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Surfaces with switchable hydrophilicity are of considerable 
interest because of their potential application in e.g. sensors,1 drug 
delivery,2 microfluidics,3 and colloidal assembly.4g,i Modulation of 
hydrophilicity has been triggered by light irradiation,4 
temperature,5 electric potential,6 electric field,7 pH,8 and solvents.9 
Here we demonstrate the formation of three-dimensional (3D) 
microfluidic channels by writing a hydrophilic pathway within the 
interior of an otherwise hydrophobic three-dimensionally porous 
host. Localization of the pattern formation is accomplished by 
using a multiphoton based photoacid generation process; this 
photoacid converts the interior surface of the porous host from 
hydrophobic to hydrophilic.  

Multiphoton initiated chemistries have been used to define high 
resolution 3D structures, including microchannels, micropumps, 
cantilevers, plasmonic devices and photonic crystals, for use in 
microfluidic, biomedical, micro-electro-mechanical and photonic 
systems.10 3D patterning is enabled by the use of a tightly focused 
pulsed laser source because, for a two-photon process, the 
probability of photochemistry is proportional to the square of the 
incident light intensity. In this way activation is confined to the 
focal volume and by sweeping the focal volume in a defined 
pattern, a complex structure can be formed. 

The photoactive porous host is formed starting with a silica 
colloidal crystal (Fig. 1a).11 The silica surface is functionalized 
with the acid hydrolyzable polymer brush, poly(tetrahydropyranyl 
methacrylate) (PTHPMA),10a,12 through surface initiated atom 
transfer radical polymerization,13 giving a dry thickness of 5.8 nm 
(see Supporting Information for TEM image). The remaining space 
within the porous host is infilled via spin coating with a mixture of 
photoacid generator (octoxyphenylphenyliodonium 
hexafluoroantimonate), sensitizer (isopropylthioxanthone), and a 
copolymer of methyl methacrylate and poly(ethylene glycol) 
methyl ether methacrylate (poly(MMA-co-PEGMA). The 
copolymer has the appropriate polarity to dissolve the photoacid 
generator and sensitizer, and additionally is a close refractive index 
match to the silica host, minimizing undesirable light scattering 
during the writing process. 

The focal point of a Ti-Sapphire femtosecond laser is rastered in 
a controlled fashion through the sample resulting in the localized 
two-photon generation of acid within poly(MMA-co-PEGMA). 
During postbaking (65°C for 1 min), the photoacid hydrolyzes the 
hydrophobic PTHPMA brush, forming hydrophilic 
poly(methacrylic acid) (PMAA) (Fig. 1b). The poly(MMA-co-
PEGMA), photoacid generator, sensitizer, and reaction byproducts 
are subsequently removed from the porous matrix using 0.26N 
tetramethyl ammonium hydroxide in tetrahydrofuran, leaving 
behind a hydrophobic porous host containing an embedded 
hydrophilic channel. See Supporting Information for experimental 
details. 

The embedded hydrophilic channel was imaged via laser 
scanning confocal microscopy. Water was introduced onto the 

sample. The hydrophilic channel was written to extend to the 
surface, and thus the aqueous solution could infiltrate it. To reduce 
scatter and allow multi-channel imaging, the remaining 
hydrophobic regions of the opal were infiltrated with an oily, 
fluorescent solution of pyrene in dodecane. This enabled 
acquisition of fluorescence (Fig. 2a) and reflectance mode confocal 
images (Fig. 2b) of the 3D structure of the channel. The overlay of 
these images (Fig. 2c) shows that water completely fills the 
hydrophilic channel and dodecane only fills the hydrophobic 
regions. See Supporting Information for images of samples 
infiltrated only with water. 
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Figure 1. (a) Fabrication process for formation of 3D microfluidic channels 
in a porous host material. (b) 2-photon triggered conversion of hydrophobic 
PTHPMA to hydrophilic PMAA. 

