac-
tive index combined with strong transparency in the ultraviolet
range. These optical properties make it an excellent component
for advanced optical glasses, particularly those used in laser
applications [43]. In addition, barium phosphate serves as a
highly adaptable host lattice for dopants such as europium or
terbium, enabling precise tuning of emission characteristics and
rendering it a versatile platform for engineered luminescent
phosphors [44]. Its chemical stability and structural versatility
further enhance its appeal, positioning barium phosphate as a
promising candidate for photocatalytic applications [26].

We begin this study with an evaluation of the splitting kinetics
in aqueous solution via UV–vis spectroscopy (Figure 1a). An
initially dominant peak at 312 nm decreases in intensity as the
precursor molecule reacts under irradiation. Simultaneously, a
peak at 405 nm begins to emerge, attributed to the photoproduct
4-nitrophenolate. A detailed analysis of this time series shows
exponential decay of the 4-NPP concentration, consistent with
first-order splitting kinetics (Figure 1b) [45]. This behavior entails
a time-dependent decrease in the rate of phosphate generation,
which is crucial information for understanding how the time-
dependent supersaturation will later affect the precipitation
reaction, which we aim to control.

In the first precipitation experiment, we bring one side of a
glass substrate into contact with a precursor solution of 4-NPP
and BaCl2. Irradiation of the entire substrate with UV-light then
induces photosplitting and subsequent precipitation of barium
phosphate on the substrate surface. Electron microscopy reveals
a loose assembly of particles on the substrate, with an average
size of 750 ± 230 nm (Figure 1c,d). Elemental mapping proves
that these particles consist of barium phosphate, and high-
resolution transmission electron microscopy (HRTEM) reveals a
nanocrystalline structure (Figure 1e). Besides phosphate, infrared
spectroscopy shows a degree of carbonate anions in the material,
presumably originating from ambient carbon dioxide (Figure 1f).
Overall, these results indicate a system that allows UV-triggered
formation of barium phosphate but fails to ensure structural
continuity.
Advanced Materials Interfaces, 2025
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SCHEME 1 UV-induced phosphate generation and precipitation of barium phosphate. (a) Photochemical reaction of 4-Nitrophenylphosphate (4-
NPP) generates phosphoric acid, which precipitates with barium ions to form barium phosphate. (b) The precipitation is followed using a custom-built
microscope. (c) Photochemical mineralization process enables thin film formation, direct writing, and templating.

FIGURE 1 Photoinduced mineralization of barium phosphate. (a) UV–vis spectra measured during the photochemically induced splitting of 4-
Nitrophenylphosphate (4-NPP) in an aqueous solution. (b) Decreasing peak intensity at 312 nm indicating the first-order reaction kinetics of 4-NPP for
different temperatures. (c) SEM image of particles formed on a glass substrate after irradiation of a solution containing 4-NPP and BaCl2. (d) Higher
magnification SEM images and EDX maps showing that these particles consist of barium phosphate. (e) HRTEM image with various orientations of
lattice fringes (indicated by red lines) and electron diffraction pattern showing the nanocrystalline nature of the particles. (f) FTIR spectrum indicating
the presence of phosphate as well as carbonate from environmental CO2. (g) SEM image at the edge of an irradiated spot with a diameter of 1 mm.
(h) Higher magnification SEM image showing particles that are slightly embedded in a thin film. (i) Light microscopy image at the edge of the spot,
showing how at the outer edge of the irradiated area, the precipitation reaction results in a continuous thin film and characteristic interference colors.
The inside consists of the previously observed particles and a granular assembly. (j) EDX profiles obtained by scanning from the substrate (A) via the
thin film (B) to the granular inner area (C).

Advanced Materials Interfaces, 2025 3 of 10
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We attribute this granular nature and the slightly branched parti-
cle morphology to a time-dependent drop in the supersaturation.
In accordance with the classic LaMer model [46], a fast increase
in the supersaturation causes a burst of nucleation, which in
turn initiates a drop in concentration. Since the kinetics study in
Figure 1b showed that the precursor molecule 4-NPP is gradually
depleted, this suggests that the photogeneration of phosphate
ions is insufficient to counteract the decreasing supersaturation.
The system therefore remains in the regime of particle growth
rather than nucleation. This implies that, in addition to the
initially high supersaturation, greater care must be taken to
maintain a stable photoactive precursor concentration and ensure
a controlled, film-like morphology [40].

