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SUMMARY

Stepwise cascade behavior marks numerous captivating phenomena. In a pre-filled crystalline micro-archi-
tecture, periodic polygon droplets, which adopt unit cells’ shapes, dewet upon liquid depletion. Here, we
show that, regardless of cells’ spatial arrangement, those polygon droplets implode in a sequence ranked
by lattice types, forming an intercellular dewetting order that is then termed the capillarity cascade. Such
behavior is derived from unique imploding pressures associated with those lattices whose magnitudes
originate from temporal adhesive and cohesive competition in the three-dimensional enclosed geometry.
Using crystalline lattice engineering, liquid patterns can be well shaped through the capillarity cascade,
which streamlines voxelated multi-material construction that features simplicity and high resolution. The
capillarity cascade in a spatially periodic layout merits untold potential spanning an array of fields, including
materials assembly, energy storage, and tissue modeling.

INTRODUCTION

Cascade behavior featuring a stepwise process without long-
range leapfrogging underlines numerous phenomena that
captivate long-lasting research interests, for example, energy
cascade in turbulence,’ reaction cascade in biochemicals,®
and extinction cascade in biology.® Wetting in three-dimensional
(3D) micro-architectures composed of periodic unit cells has
been explored for liquid pumping or trapping through capillarity
adhesion tuned by three-phase contact lines on micro-struts,
leaving its reverse behavior, that is, dewetting in 3D micro-archi-
tectures, largely uncharted.*®

Here, we observe liquid depletion in micro-architectures
consisting of periodic struts linked in a way similar to that of
crystallographic cubic Bravais lattices®’ and unfold a capillarity
cascade behavior. In discrete cells, lattice frames anchor inward
receding three-phase contact lines, modulating a Laplace pres-
sure evolution through the competing adhesion and cohesion,
which provides an imploding pressure unique to the cell’s 3D
geometry and surface wettability. When collectively connected,
regardless of cell arrangements, the depletion drives sequential
implosions ranked by lattice types, generating an intercellular
capillarity cascade. Such sequential implosion is delineated by
the imploding pressure, from high to low, in that order. The capil-
larity cascade is harnessed to pattern and deposit fluid in 3D
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space, which echoes and excels in voxelated multi-material con-
struction with high simplicity and resolution and will be of interest
and potential use to power source production,®™'" catalysis dis-
tribution,*'2~'® and mechanical metamaterial protection.'®'°

RESULTS

Capillarity cascade in micro-architectures

As an analogy to crystallographic cubic Bravais lattices, we print
an open architecture with micro-struts (edge length L = 2 mm,
diameter D = 400 pm, and aspect ratio ¢ = 5) constructed in sim-
ple cubic (sc), body-centered cubic (bcc), and face-centered cu-
bic (fcc) configurations using stereolithography (Figure 1A). After
hydrophilic surface functionalization through oxygen plasma,
water fully fills in the architecture with a volume of V, and is
allowed to evaporate in the ambient condition (T, = 24°C + 1°C
and relative humidity #40%). The polygon water shrinks in
volume V with edges fixed by contact line pinning, creating
competing dynamics wherein the cohesive force seeks to
contract the droplet, which is deformed by the adhesive force.
When the volume reaches a minimum permitted by geometry
and wettability, the polygon droplet’s neighboring surfaces coa-
lesce, causing its implosion (Video S1). Such behavior is similar
in discrete micro-architectures of different cell lattices, as shown
in Figure 1B.
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Figure 1. Stepwise capillarity cascade

(A) A bce Bravais lattice (left) and the analogous bcc-architectured unit cell with an edge strut of L in length and D in diameter.

(B) Evaporation of water in discrete unit cells.

(C) Evaporation of water in tricellular architectures consisting of connected sc, fcc, and bcc in different arrangements. In the central axis of the tricellular
structures, water surface translates and generates as a function of time. Regardless of arrangements, the imploding order appears monotonic in cellular types as
water sequentially collapses in sc, bcc, and fcc cells. The open circles represent the moment when the velocity field in (D) is measured.

(D) PIV measurements are performed in the central plane of a tricellular architecture. Quasi-static evaporation sustains a weak natural convection with a

characteristic velocity of ~10 ym s™'

When those cells are collectively connected, implosions follow
a specific sequence. As shown in Figure 1C and Video S2,
regardless of the arrangement of tricellular architectures,
polygon water consistently implodes in sc, bcc, and fcc cells in
that order. Such imploding sequence and droplet collapsing
volumes are highly consistent (Figure S1). We term such lat-
tice-dependent sequential implosion the capillarity cascade.

