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Description

[0001] The present invention relates to a patterned
substrate having hydrophilic and hydrophobic areas, and
a method for producing the same.

[0002] Discontinuous dewetting is a powerful method
enabling the generation of thousands of microdroplets
with a specific geometry, volume and at predefined loca-
tions on a patterned substrate. [1-4] During the discon-
tinuous dewetting process, liquid is moved along a sur-
face possessing strong dewettability with a pattern of
highly wettable spots to create an array of pinned droplets
from picoliter up to microliter volumes. [5] The advantag-
es of this procedure are that it is a single-step method,
permits massive parallelization, is compatible with high-
throughput screening (HTS) experiments [6, 7] but does
notdepend on expensive robotics and automation, there-
by minimizing experimental costs. These advantages
make this method attractive for HTS of cells including
single cell screenings, diagnostic or personalized medi-
cine applications.

[0003] Recently several biological applications requir-
ing both miniaturization and multiplexing have been re-
alized via discontinuous dewetting. Superhydrophobic-
superhydrophilic microarrays were used to create drop-
let-microarrays for high-throughput screening of living
cells [7-10], to create arrays of hydrogel micropads [2]
and for single cell screening. [11] Driven by surface ten-
sion, cell-laden hydrogels were assembled on a glass
surface patterned with hydrophobic and hydrophilic re-
gions. [12]

[0004] However, most of the patterns developed thus
far only apply to fabricating microdroplet arrays of high
surface tension liquids such as water (surface tension y,,
=72.2 mN m-1), while the method often fails when most
of the organic solvents with lower surface tensions (e.g.,
ethanol, v, = 22.1 mN m™ or n-hexane, y,, = 18.4 mN
m-1) are involved.

[0005] There are very few methods compatible with
low surface tension liquids. Thus, Whitesides and co-
workers utilized a two-phase system consisting of water
and an immiscible hydrocarbon fluid to generate micro-
droplet arrays of hydrocarbons on patterned SAMs. [13]
However, their approach is incompatible with water-mis-
cible organic solvents. Droplet-microarrays were also
generated using discontinuous dewetting on arrays of
microwells produced in poly(dimethylsiloxane) (PDMS).
[1] Tuteja et al. fabricated superomniphobic surface by
electrospinning solutions of 1H, 1H,2H,2H-heptade-
cafluorodecyl polyhedral oligomeric silsequioxane
(fluoro-decyl POSS) and poly(methyl methacrylate), and
patterned this surface with superomniphilic spots by spa-
tial O, plasma treatment. [3] Lai et al. patterned super-
amphiphilic areas on a superamphiphobic background
via site-selective decomposition of 1H,1H,2H,2H-per-
fluorodecyltriethoxysilane on TiO, nanostructure films
under UV light. [14] These superomniphobic surfaces
have been applied to form microdroplets of organic lig-
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uids by discontinuous dewetting. To fabricate superole-
ophobic surfaces, however, special designs of surface
topography such as overhang [15, 16] or pinecone-like
structures [14] are needed, and in many cases the sur-
faces obtain this complex topography at the expense of
their laborious preparation, sacrificing mechanical
strength and transparency. [17, 18].

[0006] Also, EP-A-2952 267 and US 2013/078711 de-
scribe silane and thiol-based surface modification.
[0007] The deposition of nanoparticles on solid sub-
strates to form precise two-dimensional arrays repre-
sents another challenge in contemporary nanoscience
research. [29-31] There is need for a straightforward and
simple method for creating two-dimensional patterns of
homogeneous nanoparticle layers.

[0008] In view of the above, the technical problem un-
derlying the present invention is to provide a patterned
substrate which overcomes the shortcomings of the pat-
terned substrates according to the state of the art, in par-
ticular to provide a patterned substrate which is mechan-
ically stable and which makes it possible to form micro-
droplet arrays of fluids having a lower surface tension
than water, and a rapid and straightforward method for
its production.

[0009] The solution to the above technical problem is
achieved by providing the embodiments characterized in
the claims.

[0010] In particular, the present invention relates to a
patterned substrate including a flat surface having a pat-
terned coating, the patterned coating comprising

(i) hydrophilic areas including hydrophilic thioether
groups; surrounded by

(i) hydrophobic areas including hydrophobic
thioether groups separating the hydrophilic areas in-
to a predetermined spatial pattern.

[0011] Due to the specific structure of the patterned
substrate of the present invention, it is possible to adjust
the properties of the hydrophilic and hydrophobic areas
(e.g. the desired contact angle for a certain liquid) by
appropriately selecting the hydrophilic and hydrophobic
thioether groups.

[0012] The substrate includes a surface having hy-
droxyl groups or silanol groups. The substrate comprises
glass.

[0013] The patterned substrate has a flat surface. Al-

though the form of the substrate is not particularly limited,
it preferably has the form of a sheet or a layer. The sub-
strate has a glass surface.

[0014] The hydrophilic and hydrophobic thioether
groups are covalently bound to the surface of the sub-
strate via a dialkyl silyl linker (Si(alkyl),). The covalent
bond is formed between the silicon atom of the linker and
an oxygen atom of the substrate (Si(alkyl),-O).

[0015] The two alkyl groups of the dialkyl silyl linker
are independent from each other. A branched or linear
C, to Cg alkyl group is preferred, while the alkyl groups
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are preferably linear. Particularly preferred is a dimethyl
silyl linker.

[0016] In another preferred embodiment, the hy-
drophilic thioether group is functionalized or unfunction-
alized alkyl thioyl (alkyl-S-). "Functionalized" means that
the alkyl group of the alkyl thioyl may have one or more
functional groups, which preferably are selected from the
group consisting of amine (NH,), hydroxyl (OH), carboxyl
(CO,H), sulfonyl hydroxide (SOsH). It is preferred that
the functionalized alkyl has one functional group. Pref-
erably, the alkyl thioyl is a linear C; to Cg alkyl thioyl,
more preferably a linear C, or C5 alkyl thioyl. Preferably,
the functional group of the linear alkyl thioyl is at the ter-
minal position. A particularly preferred functionalized
alkyl group is 1-aminoethane-2-yl (cysteaminyl). Further
preferred hydrophilic thioether groups include the amino
acid cysteine, cysteine-containing hydrophilic proteins,
cysteine-containing hydrophilic peptides, thiol-contain-
ing sugars, thiol-PEG, or thiol-bearing PVA polymer, and
thiol-polysaccharides

[0017] In another preferred embodiment, the hy-
drophilic thioether group is a thioyl functionalized biomol-
ecule, such as biotin-PEG-S-, wherein "PEG" means pol-
yethylene glycol and "S-" indicates the thioyl residue.
[0018] In a preferred embodiment, the hydrophobic
thioether group is polyfluoroalkyl thioyl. It is preferred that
the polyfluoroalkyl group is a branched or linear C, to
C44 polyfluoroalkyl group, more preferred is a linear C,
to C,, polyfluoroalkyl group. Particularly preferred is
1H,1H,2H,2H-perfluorodecanethioyl
(F3C(CF3)7(CH2),S-) (PFDT).

[0019] In general, surface properties can be classified
into hydrophobic and hydrophilic surfaces depending on
the value of the water contact angle (WCA). Herein, a
surface having a static WCA of at least 90° is referred as
hydrophobic, whereas a static WCA smaller than 90° is
referred as hydrophilic. In practice, two types of WCA
values are used: staticand dynamic. Static water contact
angles (B4,) are obtained by sessile drop measure-
ments, where a drop is deposited on the surface and the
value is obtained by a goniometer or a specialized soft-
ware. Dynamic contact angles are non-equilibrium con-
tactangles and are measured during the growth (advanc-
ing WCA 8,4,) and shrinkage (receding WCA 6,) of a
water droplet. The difference between 6,4, and 6, is
defined as contact angle hysteresis (CAH).