To achieve a state where the photoinduced precipitation reaction
is constantly supplemented by unreacted 4-NPP, we switch to
localized UV-irradiation. The key idea here is to allow diffusion
of 4-NPP from the surrounding area to the inside of the irradiated
spot and ensure continuous, high supersaturation. Integrating the
sample cell in a custom microscope [38] allows us to trigger the
reaction exclusively in a UV-irradiated spot with a diameter of
1mm.After irradiating the sample for 60min, we analyze the pre-
cipitate in this spot, where SEM images again show a particulate,
granular morphology (Figure 1g; Figure S1). However, in contrast
to global illumination, these particles are now embedded in a
film-like component (Figure 1h). Strikingly, optical microscopy at
the edge of the irradiated spot shows a colorful ring surrounding
the particle-rich center (Figure 1i), consistentwith the presence of
a thin film producing visible-light interference. This observation
is underlined by energy dispersive X-ray spectroscopy (EDX)
profiles (Figure 1j) of the barium and phosphorous content,
starting on the substrate (A), moving over the thin film (B), and
ending in the particle-covered middle section (C). The profiles
show a smooth and continuous rise in barium phosphate content
when passing over the colorful thin film and become noisy
in the irregular and granular inner part of the sample. These
results suggest that diffusion of unreacted 4-NPP into the outer
part of the irradiated spot locally maintains a high precursor
concentration and, in extension, a steady supersaturation. This
keeps the system in a state of constant nucleation and results in a
continuous thin film morphology [41, 47] in the outer ring with a
width of 150 µm.

To fully eliminate unwanted particle growth and exclusively
obtain a structurally continuous thin film, we further increase
the relative transport into the illuminated area. Therefore, theUV
spot size is decreased from 1 mm to 200 µm, which corresponds
to a radius smaller than the width of the thin film in Figure 1i. We
now conduct in situ light microscopy during the local irradiation
and barium phosphate precipitation. Over the course of 60 min, a
colorful circular spot emerges in the targeted region (Figure 2a,b;
Figure S2). The colors thereby cycle from blue to red, i.e., through
the thickness-dependent interference fringes that are expected
for nanoscopic thin films consisting of an optically transparent
material [48]. This interpretation is corroborated by ex situ height
profile measurements of samples where the thin film growth is
terminated after different reaction times (Figure 2c). The film
thickness of the measured samples ranges from ∼150 nm after
30 min, to ∼300 nm after 60 min. The growth is approximately
linear in time, which stands in accordance with the postulated
steady supersaturation and precipitation rate. Furthermore, all
4 of 10
profiles are smooth and continuous, highlighting the controlled
nature of this growth process.

Ex situ analysis of a sample after 60 min of irradiation confirms
the formation of a controlled thin film (Figure 2d). Electron
microscopy and elemental mapping show a homogeneous dis-
tribution of barium and phosphorous (Figure 2e), consistent
with the mechanism of photoinduced phosphate release and
precipitation. Furthermore, no topological heterogeneity can be
observed, but rather a flat and continuous surface of the thin film.
Only a single defect is found in higher magnification images in
the form of one nanoscopic crack (Figure 2f). This is a typical
failure mode of thin films [49], and most likely results due to
mechanical mismatch with the supporting substrate upon full
dehydration [50]. Overall, theUV-induced precipitation results in
a uniformmorphology with precise spatiotemporal control and is
also perfectly replicable (Figure S3).

The spatiotemporal control and film-like nature of the precipitate
fulfill all prerequisites for direct writing of continuous, extended
patterns. Such dynamic control can now easily be achieved by
laterally moving the UV-spot along the substrate. To match this
movement to the growth rate of the thin film, we set a writing
speed of 100 nm/s, which means the spot moves the length
of its own diameter in approximately 30 min. The result is a
straight line consisting of a barium phosphate thin film with
a width of 200 µm, visible as a local color-change in in situ
microscopy images (Figure 3a; Figure S4). The interference color
of this line matches the color of a circular spot after 30 min
of irradiation. This agrees well with the rationale behind the
set writing speed and relates to a film thickness of approxi-
mately 150 nm. The thickness of the continuous structure can
be adjusted by tuning the writing speed, with slower speeds
resulting in thicker deposition (Figure S5). Importantly, these
properties remain homogeneous along the writing direction,
showing no irregularities in the continuous structure. Accord-
ingly, we note these conditions as a first suitable system for
light-induced, sub-mm patterning of a phosphate with structural
continuity.