To exclude a potential relationship between the capillarity
cascade and liquid depletion flow, velocity fields demonstrated
by particle image velocimetry (PIV) are shown in Figure 1D
and Video S3. During the quasi-static evaporation (timescale
~10 min), the micro-architecture hosts gentle natural convection
( ~10 pm s77). Sustained by the buoyancy and temperature-
driven Marangoni stress,?°? the creeping flow rises in the middle
and sinks at two ends, forming two counter-rotating convective
cells, a pattern similar to natural convection in an evaporating
droplet. As the liquid volume decreases, the convective pattern
remains unchanged and provides a negligible intercellular flux,
suggesting a uniform pressure field in connected polygon drop-
lets. Only upon transient implosion are liquid residues in the
imploded cell driven by the surface tension y and rapidly fed into
the neighboring cell (U ~50 mm s~ ), providing a net intercellular
flux (Figure S2; Video S4). Furthermore, as shown in Video S5,
instead of quasi-static evaporation, we deplete infused liquid
through negative-pressure extraction, and the capillarity cascade
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, suggesting no strong pressure gradient among different cells. Water is dyed blue for visualization.

persists. However, it should be noted that the upper threshold of
the liquid depletion rate is 4.6 uL s~', above which the capillarity
cascade breaks (Figure S3). Below such a threshold, the capillarity
cascade is caused by interfacial interaction rather than bulk flow,
which we now investigate.

Implosion dynamics

We capture the pressure-volume relationship during liquid
depletion in each cellular type through a phase-field method using
the COMSOL Multiphysics (details in Note S1 and Figure S4). As
shown in Figure 2A and Video S6, as the liquid volume shrinks,
the locomotion of the contact line on the cellular structure (¢ = 5
and water contact angle 6 = 35°) is resisted, accompanied by
a decrease in pressure. Polygon water droplets framed by struts
feature unique collapsing volumes Vi, which are highlighted
by the crosses in Figure 2A, below which they will implode. At
the Vin, adjacent surfaces of the polygon droplet coalesce,
perforating the water polygon and initiating the rapid implosion
(insets in Figure 2A).

Accompanying the collapsing volume, the critical pressure,
termed imploding pressure P, can be numerically derived
through the surface curvature shaped by cohesive and adhesive
competition in 3D geometry. By contrast, the conventional spher-
ical approximation largely deviates from the numerical results.
The capillarity surface is governed by the total-surface-energy



Cell Reports

Physical Science ¢ CelPress
OPEN ACCESS
A ws B Si— Cc
T 4 — of
~J }4 “ 2 4 -f.- —
-1.0F N _— 100 33 Vﬁ‘; ° W’i Ak it -.3 ‘3
NN/ ! < |
Q_°_142_ MM 10 A}A A’l!? [f.z- ' ~—— ~——
N . T R
-3.6k sc . ‘ 33 al ]
i\ / * boc L ! mi 050 f 0 ! 30° 60° <O>LC§c
& ;CCCC e Moce G100 ;
38} / . -4 6(°)
J spherica . ‘ o1 a / 0 15 30 45 60 75 90
00 01 02 03 04 05 06 h a, 2 0 0.0 0.1 0.2 0.3 0.4 0.5
1-VIV, ERVAIA
D 0 8
g0 eecocccocee :g..." .."080383:::00............0000... o0 T
[®o =’ﬂ10 ...z:: 0000 4 o ‘QOQQ..‘ ."“"X"........'- ~y — 6
q jeeeeeedas? * 0000 eeese,, |
= NAIN =~
% | Sm ”0. o
= SC = - CN J SO
2 |- —e bce "ra *tessens, -2
o foc e, J
r o multicellular AN RS Esss s ssgas e e o
3 | | | | 1 | | | | | | | |
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
1-VIV,
E

Figure 2. Cellular implosions

(A) Numerically calculated water pressure P normalized by that of equivalent droplet with the same initial volume, Py, as a function of evaporated volume ratio
1-V/V,. Solid lines denote quadratic function fittings (v = ag + a1x + azxz), from which we deduce the fitting coefficients ao, a1, and a,. The dashed line denotes the
evolution of pressure in the sc cell, deduced using spherical approximation, wherein the water surface is considered a spherical cap truncated by the enclosing
struts. Crosses denote instantaneous cellular implosions triggered by water film ruptures, from which we obtain the collapsing volumes Vi, and implosion
pressures Ppn. Insets are numerically calculated water surfaces upon implosions.