[0020] Inapreferred embodiment of the presentinven-
tion, the hydrophobic areas have a static WCA of at least
90°, preferably greater than 95°, more preferably greater
than 100°, most preferably greater than 110°.

[0021] The sliding angle is a measure of the mobility
of a drop on the surface. The sliding angle of a surface
can be determined by dropping 40 pL of a specific liquid
(such as water, hexane, etc.) on the hydrophilic or hy-
drophobic area of the substrate and incrementally tilting
the substrate in steps of 1°. The angle at which the drop
starts to slide is taken as sliding angle.

[0022] In a preferred embodiment, the sliding angle of
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a specific liquid (such as water, an organic liquid such
as hexane, etc.) on the hydrophobic surface is at most
15°, preferably at most 10°, most preferably at most 5°.
The hydrophobic surface shows dewetting ability to var-
ious liquids. Droplets (of water, an organic liquid such as
hexane, etc.) do not stick to such surfaces and easily
slide off. In a preferred embodiment of the present inven-
tion, hydrophilic areas have a static WCA less than 20°,
preferably less than 10°, more preferably less than 5°,
most preferably close to or of 0°. The hydrophilic surface
shows wetting ability to various liquids. Droplets (of wa-
ter, an organic liquid such as hexane, etc.) are rapidly
absorbed by such surfaces.

[0023] Ina preferred embodiment of the presentinven-
tion, the patterned substrate is a microarray. In another
preferred embodiment of the present invention, the pat-
terned substrate is a microplate having hydrophilic pat-
terns surrounded by the hydrophobic areas. In a more
preferred embodiment of the present invention, the pat-
terned substrate is a microplate having 6, 12, 24, 96, 384,
1536 hydrophilic areas.

[0024] Inapreferred embodiment of the presentinven-
tion, the hydrophilic areas of the patterned substrate are
separated by the hydrophobic areas so as to form an
array of hydrophilic areas surrounded by the hydrophobic
areas.

[0025] In another preferred embodiment of patterned
substance according to the present invention, the hy-
drophilic areas are separated by the hydrophobic areas
so as to form hydrophilic channels. In a more preferred
embodiment of the present invention, the patterned sub-
stance comprises hydrophilic channels on a hydrophobic
background and the patterned substrate is used for mi-
crofluidic applications.

[0026] Inanother preferred embodiment of the present
invention, the hydrophilic areas which are separated by
the hydrophobic barriers in the patterned substrate have
a circular, pentagram (star) or polygonal (e.g. triangular,
square, pentagonal, hexagonal) shape. Hydrophilic are-
as having a triangular or a square shape allow dense
packing of the areas and ease the readout. Nevertheless,
the patterned substrate according to the present inven-
tion is not limited to any array-format.

[0027] Inoneembodimentof the presentinvention, the
area-density of the hydrophilic areas is increased. Pref-
erably, the amount of hydrophilic areas is at least 200
per cm? of the patterned substrate, more preferably at
least 300 per cm? of the patterned substrate, even more
preferably atleast 400 per cm2 of the patterned substrate.
In a particularly preferred embodiment of the present in-
vention, the amount of hydrophilic areas is at least 500
per cm? of the patterned substrate.

[0028] According to an even more preferred embodi-
ment of the present invention, the patterned substrate of
the present invention has a size which fits on a standard
microtiter scaled plate (12 x 8 cm), preferably a size of
about 11 X 7 cm with at least 40000, preferably at least
50000 hydrophilic areas separated by hydrophobic back-
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ground.

[0029] Preferably,inthe patterned substrate according
to the present invention, the overall area-number on the
substrate is significantly increased. In a particularly pre-
ferred embodiment of the present invention, each of the
hydrophilic areas has a side length of 1000 wm or less,
preferably 500 wm or less, more preferably 400 um, 300
pm, 200 wm, 100 wm or less, and most preferably 50 pm
or less, particularly under the provision that the hy-
drophilic areas have a stripe, square or triangular shape.
[0030] In a preferred embodiment of the present appli-
cation the hydrophobic barriers have a width of 500 um
or less, preferably 200 wm or less, more preferably 100
pm or less and even more preferably 60 um or less. A
significant advantage of the patterned substrate accord-
ing to the present invention is that the hydrophobic bar-
riers completely prevent cross-contamination between
the areas, despite the reduced width of the barriers.
[0031] The development of microdroplet array on a
transparent substrate is essential for a range of applica-
tions, such as high-throughput screenings using optical
detection methods, microscopy or UV-Vis absorption
spectroscopy. One of the biggest drawbacks associated
with superhydrophobic and superomniphobic coatings is
their poor transparency due to light scattering. [28] In
contrast, the transmittance of the substrate prior to cre-
ating the hydrophilic and hydrophobic areas essentially
remains unchanged. Preferably, the transmittance drops
by less than 5%, preferably by less than 1%. The drop
of the transmittance is calculated as follows:

100% - (To-T1)/To

To:  transmittance of the substrate prior to creating the
hydrophilic and hydrophobic areas

T, transmittance of the substrate after having created
the hydrophilic and hydrophobic areas

[0032] The transmittance of the patterned substrate is
at least 90%, preferably at least 95% in the visible light
range (300 to 700 nm) (see Fig. 2H and 10). The trans-
mittance is determined for a substrate having a thickness
of 1 mm including a patterned coating. The coating is a
monolayer, i.e. has a thickness of less than 1 nm.
[0033] The patterned substrate according to the
presentinvention can be produced by a method compris-
ing the steps of

(A) providing a substrate including a surface having
hydroxyl groups or silanol groups;

(B) contacting the surface having hydroxyl groups or
silanol groups with a halo dialkyl alkenyl silane to
form dialkyl alkenyl silyl moieties on the surface;
(C) selectively reacting the alkenyl groups of a part
ofthe dialkyl alkenyl silyl moieties with a hydrophobic
thiol to hydrophobic thioether groups;

(D) reacting the alkenyl groups of the remainder of
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the dialkyl alkenyl silyl moieties with a hydrophilic
thiol to hydrophilic thioether groups.

[0034] Of course, the above explanations in respect of
the patterned substrate and the preferred embodiments
thereof also apply its production method and its uses.
Moreover, the below explanations in respect of the pro-
duction method, the preferred embodiments thereof and
the uses of/methods using the patterned substrate also
apply to the patterned substrate, where applicable.
[0035] The halo dialkyl alkenyl silane is not particularly
restricted and preferably has the chemical formula
QR,SiX, where Q represents an alkenyl group, each R
independently represents an alkyl group and X is a hal-
ogen atom. Preferably, X is Cl, Br or |, more preferably
Cl. With respect to the alkyl groups R, the same as al-
ready outlined above applies.

[0036] The alkenyl group may be linear or branched
and is preferably linear. In a preferred embodiment, the
alkenyl group is linear and has one terminal C-C double
bond. The linear alkyl group having a terminal double
bond preferably is a C, to C; alkenyl group. Particularly
preferred is vinyl.