Next, we extend the local phosphate growth to 2D pattern-
ing and also examine the additive nature of this process. To
demonstrate this, a second line is drawn, perpendicular to the
initial direction and crossing over the first line (Figure 3b).
The result is a homogeneous cross-structure, with the arms
and the intersection showing interference colors matching the
stationary spot after 30 and 60 min, respectively. This result
showcases how the photoinduced precipitation can be extended
to arbitrary 2D patterns while maintaining the continuous
morphology.

Electron microscopy studies (Figure 3c) also reveal the cross
structure, with a clear contrast between substrate, arms, and the
intersection. Elemental analysis thereby confirms the presence of
barium phosphate. EDX data is also examined as Ba Lα1 profiles
across parts of the structure with a single, and a double exposure
(Figure 3d). These profiles are smooth, corroborating the same
homogeneous morphology as the thin film in Figure 2. Moreover,
the profile along the intersection shows a larger amount of
deposited material compared to the arms. This additive behavior
is further elucidated by detailed elemental composition analysis
Advanced Materials Interfaces, 2025

om
m

ons L
icense



FIGURE 2 Photoinducedmineralization of barium phosphate thin films. (a) Schematic local irradiation and barium phosphate growth. (b) In situ
lightmicroscopy images of a bariumphosphate thin film growing in an irradiated spot with a diameter of 200 µm(white circle). The evolving interference
fringes and color changes reveal the gradual increase in the film’s thickness. (c) Ex situ height profiles of selected spots, measured with a mechanical
profilometer. (d) Light microscopy image and (e) EDX maps and SEM image of a spot after 60 min. (f) Higher magnification SEM image showing that
the only apparent defect in the film is a single nanoscopic crack (trajectory indicated with arrows).
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(Figure 3e). All three elements barium (Ba2+), carbon (from
CO3

2−), and phosphorous (from PO4
3−) show a gradual increase

from 1) the substrate to 2) the single and 3) the double exposure
regions. Overall, these results highlight the possibilities presented
by this dynamic yet controlled deposition of barium phosphate
in 2D direct writing and, as a future possibility, 3D additive
manufacturing of structurally continuous ionic compounds.

Photoinduced precipitation not only enables growth of thin
films, but also of more complex morphologies by triggering
precipitation in the presence of templates. Growing an inorganic
material with a continuous rather than a granular morphology
allows it to conform to micro- and nanoscopic geometric con-
finements of an organic template. The removal of the template
leaves behind a continuous morphology that maintains struc-
tural integrity, and we exploit this principle here to achieve
additional complexity. To complement the 2D writing resolu-
tion of a few 100 µm, we aim for a subordinate, periodic
pattern on a micron scale. Therefore, we choose a monolayer
of 1 µm-sized polystyrene colloids as a template. After local
barium phosphate growth around the template and subsequent
removal of polystyrene, a porous mesostructure will remain
(Figure 4a).

The first step in this process is the assembly of the sacrificial
template. Interface mediated self-assembly is applied to produce
a uniform, hexagonal monolayer of polystyrene colloids on a
Advanced Materials Interfaces, 2025
glass substrate (Figure 4b) [51, 52]. The colloid size of 1 µm,
together with the uniform periodicity results in a diffraction
grating with macroscopic structural coloration [53–55]. The
coated substrate is then immersed in an aqueous solution of
BaCl2 and 4-NPP. Analogous to previous experiments, a circular
area with a diameter of 200 µm is irradiated with UV-light
for 60 min (Figure 4c; Figure S6). Due to the topography and
concomitant light scattering, the evolving barium phosphate
structure shows a less pronounced but still recognizable color
change in the in situ microscopy data. After the precipitation is
complete, the sample is calcined at 500 ◦C in air to remove the
polystyrene colloids and leave behind the templated inorganic
component.

After calcination, optical microscopy reveals a circular spot
with pronounced structural coloration (Figure 4d). This color is
attributed to the high refractive index contrast between barium
phosphate and air, and similar diffraction effects aswere observed
in the original hexagonal template. Electron microscopy sub-
stantiates this, showing a periodic mesostructure (Figure 4e,f).
Except for some stress-induced cracks, the hexagonal symmetry
is homogeneous over the entirety of the deposited spot. Close-
up images reveal a morphology of close-packed hollow spheres
(Figure 4g; Figure S7). For the most part, gaps in the middle of
three adjacent spheres remain unfilled. This indicates overgrowth
of the polystyrene colloids during irradiation, with only a slight
nanoscale roughness. Overall, the light-induced precipitation of
5 of 10
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FIGURE 3 Direct writing of mineralized thin films. (a) Schematic and in situmicroscopy images of a barium phosphate thin film line being drawn
by horizontally moving the UV-spot at a writing speed of 100 nm/s. (b) Analogous barium phosphate thin film line-growth in the vertical direction,
crossing over the first horizontal line. (c) SEM image and EDX maps of the final cross structure. The contrast in the SEM image as well as the barium
and phosphate content increases going from the substrate via the single exposed arms toward the double exposed middle of the cross structure. (d) EDX
line scan profiles of the Ba Lα1 signal across the vertical line (single) as well as across the intersection of the two lines (double) highlighted in (c). (e)
Evaluation of the elemental composition measured by multiple point EDX spectra on the substrate, on the single exposed arms (single), and at the cross’
intersection (double).
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barium phosphate allows good replication of the sacrificial tem-
plate and underpins the importance of a continuous morphology
for precise patterning procedures.