(B) Quadratic function fitting coefficients as a function of the strut aspect ratio ¢ denoted by symbolic shape. Unlike the sc and bcc cells, the aspect ratio strongly
impacts the coefficients of the fcc cell. Insets are fcc unit cells of different aspect ratios.

(C) Numerically calculated normalized implosion pressure Ppin/Po and depleted collapsing volume ratio 1-V,in/Vo as a function of the strut wettability 6. Insets are
numerically calculated water surfaces upon implosions for the bcc cells of contact angles of 30° and 60°, wherein water films rupture in different states.

(D) Numerically calculated normalized pressure P/Py and water volume in unit cells V. as a function of depleted volume ratio for the tricellular architecture in (E).
Purple and orange crosses denote, respectively, implosions of unit cells and the tetragonal pyramid inside the imploded bcc cell, which is shown in (E).

(E) Numerically calculated water surfaces of the tricellular architecture as a function of depleted volume ratio.

minimization, a fundamental principle generating two equations,
that is, Young-Laplace equation AP =y, V-n for the liquid-vapor
interface and Young’s equation cos 6:% for the three-phase
contact line, where n is the outward unit normal vector and sub-
scripts |, v, and s denote liquid, vapor, and solid, respectively.23
The surface profile can be found by solving the Young-Laplace
equation while constraining the boundaries to Young’s equation.
Unlike simple geometry, for example, a millimeter circular well
wherein the liquid-vapor surface can be well described by the
spherical-cap approximation, the micro-architecture complicates
capillarity surface boundary in two aspects. At the strut’s length
scale, the polygon face enclosed by connected struts deforms

the contact boundary, particularly at the corners, because of a
capillary rise in the wedge (Figure S5). At the strut’s radius scale,
the strut’s spherical cross-section introduces the position angle a,
which locally changes the vertically apparent contact angle
(Figure S6). The two factors enrich the controlling pathway for
capillarity pressure evolution. Therefore, the complexity of the
surface enclosed by struts cannot be sidestepped using the
spherical cap approximation (Figures 2A and S7). Ppin and Viin
are reminiscent of yield strength and corresponding strain in
tensile testing. Magnitudes of the P, for different cellular types
coincide with the implosion order in the tricellular architecture,
that is, PSC_>pbecs pfee

min min min*
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Evolution of the normalized pressure P/Py, where Py is the
pressure of spherical droplet with a volume equivalent to V in
sc, with respect to the depleted volume ratio 1 — V/V, is
nonlinear and can be fitted using a quadratic function (y = ag +
aix + a2x2), from which we deduce the fitting coefficients ao,
aq, and a, in Figure 2B. The impact of strut geometry on the pres-
sure evolution profiles differs among cellular types. The variation
in the strut aspect ratio (3.3-10.0) changes the fitting coefficients
by a small amount for the sc and bcc cells but by a lot for the
fcc cell.

The strut wettability modulates adhesive forces and thus
the collapsing volume and subsequent imploding pressure. As
shown in Figure 2C, as the strut becomes hydrophilic, the
imploding pressure P,,j, monotonically decreases, whereas the
collapsing volume V,,;, increases for the fcc cell but generally
decreases and then slightly increases for the sc and bcc cells.
The non-monotonic change of the V,, for the sc and bcc cells
is due to strong liquid affinity on the edge struts (Figures 2C
and S8). For a low contact angle (0 < 55°), the liquid film of the
polygon droplet ruptures at its center. Otherwise, the perforated
hole appears at the corner (insets in Figure 2C).

The imploding pressure, regulated by the geometry and wetta-
bility of the micro-architecture, coaxes depleting liquid into the
capillarity cascade. In a connected multicellular structure, the
liquid’s pressure is spatially uniform but decreases in magnitude
during quasi-static depletion. Once the decreasing pressure
reaches an imploding pressure, liquid in the corresponding cell
collapses. In this way, polygon droplets collapse in order of
imploding pressure from high to low. As shown in Figures 2D
and 2E, we numerically study the evaporation in the tricellular
architecture and trace the evolution of the normalized pressure
P/Py and liquid volume V, in each cell. Initially, the pressure
decreases along with the decreasing volume until an imploding
pressure for sc is reached. Then, the polygon droplet in the sc
cellimplodes, causing rapid lengthwise interfacial flow, which re-
plenishes the other two cells. Such a pattern sequentially cycled
for the bcc and, finally, fcc cells, generating a macroscopic capil-
larity cascade. Note that when the bcc droplet collapses, the re-
maining liquid is trapped inside the tetragonal pyramid, whose
implosion ensues, a phenomenon consistent with the experi-
ment. The numerical study portrays the interfacial behavior,
unfolding the role played by the implosion dynamics in the capil-
larity cascade.