[0037] In a preferred embodiment, step (B) is carried
out by immersing the substrate in a solution containing
the halo dialkyl alkenyl silane. The content of the silane
in the solution preferably is 0.01 to 1 vol%, more prefer-
ably 0.2 to 0.6, e.g. 0.4 vol%. The contacting time is not
particularly limited and preferably is 30 seconds to 10
minutes, more preferably 1 to 3 minutes. The solvent
preferably is selected from the group consisting of dichlo-
romethane, toluene, tetrahydrofuran and mixtures there-
of. Itis further preferred that the solution also contains a
base, such as an amine, for instance a primary, prefer-
ably a secondary or a tertiary amine (e.g. a trialkylamine
such as triethylamine), an inorganic base, an aromatic
base (e.g. pyridine) or mixtures thereof (preferably the
base is contained in a total of 0.5 to 3 vol%, more pref-
erably 1.0 to 2.2 vol%, e.g. 1.6 vol%). Moreover, partic-
ularly in case the halogen of the silane is Cl, a catalyst
such as 4-(dimethylamino)pyridine (preferably 0.1 to 5
mg/mL) may be contained in the solution.

[0038] The reaction temperature during step (B) is not
particularly limited and is preferably 10 to 40°C, more
preferably 15 to 30°C, for instance room temperature
(20°C). When the reaction temperate is in the above
range, no (excessive) temperature control by heating or
cooling is necessary.

[0039] In step (C), the alkene moiety of a part of the
silyl groups bound to the surface is subjected to hydro-
thiolation involving the hydrophobic thiol. Accordingly, in
step (D), the alkyl moiety of the remainder of the silyl
groups is subjected to hydrothiolation involving the hy-
drophilic thiol. Thus, respective (i) hydrophilic and (ii) hy-
drophobic areas are formed so that desired hy-
drophilic/hydrophobic properties of the areas (i) and (ii)
can be adjusted by appropriately selecting the respective
thiols.
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[0040] In step (C), the alkenyl groups of a part of the
dialkyl alkenyl silyl moieties are site-selectively reacted
with a hydrophobic thiol to hydrophobic thioether groups.
That is, only the dialkyl alkenyl silyl moieties, bound to
surface regions where the hydrophobic areas (ii) are to
be formed, are reacted. It is preferred that site-selectivity
is achieved by means of a photomask.

[0041] According to a preferred embodiment of the
present invention, step (C) comprises the steps of

(C1) applying the hydrophobic thiol to the surface
having dialkyl alkenyl silyl moieties;

(C2) covering the surface with the hydrophobic thiol
with a photomask;

(C3)irradiating the surface with the hydrophobic thiol
and the photomask with UV light; and

(C4) removing the photomask.

[0042] In step (C1), the pure hydrophobic thiol as well
as a solution thereof may be applied to the surface. It is
preferred to use a solution of the thiol, wherein the content
of the thiol preferably is 1 to 50 vol%, more preferably 5
to 30 vol%. Suitable solvents are organic solvents such
as acetone, ethanol, ethyl acetate and mixtures thereof.
[0043] A suitable photomask for step (C2) has a low
UV-transmittance, and is for example a quartz chromium
photomask.

[0044] UV irradiation (step (C3)) is preferably carried
out for a duration of 10 seconds to 5 minutes, more pref-
erably 30 seconds to 3 minutes, at 0.5 to 20 mW cm-2,
more preferably 1to 10 mW cm2, at a wavelength of 200
to 360 nm, for instance 260 nm.

[0045] According to a preferred embodiment of the
present invention, step (D) comprises the steps of

(D1) applying the hydrophilic thiol to the surface hav-
ing the remainder of the dialkyl alkenyl silyl moieties;
and

(D2) irradiating the surface with the hydrophilic thiol
with UV light.

[0046] In step (D1), the pure hydrophilic thiol as well
as a solution thereof may be applied to the surface. It is
preferred to use a solution of the thiol, wherein the content
of the thiol preferably is 5 to 50 vol%, more preferably 10
to 30 vol%. Suitable solvents are water and ethanol and
mixtures thereof.

[0047] Inrespectof the preferred irradiation conditions
for step (D2), the same as outlined above in respect of
step (C3) applies. Further, it is preferred to cover the
surface with the hydrophilic thiol with a quartz slide after
step (D1) and before step (D2).

[0048] The presentinvention further relates to a meth-
od for forming an array of separated homogenous non-
aqueous fluid microdroplets of a desired shape and size
in a desired spatial pattern, comprising the steps of:

(a) providing a patterned substrate according to the
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present invention;

wherein the hydrophilic areas have the desired
shape and size and

the hydrophobic areas separate the hydrophilic
areas into the desired spatial pattern; and

(b) applying the non-aqueous fluid to a multitude of
the hydrophilic areas at the same time.

[0049] Due to its specific surface properties, the pat-
terned substrate is suitable for forming high-density ar-
rays of microdroplets of non-aqueous fluids with low sur-
face tension by discontinuous dewetting.

[0050] In a preferred embodiment, the non-aqueous
fluid has a surface tension which is lower than the surface
tension of water. More preferably, the surface tension of
the non-aqueous fluid is at least 18.4 and less than 72.2
mN m-1. In a preferred embodiment, the non-aqueous
fluid is an organic solvent. Suitable organic solvents are
listed in the following Table 1:

Table 1. Surface tension of different liquids at 20°C
(retrieved from http://www.surface-tension.de/).

Liquid o [mN m-1]
Ethylene glycol 47.7
N,N-Dimethylformamide 371
Cyclohexanol 34.4
Olive oil 32.0
n-Hexadecane 27.5
Dichloromethane 26.5
Acetone 25.2
1-butanol 245
Ethyl acetate 23.6
Ethanol 22.1
n-Hexane 184
[0051] Further non-aqueous fluids which are suited for

the above method are toluene, methanol, tetrahydro-
furan, and polymerizable organic monomer compositions
including ethylene dimethacrylate and (meth)acrylic acid.
[0052] In a preferred embodiment, the hydrophilic ar-
eas have at least one compound absorbed thereto which
can diffuse into the non-aqueous fluid microdroplets
formed. The at least one compound may be selected
from the group consisting of chemical compounds, phar-
maceutically active agents, biologically active agents,
toxins, crosslinkers, polymers and mixtures thereof.
Methods for adsorbing any of said compounds to the hy-
drophilic areas are not particularly limited and include for
example the formation of microdroplets of a non-aqueous
fluid containing said compounds and subsequent drying
of the microdroplets.

[0053] Inapreferred embodiment, the method for form-
ing an array of separated homogenous non-aqueous fluid
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microdroplets of a desired shape and size in a desired
spatial pattern further comprises the step of

(c) collecting analytical data from one or more of the
microdroplets.

[0054] Step (c) is not particularly limited, i.e. analytical
data may be collected in any conceivable way and is
preferably carried out by reverse microscope, UV/Vis-
spectrometry, Circular Dichroism spectrometer. By in-
cluding step (c), it is possible to use the patterned sub-
strate according to the present invention for chemical
screening.

[0055] Disclosed is the use of the patterned substrate
for forming a pattern of polymer micropads on a sub-
strate, comprising the steps of

providing a patterned substrate according to the
present invention;

applying a polymerizable monomer composition to
the patterned surface of the patterned substrate for
forming an array of separated homogenous micro-
droplets; and polymerizing the monomer composi-
tion on the patterned surface.

[0056] The polymerizable monomer is not particularly
restricted and comprises (meth)acrylate monomers such
as ethylene dimethacrylate and (meth)acrylic acid. Pref-
erably, the polymerizable monomer composition consist
of the polymerizable monomer and, optionally, a polym-
erization starter. Polymerizing can be carried out by var-
ious methods, including UV-irradiation and heating.
[0057] Due to the specific surface properties of the pat-
terned substrate according to the present invention, the
polymerizable monomer composition aggregates in the
hydrophilic areas of the substrate.

[0058] Preferably, the polymer micropads are polymer
microlenses. Microlense arrays can be used for optical
applications.