The spatial control, structural continuity, and patterning freedom
make this UV-induced phosphate precipitation a versatile new
way of processing ionic compounds. Further research will focus
on extending the range of accessible morphologies and allow
use-cases that exploit the high optical refractive index of barium
salts [28]. Such materials could include sub-micron pores for
visible light scattering in passive cooling applications [56], or
circular spots with a tailored curvature for microlens fabrication
[57]. In contrast to state-of-the-art physical vapor deposition
techniques, our method is currently limited to barium phosphate
deposition. Future developments will include adjusted formula-
tions and solvent mixtures to tune the solubility of, e.g., calcium
and strontium salts, and make these compatible with our system.
This could then open a pathway to additive manufacturing of
biologically relevant materials. If the method can be extended
to calcium phosphate, this would be an ideal starting point for
a new addition to direct 3D-printing of artificial bones [58].
Such a process could even be combined with an orthogonal,
second precipitation reaction of a different, possibly organic,
component, for further structural functionality [59–62]. Finally,
the combination of templating and photochemistry could also
6 of 10

tive C
open a new pathway for the oftentimes challenging research on
mineralization in small confinements [63, 64].

3 Conclusion

In summary, we demonstrate that photoinduced generation of
phosphoric acid enables spatiotemporal control over the pattern-
ing of an inorganic phosphate salt while maintaining structural
continuity.We find that this localization and the continuousmor-
phology rely on an interplay between photochemistry, supersat-
uration, and diffusion; only if phosphate generation is confined
to a small area, can diffusion of unreacted precursor counteract
depletion and sustain a constantly high supersaturation. Thereby,
the system is kept in a state of nucleation rather than particle
growth and a continuous, non-granular structure emerges in the
form of a nanoscopic thin film. These findings are corroborated
both by a kinetic study of the 4-NPP splitting reaction, as well
as precipitation of barium phosphate in illuminated spots of
decreasing diameter. Based on this realization we directly write
2D patterns composed of continuous films of barium phosphate.
Our precipitation pathway enables the confinement of inorganic
material deposition to areas on the order of a few hundred
micrometers. This direct local control contrasts with techniques
such as PLD and RFS, which typically coat the entire exposed
Advanced Materials Interfaces, 2025
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FIGURE 4 Templated, photoinduced mineralization. (a) A monolayer of polystyrene colloids is immersed in the precursor solution, and UV-
irradiation causes overgrowth with barium phosphate. Calcination of the colloids then leaves behind the templated inorganic material. (b) SEM image
and photograph of the hexagonal arrangement of polystyrene colloids, which act as a diffraction grating with structural color. (c) In situ microscopy
images during UV-irradiation in a circular spot (white circle). (d) Light microscopy image after calcination. (e–g) SEM images of the calcined sample,
showing how the barium phosphate replicates the initial colloid array.
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substrate. Furthermore, the UV-triggered phosphate generation
can proceed in water rather than in high vacuum and at
moderate substrate temperatures, making it compatible with
a broader range of substrates and environments. Due to its
structural continuity, the material can also be controllably
precipitated in the confines of a colloidal organic template,
which we exploit for the fabrication of a hexagonally ordered
mesostructure. These results substantiate the possibility of
manufacturing continuous inorganic structures, which could
open new pathways in material processing, e.g., for optical
elements and micropatterned, high refractive index materials,
or, if extended to calcium phosphate, 3D-printing of artificial
bones.