To investigate the minimum feature size and resolution of the 
hydrophilic pattern, rectangles ranging from 0.8 to 25 µm wide (all 
are 10 µm long) that run through the thickness of the porous host 
were written using laser powers of 20, 30, and 40 mW. Water 
containing an aqueous dye, trisodium 8-hydroxypyrene-1,3,6-
trisulfonate (HTPS), was introduced onto the sample. Figure 3a 
shows that at a power of 20 mW, the feature width is less than 1 
µm greater than the target width. The narrowest features (0.8, 1, 
and 2 µm) do not appear at this writing power. At a power of 40 
mW (Figure 3b), the feature width is 2.5-4 µm larger than the 
defined width. The increase in width is due to both the higher 
photoacid concentration, which diffuses to some extent away from 
the region in which it is formed, leading to an expanded zone of 
deprotection of the PTHPMA, and the increase in the effective spot 

O Si
O

O
O

O
Br

O
O

O

11 n O Si
O

O
O

O
Br

O
HO

11 n
O

Hydrophobic Hydrophilic

H+
SiO2 SiO2

PTHPMA

PMMA DHP

2-photon 
writing

glass

Spin coating
polymer
brush

Developing

Post-baking

Hydrophilic

acid

Hydrophobic



 

size at higher powers. The fact that hydrophilic channels narrower 
than ~2.5 µm do not appear is perhaps a function of the diffusion 
length of the photo-generated acid. Due to acid diffusing away into 
the surrounding areas for smaller feature sizes, below a certain 
exposure dose there will no longer be sufficient acid concentration 
within the exposed regions to make the polymer brush hydrophilic. 
 
 
 
 
 
 

Figure 2. Laser scanning confocal microscope cross sections of 2-photon 
written hydrophilic channels after backfilling with water (dark/reddish) 
followed by a fluorescent oily solution (green). (a) Fluorescence channel 
denoting the hydrophobic (unexposed) regions of the sample which contain 
pyrene in dodecane. (b) Reflectance channel denoting the hydrophilic 
region after backfilling with water. (c) 2-channel overlay of (a) and (b). 

Wetting of the hydrophilic channels and exclusion of water from 
the hydrophobic regions is driven by the change in contact angle of 
the polymer brush upon photoacid activation. As a model system, 
PTHPMA was grown off glass slide. Its contact angle is 66.8±1.2°. 
The slide was coated with the photoacid generator, sensitizer, and 
polymer mixture, and exposed to 351 nm laser radiation (both UV 
and pulsed IR result in the same photoacid generation), and 
developed following the same procedure as for the porous matrix. 
Figure 3b presents how the water contact angle decreases to 
56.0±2.0° by a dose of 62.5 mJ/cm2, and then remains constant for 
higher doses. The required dose of ~62.5 mJ/cm2 agrees with 
previous work in a related photoresist system.12 

 

Figure 3. (a, b) Laser scanning confocal microscope fluorescence images 
of 2-photon patterned hydrophilic features after backfilling with HTPS 
containing aqueous solution (green) and dodecane (dark). The exposed 
region (white dashed rectangles) and resulting features (green) formed 
using powers of 20 mW (a) and 40 mW (b). (c) Measured linewidth vs. 
targeted linewidth for various writing powers (using 780 nm radiation). (d) 
Relationship between the exposure dose at 351 nm and the water contact 
angle for a planar film. 

In conclusion, we have demonstrated a facile method for 
fabricating 3D microfluidic channels by using a two-photon 
activated chemistry to locally switch the surface of a porous solid 

from a hydrophobic to hydrophilic state. These 3D structures can 
be infilled selectively with water and/or hydrophobic oil with a 
minimum feature size of only a few micrometers. We envision this 
approach may enable the fabrication of complex microfluidic 
structures that cannot be formed via current technologies. 
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We demonstrate a facile method for fabricating novel 3D microfluidic channels by using two-photon activated chemistry to locally 
switch the interior surface of a porous host from a hydrophobic to hydrophilic state.  The 3D structures can be infilled selectively 
with water and/or hydrophobic oil with a minimum feature size of only a few micrometers.  We envision this approach may enable 
the fabrication of complex microfluidic structures that cannot be easily formed via current technologies. 
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