[0059] Further disclosed is the use of the patterned
substrate for forming a patterned coating of nanoparticles
on a substrate, comprising the steps of

providing a patterned substrate according to the
present invention;

applying a suspension including a solvent and nan-
oparticles to the patterned surface of the patterned
substrate for forming an array of separated homog-
enous microdroplets; and

evaporating the solvent.

[0060] Using the patterned substrate according to the
present invention, it is possible to form a precise two-
dimensional arrays of nanoparticles on solid substrates.
Asuspensionincluding a (preferably organic) solventand
nanoparticles is applied on the patterned surface of the
patterned substrate, followed by evaporating the solvent.
Preferred organic solvents are hexane, ethanol, toluene,
ethyl acetate.

[0061] The nanoparticles preferably have an arithmetic
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average particle diameter as determined by scanning
electron microscopy ortransmission electron microscopy
of at most 1000 nm.

Examples

Materials and Methods

[0062] 2-Hydroxyethyl methacrylate (HEMA) and eth-
ylene dimethacrylate (EDMA) were purified using a short
column filled with basic aluminum oxide to get rid of the
inhibitors. Gold nanoparticles (250 nm) in PBS solution
were purchased from Alfa Aesar (Germany). The gold
nanoparticles were collected by centrifugation and re-
suspended into ethanol. Oleic acid coated iron oxide na-
noparticles were synthesized according to the literature
[33] All other chemicals were purchased from Sigma-
Aldrich (Germany) and used without further purification.
Schott (Germany) Nexterion Glass B UV transparent
glass plates were used in this work.

Characterization

[0063] Ellipsometric data were acquired using a SEN-
pro ellipsometer (SENTECH Instruments, Germany) in
the rotating analyzer mode in the spectral range of
370-1050 nm. SEM images were obtained using the LEO
1530 Gemini scanning electron microscope (Zeiss, Ger-
many) at the Institute of Nanotechnology (INT), KIT. Prior
to SEM measurements, samples were sputtered with a
10 nm gold layer using a Cressington 108 auto sputter
coater (INT, KIT). The distribution of cysteamine and
PFDT fragments on the surface was confirmed by ToF-
SIMS (ION TOF Inc., Miinster, Germany), IFG, KIT. The
Brightfield images were taken using a Leica DFC360 mi-
croscope (Germany). The fluorescence images were
captured by a Keyence BZ-9000 fluorescent microscope
(Japan). A UK 1115 digital camera from EHD imaging
(Germany) was used to take images of water and hexa-
decane droplets on the surface under ambient condi-
tions. ImageJ software with a Dropsnake plugin was used
to measure the contact angle. UV-Vis spectroscopy was
performed with a HR2000+ high resolution spectrometer
(Ocean Optics Inc., USA) equipped with DH-2000-BAL
light source (Mikropack GmbH, Germany).

Preparation of dewetting-wetting pattern on bare glass

[0064] Two bare glass plates were immersed into 49
mL of dichloromethane containing triethylamine (TEA)
(0.8 mL), chloro(dimethyl)vinylsilane (0.2 mL) and
4-(dimethylamino) pyridine (DMAP) (50 mg, 0.46 mmol)
serving as a catalyst. Then, the solution was stirred at
RT for 2 min. The plates were washed with ethanol and
dried.

[0065] Chloro(dimethyl)vinylsilane modified glass
plates were then wetted with ethyl acetate solution of 20
vol% of 1H,1H,2H,2H-perfluorodecanethiol, covered by
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a quartz chromium photomask, and irradiated by 5.0
mW-cm2 260 nm UV light for 60 s. After removing the
photomask, the glass was washed with acetone and
dried.

[0066] The resulting glass was wetted again with eth-
anol-water (1:1) solution containing 10 wt% of cysteam-
ine hydrochloride, covered by a quartz slide, and irradi-
ated by UV light for 60 s. The plate was washed exten-
sively with ethanol and dried.

[0067] The general surface modification and pattern-
ing procedure is shown in Fig. 1A. A microscope glass
slide was immersed in a dichloromethane solution con-
taining triethylamine (1.6 vol%), 4-(dimethylamino)pyri-
dine (1 mg/mL)as well as chloro(dimethyl)vinylsilane (0.4
vol%) for 2 min under room temperature. The silanization
reaction endowed the glass substrate with a thiol-reactive
monolayer of vinyl groups [19].

[0068] (In an additional experiment, the thickness of
the dimethyl vinyl silyl coating coated in a similar manner
on a silicon wafer as determined by ellipsometry was
0.97+0.08 nm.)

[0069] Inthesecondstep,apatternoffluorinated areas
was prepared by site-selective immobilization of 7H,
1H,2H, 2H-perfluorodecanethiol (PFDT) on the vinyl-
modified glass surface under UV irradiation (1 min, 260
nm, 5 mW/cm2) through a chromium quartz photomask.
The remaining surface vinyl groups were then further
modified by cysteamine hydrochloride using the thiol-ene
reaction. The well-delineated chemical pattern with sharp
edges was confirmed via time-of-flight secondary ion
mass spectrometry (ToF-SIMS) (Fig. 1B and 6). Surface
modification was also confirmed by measuring water and
hexadecane static contact angles () (Fig. 7). Thus,
PFDT- and cysteamine-modified surfaces possessed
38° and 5° hexadecane g, respectively. In addition to
the functionalization of vinyl-modified surfaces by cy-
steamine, we also confirmed site-selective immobiliza-
tion of thiol-containing biomolecules, such as biotin-
PEG-SH (Fig. 8).

[0070] We utilized this surface modification strategy to
create wettable cysteamine micropatterns surrounded by
non-wettable PFDT areas, and studied the effect of dis-
continuous dewetting. The approach to fabricate micro-
droplet arrays is schematically presented in Fig. 2A.
When liquid is moved along a PFDT-cysteamine pat-
terned glass surface, the solvent discontinuously dewets
at the PFDT barriers and spontaneously forms a high-
density array of separated droplets, each located on cy-
steamine-modified areas (Fig. 2B). Microdroplets with
complex geometries such as squares, triangles, stars
(Fig. 2C) or even lines of 20 pm-wide channel-like drop-
lets (Fig. 2E), could be formed. Apart from hexadecane,
many other low surface tension organic liquids, such as
olive oil (32 mN m-1), dimethylformamide (37.1 mN m-1),
dichloromethane (26.5 mN m-1), ethyl acetate (23.6 mN
m-1), acetone (25.2 mN m™1), ethanol (22.1 mN m™1), and
n-hexane (18.4 mN m-1), were used to form correspond-
ing microdroplet arrays (Fig. 2D and 9). Finally, the di-
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ameter and height of hexadecane droplets formed on
cysteamine circles of 1000 pwm diameter measured
10007 pm and 542 pum, respectively (Fig. 2F), illus-
trating good uniformity of the droplets produced via dis-
continuous dewetting method.

Preparation of superhydrophobic porous surface and su-
perhydrophobic-superhydrophilic micropatterns

[0071] We employed a recently published procedure
[35] to make superhydrophobic surface and superhydro-
phobic-superhydrophilic micropatterns on nanoporous
HEMA-EDMA polymer layers.

Comparison of mechanical stability of patterned sub-
strate accordingtothe presentinvention with porous solid
surface

[0072] Another challenge all common superwettable
surfaces share is their low mechanical stability resulting
from their porous or hierarchical surface topography. The
advantage of the non-porous solid surfaces according to
the present invention is that they are mechanically more
stable. Here we show the PFDT-modified glass retained
its dewetting behavior after subjection to different me-
chanical treatments, such as scrubbing with a tissue pa-
per, pressing or performing multiple adhesive tape peel
tests. Thus, the sliding angle of PFDT-modified glass did
not significantly increase even after 25 tape peel tests,
while the patterned glass could still be used to create
microdroplets arrays even after 100 tape peel tests (Fig.
11). In contrast, a superhydrophobic fluorinated porous
poly(2-hydroxyethyl methacryate-co-ethylene dimeth-
acrylate) lost its superhydrophobicity after 10 tape peel
tests (Fig. 11(A)).