4 Experimental Section/Methods

4.1 Materials

4-Nitrophenylphosphate (>99%), Barium chloride (>99%), and
polystyrene-particles (1 µm, 10 wt.% in water) were obtained from
Sigma–Aldrich and used as received. Sodium hydroxide (99.1%)
was purchased from VWR.
Advanced Materials Interfaces, 2025
4.2 4-NPP Kinetics

A 1.67 mm 4-NPP solution was prepared by dissolving 0.0124 g of
4-NPP in 20 mL of 0.005 m NaOH solution. This stock solution
was further diluted 1:2 with 0.005 m NaOH solution and filled
into a quartz cuvette. The cuvette was sealed and placed onto an
aluminum block to adjust to the temperature prevailing during
the irradiation experiment (room temperature or 60◦C). The
sample was irradiated at 370 nm at full intensity (Kessil PR160L)
and measured after distinct time intervals (Kessil PR controller).

4.3 Global Barium Phosphate Precipitation

A 4-NPP solution was prepared by dissolving 0.0124 g of 4-
NPP in 16.6 mL of water. 1 mL of a 0.1 m NaOH solution was
added as well as 2.4 mL of a 0.02 mm barium chloride solution,
resulting in a final barium chloride concentration of 2.4 mm and
4-NPP concentration of 1.67 mm. The solution was transferred
into the irradiation cassette, which was then sealed. The irra-
diation cassette was placed on the heating plate and adjusted
to the temperature prevailing during the irradiation experiment.
Irradiation was applied at full intensity (Kessil PR160L 370 nm
lamp with a Kessil PR controller) and after distinct time intervals
7 of 10
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parts of the cassette were covered. Following the irradiation, the
supernatant was removed by flushing the cassette with water.
After ejection of the water the cassette was opened, and the front
slide was washed with ethanol and blow dried under nitrogen
flow.

4.4 Local Barium Phosphate Precipitation

In a typical experiment, a sample cell was assembled consisting
of two clean glass slides separated by a 3 mm thick Viton
spacer and filled with the reaction solution. UV-light irradiation
of a defined spot on surface then proceeded in a self-built
microscope [38]. The light of a 365 nmUVLED (ThorlabsM365L3,
1290 mW output power) was passed through a pinhole of the
appropriate size, focused with a plano convex lens (Thorlabs
LA4148-UV, f = 50 mm), reflected from a dichroic mirror and
directed through a 10×/0.30 magnification objective (Nikon Plan
Fluor). The temperature was controlled by a bath and circulation
thermostat (Huber CC-K6).Motion control was provided by piezo
inertia actuators (Thorlabs PIAK10) that had a typical step size
of 20 nm. In the imaging part, a cold white light mounted LED
(Thorlabs MCWHL5) was collected by an aspheric lens (Thorlabs
ACL2520U-DG6-A, f = 20 mm). A 10:90 beamsplitter (Thorlabs
BSN10R) directed the light through the objective to the sample.
The reflected images were collected with the same objective lens
and transmitted through the beamsplitter.With help of a tube lens
(Thorlabs AC254-200-A-ML), images were recorded by a CMOS
camera (Basler Ace acA1920-40gc).

4.5 Templating

The organic template was prepared by spin-coating the PS-
particle suspension at 1000 rpm for 60 s on glass substrates and
subsequent interface-mediated assembly via an aqueous solution
of SDS (100 mm) and NaOH (1 mm) onto glass substrates [51].
Local barium phosphate precipitation then proceeded identically
to the previous experiments on blank glass substrates. After the
UV-induced precipitation, washing with water, and drying in air,
the particles were removed by calcination in air at 500◦C for 2 h,
with a heating rate of 10◦C/min.

4.6 Characterization

Fourier-Transform Infrared Spectroscopy (FTIR)-spectra were
acquired using a Perkin Elmer 100 Spectrum spectrometer
with a Universal Attenuated Total Reflection (UATR) sampling
accessory.

UV–vis absorption spectra were measured in a Varian Cary 50
UV–vis Spectrophotometer, with the spectra being measured
from 200 to 800 nm in a quartz cuvette (10 mm or 1 mm).

Scanning Electron Microscopy (SEM) analyses were conducted
using a Zeiss Gemini 500 with an Oxford Ultim Max 100
detector. The samples were prepared on carbon tape, with some
undergoing no additional sputtering and other samples receiving
an ITO-coating of 8 nm.
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High-resolution transmission electron microscopy (HRTEM)
micrographs were measured at a Jeol JEM 2200FS transmission
electron microscope, which was operated at 200 kV.

The pH values were determined by means of a SCHOTT
laboratory pH Meter CG 843P at room temperature.

Optical microscopy of dry samples proceeded with a Leica DMLP
in epi-illumination.
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