Voxelated multi-materials
The salient feature of the capillarity cascade, that is, temporal
liquid deposition in 3D space, echoes the requirements of voxe-
lated multi-material printing. The programming function and
composition of the materials at the voxel level promise huge
application potential.?*>> Nevertheless, its ready materialization
is still challenged by the tuning of multi-inks’ rheology, the
design of the microfluidic printhead, and coordination between
the feeding and moving mechanical modules.?® The capillarity
cascade provides a simplified alternative to constructing voxe-
lated multi-materials.

As the fcc lattice’s imploding dynamics can be regulated by
the strut aspect ratio across a wide range, it becomes a preferred
configuration for our voxelated multi-material framework
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(Figure 2B). As shown in Figures 3A and 3B, a micro-architecture
consisting of three lattices, fcc5, fcc10, and sc5, where the num-
ber denotes the strut aspect ratio, is fabricated. Then, the poly-
ethylene glycol diacrylate (PEGDA) precursor solution is infused
with liquid, and depletion ensued. Consistent with the capillarity
cascade, droplets in cells of higher imploding pressure (fcc10
and scb) collapse, leaving the liquid only housed by the cell of
the lowest imploding pressure (fcc5), whereupon the depletion
is stopped (Video S5). The volumetrically deposited precursor
is then crosslinked into hydrogel cubes. By cycling the infu-
sion-depletion-crosslinking step, photoresin and polyacrylamide
(PAM) gel, respectively, are sequentially deposited in fcc10 and
scb, producing a tri-material matrix. Unlike conventional printing,
where multi-material building blocks are built up voxel by voxel,
our method assembles a collection of the same volumetric ele-
ments in a single step, which is in a phase-by-phase manner,
improving time efficiency. In Figure 3C, after the initial lattice
scaffold is printed, we fabricate a 9 x 9 x 3 tri-material matrix
in only three steps.

The volumetric elements are seamlessly bonded. To examine
this, we fabricate an electric-eel-inspired power source through
the capillarity cascade. The electric unit consists of high-salt,
cation-selective, low-salt, anion-selective, and another high-
salt compartments, making it a quad-material matrix®° (Note
S2). As shown in Figures 3E and 3F, after fabrication, the
open-circuit voltage V¢, which scales with units in series, and
the short-circuit current /., which scales with units in parallel,
can be measured. The seamless interfacial bonding bridges
the ionically conductive pathway, which produces diffusion
potential under an ionic gradient.

The construction of a voxelated matrix in the resin scaffold
through the capillarity cascade requires only that the material
precursor is in the liquid phase, a feature that broadens the range
of materials that can be manufactured irrespective of their rheo-
logical properties. Moreover, such a practical alternative ap-
pears as a paradigm shift in stereolithography, as multi-materials
are effortlessly patterned after the initial resin scaffold is printed.

Microscale resolution

The resolution of extrusion-based 3D voxelated printing is
dictated by the printing nozzle, whose size is a compromise be-
tween driving pressure and ink rheology. As a result, the printed
voxel is frequently limited to a length scale of ~1 mm. As the
capillarity cascade integrates voxelated 3D printing into the
thriving stereolithography system without needing to remodify
their configuration or ink, we explore the resolution limit of our
method by printing the lattice scaffold through two-photon
polymerization.

The printed 2 x 2 x 1 lattice consists of fcc5 and sc5 cells of a
side length of 20 pm (Figures 4A and 4B). As shown in Figure 4A
and Video S7, by following the abovementioned construction
procedure, a 25 vol % photoresin-in-ethanol solution is firstly
infused into the lattice. Upon complete depletion of the ethanol
solvent through evaporation, fcc cells are filled with the HTL
(high-temperature liquid) photoresin and are subsequently UV
crosslinked. Then, a similar procedure is repeated to fill and
crosslink TRU (tough resin ultra) photoresin in sc cells. In this
way, a voxelated multi-material of a voxel side length of 20 pm
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Figure 3. Voxelated multi-materials

(A) Voxelated multi-material printing through capillarity cascade in a micro-architecture consisting of fcc5, fcc10, and scb.