Preparation of poly(ethylene dimethacrylate) micropad
array

[0073] First, 30 pL of a mixture of ethylene dimethacr-
ylate (EDMA) and 2,2-dimethoxy-2-phenylacetophe-
none (photoinitiator, 1 wt. %) was drained off a pre-pat-
terned PFDT-cysteamine glass plate to form an array of
monomer microdroplets. Then the glass substrate was
placed into a flask filled with N, and irradiated with UV
(312 nm, 2.0 mW-cm-2) for 30 min and washed with ac-
etone.

[0074] As explained above and displayed in Fig. 5A,
an array of ethylene dimethacrylate microdroplets with
the desired geometries was formed on a pre-patterned
glass, followed by photopolymerization under N, atmos-
phere to form an array of PMPs (polymer micropads),
creating poly(ethylene dimethacrylate) micropads with
features down to 30 wm (volume 0.84 pL) and circular,
square, triangular or more complex shapes (Fig. 5B,C).
Due to their arched shape and transparency, such arrays
of transparent polymer micropads of defined shapes be-
have as arrays of microlenses (Fig. 5D,E).
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Preparation of flexible and smooth HEMA-EDMA poly-
mer layer

[0075] A piece of cellulose membrane (Whatman re-
generated cellulose membrane filter, pore size 0.2 pm)
was placed on a Teflon film (American Durafilm Co.) sub-
strate and wetted by polymerization mixture of HEMA (89
wt%), EDMA (10 wt%) and 2,2-dimethoxy-2-phenylace-
tophenone (photoinitiator, 1 wt%). Then this cellulose
membrane was covered by another Teflon film and irra-
diated for 15 min with 5.0 mW-cm-2 260 nm UV light. After
removing the Teflon films, the resulting polymer layer was
washed extensively with ethanol.

[0076] In order to create a PFDT-cysteamine pattern,
the HEMA-EDMA polymer layer was functionalized and
patterned by the same manner as described for the func-
tionalization of glass plates (see also Figure 1A).
[0077] Ascanbetakenfrom Fig.5F, the chemical mod-
ification approach according to the present invention can
be applied to create wetting-dewetting micropatterns and
corresponding organic droplet microarrays on flexible
polymeric substrates bearing surface hydroxyl groups
such as smooth poly(2-hydroxyethyl methacrylate-co-
ethylene dimethacrylate) (HEMA-EDMA) membrane.

Measurement of sliding angles

[0078] To characterize the PFDT-surface for its resist-
ance to liquid droplet mobility, so important for achieving
discontinuous dewetting, sliding angles with 10, 20, 30
and 40 pL droplets of liquids possessing different surface
tension (see Table 1) were measured (Fig. 1C). Allliquids
with surface tensions between 47.7 and 18.4 mN m-"
displayed sliding angles less than 10° for droplets above
30 pL revealing the PFDT-modified glass’s remarkable
dynamic dewettability. The sliding angles of organic lig-
uids increased upon lowering the droplet volumes from
40 to 10 pL, which can be attributed to the static friction
between the droplet and substrate.[20] The cysteamine
modified surface, on the other hand, displayed ideal wet-
tability by all organic solvents tested with a receding con-
tact angle approaching 0°.

Sandwiching approach

[0079] The main potential of microarray platforms con-
sists in the possibility of high-throughput screening (HTS)
applications. However, itis usually difficult to add libraries
of different chemicals simultaneously into individual lig-
uid microreservoirs. Here we employed the "sandwich-
ing" approach [7] to enable the parallel single-step addi-
tion of different chemicals into individual organic solvent
microdroplets formed via the discontinuous dewetting
approach. A schematic representation of the organic
droplet-array sandwich platform is shown in Fig. 3A. A
library-microarray (LMA) slide (Fig. 3B) was prepared by
printing two different dyes onto a fluorinated glass slide.
In the second step, an array of 1-butanol microdroplets
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(1000 wm square pattern) was sandwiched with the LMA
slide leading to the dissolution of the chemicals in the
individual microdroplets without cross-contamination be-
tween adjacent droplets (Fig. 3C). This method sets the
stage for performing miniaturized and parallel high-
throughput chemical reactions in organic solvents with-
out multiple pipetting steps. In addition, water-oil inter-
faces in microdroplets can be formed by sandwiching an
oil microdroplet array with an aqueous microdroplet array
formed on a superhydrophobic-superhydrophilic pattern
(Fig. 3D-F), thereby enabling miniaturized parallel liquid-
liquid microextractions or heterophasic organic reac-
tions.

Preparation of two-dimensional pattern ofhomogeneous
nanoparticle layers

[0080] As can be taken from Fig. 4A, microdroplet ar-
rays can be applied to create two-dimensional patterns
of homogeneous nanoparticle layers. Fig. 4B illustrates
a pattern of gold nanoparticles (Au NPs) prepared by
sliding an ethanol suspension of 200 nm Au NPs along
apre-patterned glass surface. Another array of oleic acid-
coated iron oxide nanoparticles fabricated using the
same procedure is shown in Fig. 4C. The iron oxide na-
noparticles were suspended in n-hexane and self-as-
sembled into hexagon-shape homogeneous patterns. In-
terestingly, there is almost no "coffee ring" effect in this
case, most probably because the evaporation of hexane
happens much faster than the liquid flow generated by
the uneven evaporation at the edge of the droplets as in
the case of slow evaporation of aqueous solutions. [32]

Description of the drawings

[0081]

Figure 1. (A) Schematic representation of the silan-
ization reaction and UV-induced thiol-ene photo-
click reactions for creating the wetting-dewetting mi-
cropatterns. (B) ToF-SIMS 2D graphs of negative
CF3- and the CN- secondary ions, showing the pat-
terning of PFDT and cysteamine, respectively. Scale
bar: 500 wm. (C) Sliding angles of low surface ten-
sion solvents on PFDT-modified glass (see Table 1
for more details).

Figure 2. (A) Schematic representation of the fabri-
cation of a microdroplet array of low surface tension
liquid via discontinuous dewetting. (B) Formation of
an array of hexadecane microdroplets on a PFDT-
cysteamine patterned glass slide. (C) Brightfield mi-
croscopy images of hexadecane microdroplets of
different geometries. (D) Brightfield microscopy im-
ages of acetone, ethanol and hexane microdroplet
arrays. (E) Fluorescence microscopy image of an
array of microchannels formed by rolling an acetone
solution of fluorescein along a glass slide patterned
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with 20-pum cysteamine-modified stripes. (F) Quan-
tification of diameters and heights of hexadecane
droplets formed on a 1 mm circular pattern. (G) Flu-
orescence microscopy image of ethanol droplets
containing a fluorescein dye. A graph showing the
fluorescence intensity profile along the row of drop-
lets (inset). (H) UV-NIR transmittance spectra of bare
glass, PFDT-modified glass, glass coated with a po-
rous polymethacrylate layer,[10] and gold coated
glass (100 nm Au/5 nm Tievaporated on glass slide).
The transparency of the PFDT-modified glass is
comparable with that of bare glass slide and above
90% in the visible range. Scale bars: B, 2 mm; C,
200 pm; D and G, 500 pm; E, 50 pm.

Figure 3. (A) Schematic representation of simulta-
neous addition of chemicals from a library-microar-
ray (LMA) slide into each individual organic micro-
droplet by using a droplet-array sandwiching tech-
nology. (B) Fluorescence microscopy image of a
LMA slide. Rhodamine 6G and FITC were printed
onto a PFDT-modified glass by using a noncontact
ultralow volume dispenser. (C) Fluorescence micro-
scopy images of an array after transferring the dyes
from LMA into the individual 1-butanol microdroplets
using the sandwiching method. (D) Schematic rep-
resentation of generation of the interfaces between
oiland aqueous microdroplets by using droplet-array
sandwiching technology. (E) Brightfield and fluores-
cence microscopy images of hexadecane droplets
(top), Rhodamine B dyed water droplets (middle) and
the droplets after sandwiching (bottom). A superhy-
drophobic-superhydrophilic polymer surface [10]
was used for fabricating water droplets. (F) Side view
of the interfaces between hexadecane and water
microdroplets. Scale bars: 500 pm.

Figure 4. (A) Schematic representation of the fabri-
cation of 2-dimensional nanoparticle arrays using
the method of discontinuous dewetting. (B) Bright-
field microscopy image of an array of Au nanoparti-
cles formed using theirethanol dispersion. Scale bar:
500 pm. SEM image shows the formation of coffee
ring structures at the corners. (C) SEM images of an
array of oleic acid coated iron oxide nanoparticles
formed by the discontinuous dewetting of their hex-
ane dispersion. High-magnification image shows the
absence of the coffee ring effect due to the fast evap-
oration of hexane droplets.

Figure 5. (A) Schematic representation of the for-
mation of 2.5D polymer micropad arrays. Liquid eth-
ylene dimethacrylate monomer is first self-assem-
bled into microdroplets with desired geometry on a
pre-patterned glass slide, and then polymerized un-
der UV light. (B) Brightfield images of poly(ethylene
dimethacrylate) micropads with square (left) and tri-
angle (middle) geometries, and a 3D-profilometry
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image of a star-shaped micropad (right). (C) SEM
image of poly(ethylene dimethacrylate) micropads
as small as 33 wm in diameter. Diameter and heights
of five polymer micropads are measured by optical
profilometry. (D) Experimental setup of the projec-
tion experiment. (E) Optical micrograph of images
projected through an array of microlenses. Original
image is in the inset. (F) Photograph of a flexible
HEMA-EDMA polymer layer with a hexadecane
microdroplet array. A brightfield microscopy image
of the hexadecane array on the polymer film is in-
serted. Scale bars: B and F, 500 um; C, 50 um; E,
300 pm.

Figure 6. High resolution ToF-SIMS image of a pat-
terned substrate (F—-ions), showing a sharp edge of
the PFDT-modified pattern.

Figure 7. Water (left column) and n-hexadecane
(right column) static contact angles on various sur-
faces.

Figure 8. A vinyl-modified glass was site-selectively
modified by 1H,1H,2H,2H-perfluorodecanethiol.
Then a microdroplets array of acetone solution con-
taining biotin-PEG-thiol (100 mg/mL) was generated
on the pre-patterned glass and irradiated under UV
light, followed by washing. The pattern was visual-
ized by incubating the substrate with a solution of
Alexa Fluor 594-labeled streptavidin.

Figure 9. Brightfield microscopy images of dichlo-
romethane (DCM), acetone, ethyl acetate (EtOAc),
ethanol, olive oil and N,N-dimethylformamide (DMF)
microdroplet arrays prepared by discontinuous
dewetting method on a prepatterned glass. The side
length of the square spots is 500 pm.

Figure 10. (A) Transmittance spectra of bare glass,
PFDT-modified glass, porous polymer layer coated
glass[35] and gold coated glass. [36] Compared with
bare glass, the transparency of a PFDT-modified
glass is unchanged and above 90% in the visible
light range. (B) Photograph showing the relative
transparency of a hexadecane microdroplets array
on a patterned glass. The resulting hexadecane
microdroplets array is highly transparent and the
background photo is clearly visible through the sam-
ple.

Figure 11. (A) Sliding angles of 20 pL ethanol drop-
lets on a PFDT-modified glass (blue °) as well as 8
L water droplet on a superhydrophobic porous pol-
ymer layer [35] (red ) after tape peel test (sticking
and removing the adhesive "Scotch tape") for differ-
ent times. After 10 times of tape peel tests, the po-
rous polymer layer lost its superhydrophobicity, in-
dicating the polymer was removed layer by layer.
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However, the sliding angle of PFDT-modified glass
remains unchanged during 25 times of the tape peel
tests, showing good mechanical durability. A photo-
graph showing the tape peel test is inserted. (B) The
brightfield image of ethanol and hexadecane micro-
droplet arrays on a pre-patterned glass. This prepat-
terned glass can be used as a template for generat-
ing liquid microdroplets array even after the tape peel
tests for 100 times.

[0082] The presentinvention provides arapid and con-
venient surface functionalization method allowing to cre-
ate mechanically highly stable transparent micropatterns
of both highly wettable and non-wettable slippery areas
on substrates such as glass sheets. These patterns can
be used to realize a single-step approach for the fabri-
cation of arrays of low surface tension liquid microdrop-
lets via the discontinuous-dewetting method. A wide
range of low surface tension liquids including ethanol,
methanol, acetone, dichloromethane, toluene and even
hexane can be used to produce arrays of separated
microdroplets with square, circular, hexagon or more
complex shapes. Such single step formation of thou-
sands of organic microdroplets in precise locations in an
array format and with the same volumes provides a
unique solution for ultra high-throughput chemical
screening applications. The possibility of the parallel ad-
dition of different chemicals into the individual organic
microdroplets can be realized by applying the sandwich-
ing method. This method can also be employed to form
arrays of low surface tension liquid methacrylate mono-
mers, followed by their polymerization to create high-den-
sity arrays of polymer microlenses with specific shapes
and positions of each lens. This approach is also uniquely
suited to create patterns of hydrophobic nanoparticles
that can be only dispersed in organic solvents. Two-di-
mensional (2D) patterns of various nanoparticles, includ-
ing both gold and magnetic iron oxide nanoparticles, can
be produced by using the patterned substrate according
to the present invention.

[0083] The present invention provides a straightfor-
ward approach for surface patterning that enables the
fabrication of high-density arrays of microdroplets by dis-
continuous dewetting which is particularly compatible
with organic liquids with low surface tension (preferably
a surface tension less than that of water). According to
aparticularly preferred embodiment, the method is based
on the chemical modification of a chloro(dimethyl)vinyl-
silane-coated flat glass surface with 1H,1H,2H, 2H-per-
fluorodecanethiol (PFDT) via the UV-induced thiol-ene
click reaction. Since the method does not necessarily
involve superoleophobic or superhydrophobic surfaces,
it eliminates the problems of low transparency and com-
plexfabrication, and makes substrates with excellent me-
chanical stability possible. Thanks to the feasibility of us-
ing organic solvents to prepare high-density droplet
microarrays, this approach enables the formation of ho-
mogeneous arrays of hydrophobic nanoparticles, poly-
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mer micropads of controlled shapes, as well as polymer
microlens arrays. Organic microdroplet arrays prepared
on flexible polymeric substrates have been also realized.
[0084] In conclusion, the present invention provides a
rapid and convenient surface functionalization method
to create transparent micropatterns of both highly wetta-
ble and non-wettable slippery areas e.g. on smooth
glass. These patterns can be used to realize a single-
step approach for the fabrication of arrays of low surface
tension liquid microdroplets via the discontinuous-dewet-
ting method. A wide range of low surface tension liquids
including ethanol, methanol, acetone, dichloromethane,
toluene and even hexane can be used to produce arrays
of separated microdroplets with square, circular, hexa-
gon or more complex shapes. Such single step formation
of thousands of organic microdroplets in precise loca-
tions in an array format and with the same volumes pro-
vides a unique solution for ultra high-throughput chemical
screening applications. The possibility of the parallel ad-
dition of different chemicals into the individual organic
microdroplets was realized by applying the sandwiching
method. The present invention can be employed also to
form arrays of low surface tension liquid methacrylate
monomers, followed by their polymerization to create
high-density arrays of polymer microlenses with specific
shapes and positions of each lens. This approach is also
uniquely suited to create patterns of hydrophobic nano-
particles that can be only dispersed in organic solvents.
To provide examples, 2D patterns of both gold and mag-
netic iron oxide nanoparticles were provided.
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Claims