(B) The hydrogel precursor or photoresin solution is infused into the micro-architecture and then depleted by evaporation or extraction. Liquid in cells collapses in
order of imploding pressure and is distributed into cells of the lowest imploding pressure before drying out. Those liquid residues are crosslinked or cured, forming
selectively patterned voxels. Such steps are cycled for multi-material construction.

(C) A9 x 9 x 3 voxelated multi-material consisting of PEGDA, resin, and PAM cubes is fabricated in three steps.

(D) Electric-eel-inspired power sources consisting of four different materials in series and parallel configurations are fabricated through capillarity cascade in a
framework consisting of fcc10, fcc6, fcc4.29, and fcc3.33.

(E) Open-circuit voltage and short-circuit current of the hydrogel power sources in different configurations normalized by that of a gel cell unit.

(F) Temporal evolution of open-circuit voltage and short-circuit current for a gel cell unit.

is successfully constructed, improving the resolution of voxe- with Rhodamine 6G. As shown in Figure 4D, the interface
lated 3D printing by 100-fold (Figure 4C). appears sharp, implying the absence of material mixing. The

The inter-voxel interface is examined using laser scann- capillarity cascade effects even at micrometer scale, a
ing confocal microscopy by respectively dying the HTL feature that allows it to fully explore the possibility of the
photoresin with perylene red and the TRU photoresin most advanced stereolithography, and their integration

Cell Reports Physical Science 6, 102730, August 20, 2025 5
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(A) Microscale voxelated multi-material fabricated through capillarity cascade. A 25 vol % HTL photoresin-in-ethanol solution is infused into the microscale lattice
scaffold, followed by heating to fully evaporate the ethanol, leaving resin in fcc cells that is then crosslinked through UV light. Similarly, TRU photoresin is
distributed in sc cells and then crosslinked. Dashed and solid lines denote precursor liquid and crosslinked resin, respectively. Red and blue colors denote HTL

and TRU resins, respectively.

(B and C) Scanning electron microscopy images show the microscale lattice scaffold printed using two-photon polymerization (B) and the corresponding

voxelated bi-material fabricated through capillarity cascade (C).

(D) Laser scanning confocal microscopy image shows the sharp interface between two resins. For visualization, HTL and TRU photoresins are dyed with perylene

red (red) and Rhodamine 6G (green), respectively.

unlocks high resolution and simplicity for nascent voxelated
3D printing.

DISCUSSION

We present a capillarity cascade in crystalline micro-architec-
tures upon liquid depletion. The capillarity cascade is derived
from contrastive imploding pressures for different cellular
types, a result caused by competitive cohesive and adhesive
interactions in 3D configurations. Regardless of depletion
manner and cell arrangements, polygon water droplets
sequentially implode in sc, bcc, and fcc cells, in that order,
generating anisotropic dewetting behavior. Through crystalline
lattice engineering, we harness 3D liquid deposition and
patterning, providing a simplified, highly precise, and time-effi-
cient alternative to voxelated multi-material printing. Clearly,
such cascade behavior works at the capillary length for various
complex structures formed by different unit cells, spanning a
long imploding sequence and a wide variety of liquid properties
(Figures S9-S11). Even in a different scenario, for example,
upon fog deposition, the growth of the contained liquid exhibits
a reverse capillarity cascade, implying the generality of the
phenomenon (Figure S12; Video S8).

This work uncovers a dewetting behavior upon liquid
depletion in complex geometry and provides a way to pattern
and organize liquids in 3D space with controllability, program-
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mability, and performance. The consecutive transport behavior
may unfold the corroding positions, thus enabling the design
of protection pathways for metamaterials in aerospace and
ocean engineering where condensates or aerosols will be
deposited and translated among the micro-/nano-structures
whose periodic arrangement enables exceptional combinations
of mechanical properties.®”'” It is also relevant to the electrolyte
delivery in electrodes, which are frequently textured with
macro-/meso-porous structures for a higher gravimetric capac-
ity and power density in lithium-ion batteries and supercapaci-
tors.?”*® The flow control in 3D space may allow the localization
of cells, biomolecule solutions, and micronutrients, a feature
important in recapitulating volumetric microenvironments for
3D tissue modeling and engineering.>*%?%*° In general, the find-
ings of this work merit technological potential for many fields,
such as energy storage,®’ 3D material constructions,® and
anti-corrosion of mechanical metamaterials.'®