A patterned substrate including a flat surface having
a patterned coating, the patterned coating compris-

ing

(i) hydrophilic areas including hydrophilic
thioether groups; surrounded by

(ii) hydrophobic areas including hydrophobic
thioether groups separating the hydrophilic ar-
eas into a predetermined spatial pattern,
wherein the hydrophilic and hydrophobic
thioether groups are covalently bound to the sur-
face of the substrate via a dialkyl silyl linker,
wherein the covalent bond is formed between
the silicon atom of the linker and an oxygen atom
of the substrate, wherein the surface of the sub-
strate is a glass surface,

and

wherein the transmittance of the patterned sub-
strate is at least 90% in the visible light range,
i.e. 300 to 700 nm, and

wherein the patterned substrate has a non-po-
rous solid surface.

The patterned substrate according to claim 1, where-
in

the hydrophilic thioether group is functionalized
or unfunctionalized alkyl thioyl; and

the hydrophobic thioether group is polyfluoro-
alkyl thioyl.

A method for producing the patterned substrate ac-
cording to claim 1 or 2 comprising the steps of

(A) providing a substrate including a surface
having hydroxyl groups or silanol groups;

(B) contacting the surface having hydroxyl
groups or silanol groups with a halo dialkyl alke-
nyl silane to form dialkyl alkenyl silyl moieties on
the surface;

(C) selectively reacting the alkenyl groups of a
part of the dialkyl alkenyl silyl moieties with a
hydrophobic thiol to hydrophobic thioether
groups;

(D) reacting the alkenyl groups of the remainder
of the dialkyl alkenyl silyl moieties with a hy-
drophilic thiol to hydrophilic thioether groups,
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wherein the patterned substrate has a non-porous
solid surface.

The method according to claim 3,

wherein step (C) comprises the steps of

(C1) applying the hydrophobic thiol to the sur-
face having dialkyl alkenyl silyl moieties;

(C2) covering the surface with the hydrophobic
thiol with a photomask;

(C3)irradiating the surface with the hydrophobic
thiol and the photomask with UV light; and
(C4) removing the photomask.

The method according to claim 3 or 4,

wherein step (D) comprises the steps of

(D1) applying the hydrophilic thiol to the surface
having the remainder of the dialkyl alkenyl silyl
moieties; and

(D2) irradiating the surface with the hydrophilic
thiol with UV light.

A method for forming an array of separated homog-
enous non-aqueous fluid microdroplets of a desired
shape and size in a desired spatial pattern, compris-
ing the steps of:

(a) providing a patterned substrate according to
claim 1 or 2;

wherein the hydrophilic areas have the de-
sired shape and size and

the hydrophobic areas separate the hy-
drophilic areas into the desired spatial pat-
tern;

and
(b) applying the non-aqueous fluid to a multitude
of the hydrophilic areas at the same time.

The method according to claim 6;
wherein the non-aqueous fluid has a surface tension
which is lower than the surface tension of water.

The method according to claim 6 or 7;
wherein the non-aqueous fluid has a surface tension
of at least 18.4 and less than 72.2 mN m-1.

The method according to any one of claims 6 to 8;
wherein the hydrophilic areas have at least one com-
pound absorbed thereto which can diffuse into the
non-aqueous fluid microdroplets formed.

The method according to any one of claims 6 to 9;

wherein the at least one compound is selected from
the group consisting of chemical compounds, phar-
maceutically active agents, biologically active
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agents, toxins, crosslinkers, polymers and mixtures
thereof.

11. The method according to any one of claims 6 to 10;
further comprising the step of
(c) collecting analytical data from one or more of the
microdroplets.

Patentanspriiche

1. Strukturiertes Substrat, enthaltend eine flache Ober-

flache mit einer strukturierten Beschichtung, wobei
die strukturierte Beschichtung

(i) hydrophile Bereiche, enthaltend hydrophile
Thioethergruppen; umgeben von

(ii) hydrophoben Bereichen, enthaltend hydro-
phobe Thioethergruppen, die die hydrophilen
Bereiche in einer vorbestimmten raumlichen
Struktur trennen,

umfasst,

wobei die hydrophilen und hydrophoben Thioe-
thergruppen kovalent an die Oberflache des
Substrats Uber einen Dialkylsilyl-Linker gebun-
densind, wobei die kovalente Bindung zwischen
dem Siliziumatom des Linkers und einem Sau-
erstoffatom des Substrats gebildet ist, wobei die
Oberflache des Substrats eine Glasoberflache
ist,

und

wobei der Transmissionsgrad des strukturierten
Substrats mindestens 90% im Bereich des sicht-
baren Lichts, d.h. 300 bis 700 nm, betragt, und
wobei das strukturierte Substrat eine nicht-po-
rose feste Oberflache aufweist.

2. Strukturiertes Substrat nach Anspruch 1, wobei

die hydrophile Thioethergruppe funktionalisier-
tes oder unfunktionalisiertes Alkylthioyl ist; und
die hydrophobe Thioethergruppe Polyfluoral-
kylthioyl ist.

3. Verfahren zur Herstellung des strukturierten Subst-

rats nach Anspruch 1 oder 2, umfassend die Schritte

(A) des Bereitstellens eines Substrats, enthal-
tend eine Oberflache mit Hydroxylgruppen oder
Silanolgruppen;

(B) des Inkontaktbringens der Oberflache, die
Hydroxylgruppen oder Silanolgruppen aufweist,
mit einem Halodialkylalkenylsilan zur Bildung
von Dialkylalkenylsilyl-Einheiten auf der Ober-
flache;

(C) des selektiven Umsetzens der Alkenylgrup-
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pen eines Teils der Dialkylalkenylsilyl-Einheiten
mit einem hydrophoben Thiol zu hydrophoben
Thioethergruppen;

(D) des Umsetzens der Alkenylgruppen des
Rests der Dialkylalkenylsilyl-Einheiten mit ei-
nem hydrophilen Thiol zu hydrophilen Thioe-
thergruppen,

wobei das strukturierte Substrat eine nicht-pordse
feste Oberflache aufweist.

4. Verfahren nach Anspruch 3,

wobei Schritt (C) die Schritte

(C1) des Aufbringens des hydrophoben Thiols
auf die Oberflache mit Dialkylalkenylsilyl-Ein-
heiten;

(C2) des Bedeckens der Oberflache mitdem hy-
drophoben Thiol mit einer Fotomaske;

(C3) des Bestrahlens der Oberflache mit dem
hydrophoben Thiol und der Fotomaske mit UV-
Licht; und

(C4) des Entfernens der Fotomaske

umfasst.

5. Verfahren nach Anspruch 3 oder 4,

wobei Schritt (D) die Schritte

(D1)des Aufbringens des hydrophilen Thiols auf
die Oberflache mit dem Rest der Dialkylalkenyl-
silyl-Einheiten; und

(D2) des Bestrahlens der Oberflache mit dem
hydrophilen Thiol mit UV-Licht umfasst.

Verfahren zur Bildung einer Anordnung von getrenn-
ten homogenen, nichtwassrigen Flissigkeitsmikro-
trépfchen einer gewilinschten Form und GréRe in ei-
ner gewinschten raumlichen Struktur, umfassend
die Schritte:

(a) des Bereitstellens eines strukturierten Sub-
strats nach Anspruch 1 oder 2;

wobei die hydrophilen Bereiche die ge-
wiinschte Form und GroRe aufweisen und
die hydrophoben Bereiche die hydrophilen
Bereiche in die gewiinschte raumliche
Struktur trennen;

und

(b) des Aufbringens der nichtwassrigen Flissig-
keit auf eine Mehrzahl der hydrophilen Bereiche
zur gleichen Zeit.

Verfahren nach Anspruch 6;
wobei die nichtwassrige Flussigkeit eine Oberfla-
chenspannung aufweist, die niedriger ist als die
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Oberflachenspannung von Wasser.

Verfahren nach Anspruch 6 oder 7;

wobei die nichtwassrige Flussigkeit eine Oberfla-
chenspannung von mindestens 18,4 und weniger als
72,2 mN m-1 aufweist.

Verfahren nach einem der Anspriiche 6 bis 8;
wobei die hydrophilen Bereiche mindestens eine da-
ran absorbierte Verbindung aufweisen, die in die ge-
bildeten nichtwassrigen Flissigkeitsmikrotropfchen
diffundieren kann.

Verfahren nach einem der Anspriiche 6 bis 9;
wobei die mindestens eine Verbindung ausgewahlt
ist aus der Gruppe, bestehend aus chemischen Ver-
bindungen, pharmazeutisch aktiven Wirkstoffen, bi-
ologisch aktiven Wirkstoffen, Toxinen, Vernetzern,
Polymeren und Gemischen davon.

Verfahren nach einem der Anspriiche 6 bis 10;
weiter umfassend den Schritt

(c) des Sammelns analytischer Daten von ei-
nem oder mehreren der Mikrotropfchen.

Revendications

1.

Substrat a motif incluant une surface plate ayant un
revétement a motif, le revétement a motif compre-
nant

(i) des zones hydrophiles incluant des groupes
thioéther hydrophiles ; entourées de

(ii) zones hydrophobes incluant des groupes
thioéther hydrophobes séparant les zones hy-
drophiles en un motif spatial prédéterminé,
dans lequel les groupes thioéther hydrophiles
et hydrophobes sont liés par covalence a la sur-
face du substrat par le biais d’un coupleur dialk-
yle silyle, dans lequel la liaison covalente est
formée entre I'atome de silicium du coupleur et
un atome d’oxygéne du substrat, dans lequel la
surface du substrat est une surface de verre,
et

dans lequel la transmittance du substrat a motif
est d’au moins 90 % dans la plage de lumiére
visible, c’est-a-dire 300 a 700 nm, et

dans lequel le substrat a motif a une surface
solide non poreuse.

2. Substrata motifselon larevendication 1, dans lequel

le groupe thioéther hydrophile est de lalkyle
thioyle fonctionnalisé ou non fonctionnalisé ;
et

le groupe thioéther hydrophobe est du polyfluo-
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roalkyle thioyle.

Procédé de production du substrat a motif selon la
revendication 1 ou 2 comprenant les étapes consis-
tant a

(A)fournirun substratincluantune surface ayant
des groupes hydroxyle ou groupes silanol ;

(B) mettre en contact la surface ayant des grou-
pes hydroxyle ou groupes silanol avec un
halogéno dialkyle alkényle silane pour former
des groupes fonctionnels dialkyle alkényle silyle
sur la surface ;

(C) faire réagir sélectivement les groupes alké-
nyle d’une partie des groupes fonctionnels dialk-
yle alkényle silyle avec un thiol hydrophobe en
groupes thioéther hydrophobes ;

(D) faire réagir les groupes alkényle du reste
des groupes fonctionnels dialkyle alkényle silyle
avec un thiol hydrophile en groupes thioéther
hydrophiles,

dans lequel le substrat a motif a une surface solide
non poreuse.

Procédé selon la revendication 3,

dans lequel I'étape (C) comprend les étapes
consistant a

(C1) appliquer le thiol hydrophobe a la surface
ayant des groupes fonctionnels dialkyle alkény-
le silyle ;

(C2) recouvrir la surface avec le thiol hydropho-
be d’un masque photographique ;

(C3) irradier la surface avec le thiol hydrophobe
etle masque photographique avec de la lumiére
UV ; et

(C4) retirer le masque photographique.

Procédé selon la revendication 3 ou 4,

dans lequel I'étape (D) comprend les étapes
consistant a

(D1) appliquer le thiol hydrophile a la surface
ayant le reste des groupes fonctionnels dialkyle
alkényle silyle ; et

(D2) irradier la surface avec le thiol hydrophile
avec de la lumiére UV.

Procédé de formation d’'une série de microgouttelet-
tes de fluide non aqueux homogénes séparées d’une
forme et taille souhaitées en un motif spatial souhai-
té, comprenant les étapes consistant a :

(a) fournir un substrat a motif selon la revendi-
cation 1ou 2 ;

dans lequel les zones hydrophiles ont la forme
et taille souhaitées et les zones hydrophobes
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10.

1.

séparent les zones hydrophiles en le motif spa-
tial souhaité ;

et

(b) appliquer le fluide non aqueux a une multi-
tude des zones hydrophiles en méme temps.

Procédé selon la revendication 6,

dans lequel le fluide non aqueux a une tension de
surface qui est inférieure a la tension de surface de
I'eau.

Procédé selon la revendication 6 ou 7,
dans lequel le fluide non aqueux a une tension de
surface d’au moins 18,4 et inférieure 8 72,2 mN m-1.

Procédé selon I'une quelconque des revendications
6 a8,

dans lequel les zones hydrophiles ont au moins un
composé absorbé sur elles qui peut se diffuser dans
les microgouttelettes de fluide non aqueux formées.

Procédé selon I'une quelconque des revendications
6a09,

dans lequel 'au moins un composé est sélectionné
parmi le groupe constitué de composés chimiques,
agents pharmaceutiquement actifs, agents biologi-
quement actifs, toxines, agents de réticulation, po-
lyméres et mélanges de ceux-ci.

Procédé selon I'une quelconque des revendications
6a10,

comprenant en outre I'étape consistant a

(c) recueillir des données analytiques d’'une ou plu-
sieurs des microgouttelettes.
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Figure 2

(A) bulk solution microdroplets array |

/ » - /'_!» ;L::';.“:‘r 7
/ ' : .

/

hexadecane
Yw=27.5mNm"

acetoe ethanol hexane
¥v=25.2 mN m"! Yv=22.1 mN m’! Y=18.4 mN m!

1000 D

= —d |8
800 - 54 | 6o
600 -
00 -

—

(=]

(=]

o
1

T
H

B 8
wri/qysioy

(=2
(=]

o
1
(=

(H) 100 . 1
i . ,

T 80 -f ) N

S | bareglass !

é‘ 60 PEPT-modified !

5} K lass !

5 40 glas :

& ot porous surface

g wf

= .- --gold substrate
0 rESPEEFEEU EE TG N SN T
250 500 750 1000

wavelength (nm)

distance

17



EP 3 205 394 B1

Figure 3
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Figure 4
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Figure 5
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Figure 6
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