METHODS

Crystalline micro-architectures are fabricated out of photosensi-
tive resins (Boston Micro Fabrication, HTL resin or TRU resin,
Anycubic) using projection microstereolithography printers
(Boston Micro Fabrication S240 or Anycubic M3 Max) with
10 pm optical resolution. For the hydrophilic surface functionali-
zation, the printed micro-architectures are treated with oxygen
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plasma (SETCAS SC-PE-I) for 5 min, followed by a 10 min aging,
ensuring that the surface wettability remains stable for subse-
quent experiments (Figure S13). Water is dyed with methylene
blue for visualization and infused into the architectures using a
syringe. The ambient temperature is controlled at 24°C + 1°C,
and the relative humidity is set at approximately 40%.

Quasi-static evaporation is recorded using a stereomicro-
scope (Olympus SZ61TR) coupled with a charge-coupled device
(CCD) camera. The rapid interfacial flow and PIV are recorded
using high-speed photography at up to 4,000 frames per second
(Photron UX50). For PIV analysis, polystyrene microspheres of
20 pm in diameter are doped as tracer particles, producing
typical Stokes numbers (St = ppsDpst/18y) of 0.1 for implosion
and 0.0001 for convection. The velocity field is analyzed using
an open-source MATLAB code, PIViab.

To construct voxelated multi-materials, liquid can be depleted
through either evaporation or extraction. The precursor in different
concentrations is used for different depletion methods. Using
evaporation, a mixture of 33 vol % PEGDA aqueous solution
and 2 wt % 2-hydroxy-2-methylpropiophenone (the photoinitiator)
is used as the precursor for PEGDA gel, and 50 vol % photoresin-
in-ethanol solution is used as the precursor for resin (standard
resin, Anycubic). Using extraction, the concentration of PEGDA
aqueous solution is changed to 50 vol %, and the photoresin is
used without ethanol dilution. Because PAM is the last material
that is filled in without depletion, its precursor is prepared as a
mixture of 5.5 M acrylamide, 0.066 M N,N’-methylenebisacryla-
mide (bis), and 0.615 M photoinitiator. Hydrogels and photoresin
precursors are spatially patterned through the capillarity cascade
and then crosslinked using UV light. At the liquid-filling step, the
previously crosslinked solid cubes occupy the space; thus, the
liquid naturally fills the empty cells.

To fabricate the soft power source, precursors of four gels are
prepared. The high-salt hydrogel precursor is a mixture of 0.5 M
NaCl, 5.4 M acrylamide, 0.067 M bis, and 0.0615 M photoinitiator.
The low-salt hydrogel precursor is a mixture of 0.015 M NaCl, 5.5 M
acrylamide, 0.066 M bis, and 0.615 M photoinitiator. The cation-
selective hydrogel precursor is a mixture of 2 M 2-acrylamido-2-
methylpropane sulfonic acid, 3.7 M acrylamide, 0.045 M bis, and
0.0615 M photoinitiator. The anion-selective hydrogel precursor
is a mixture of 2 M (3-acrylamidopropyl) trimethylammonium
chloride, 2.75 M acrylamide, 0.034 M bis, and 0.0615 M photoini-
tiator. Hydrogel precursors are selectively arranged through the
capillarity cascade and sequentially crosslinked using UV light.

Microscale micro-architectures are fabricated using two-
photon polymerization (Nanoscribe, Photonic Professional GT2)
on a glass substrate at a controlled temperature of 25°C. Then,
the glass along with the printed structure undergoes a liquid-like
surface modification to avoid excess liquid retention. The modifi-
cation solution is made by mixing isopropanol, dimethyldimethox-
ysilane, and sulfuric acid at a mass ratio of 100:10:1. The glass is
treated with oxygen plasma and then dip coated in the prepared
solution for 5 s. Excess liquid is removed using an absorbent
paper. The samples are naturally dried at room temperature and
then subsequently rinsed with water, isopropanol, and cyclo-
hexane. To infuse the lattice with firstly HTL and then TRU resin
precursors, we simply tilt the glass and let a droplet of precursor
solution flow across the lattices. The fabricated microscale voxe-

¢? CellPress

OPEN ACCESS

lated multi-material is then examined using laser scanning
confocal microscopy (Olympus FV3000) and scanning electron
microscopy.

For fog deposition, fine mist generated by a humidifier (AUX
AJ-H860) flows toward the micro-architecture at a rate of
12Lh™"
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