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Figure 6A

(57) Abréegée/Abstract:

A microfluidic arrangement for manipulating fluids Is provided. The microfluidic arrangement comprises a substrate, a first fluid ana
a second fluid, which is immiscible with the first fluid. The first fluid Is arranged to be at least partially covered by the second fluid.
The first fluid Is arranged In a desired shape on an unpatterned surface of the substrate. The first fluid is retained Iin said shape by a
fluid Iinterface between the first and second fluids. A microfluidic arrangement comprising an array of drops Is also provided. The
microfluidic arrangement comprises a substrate, a first fluid and a second fluid, which I1s immiscible with the first fluid. The first fluid
IS arranged to be at least partially covered by the second fluid. The first fluid Is arranged to be covered at least partially by the
second fluid. The first fluid Is arranged In a given array of drops on an unpatterned surface of the substrate. Each drop cross
section area having a (height:width) aspect ratio of (1:2) or less. A method of fabricating a microfluidic arrangement for
manipulating fluids Is also provided. The method comprises arranging a first fluid on an unpatterned surface of a substrate In a
desired shape. The method also comprises arranging a second fluid, which I1s immiscible with the first fluid, to cover the first fluid at
least partially. The first fluid Is retained In said shape by a fluid interface between the first and second fluids. The method also
comprises drying the first fluid to form a residue In said shape on the substrate.
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(87) Abstract: A microfluidic arrangement for manipulating tluids 1s provided. The microfluidic arrangement comprises a substrate,
a first fluid and a second fluid, which i1s immiscible with the first fluid. The first fluid 1s arranged to be at least partially covered by
the second fluid. The first tluid 1s arranged in a desired shape on an unpatterned surface of the substrate. The first fluid 1s retained n
sald shape by a fluid interface between the first and second fluids. A microfluidic arrangement comprising an array of drops is also
provided. The microfluidic arrangement comprises a substrate, a first fluid and a second fluid, which 1s immiscible with the first tlu -
1d. The first fluid 1s arranged to be at least partially covered by the second fluid. The first fluid 1s arranged to be covered at least par -
tially by the second fluid. The first fluid 1s arranged 1n a given array of drops on an unpatterned surface of the substrate. Each drop
cross section area having a (height:width) aspect ratio of (1:2) or less. A method of fabricating a microtluidic arrangement for ma -
nipulating fluids 1s also provided. The method comprises arranging a first fluid on an unpatterned surface of a substrate in a desired
shape. The method also comprises arranging a second fluid, which 1s immiscible with the first fluid, to cover the first tluid at least
partially. The first thuid 1s retained i said shape by a fluid intertace between the first and second tluids. The method also comprises

drying the first fluid to for

'm a residue in said shape on the substrate.
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Microfluidic arrangements
The present invention relates to the field of microfluidics.

Microfluidics 1s a term commonly used to describe the study of fluid flow behaviour inside channels
of sub-millimetre cross-section. A microfluidic arrangement (or “network”) of chambers and
interconnecting channels may be provided on a hydrophilic substrate, such as polydimethylsiloxane
(PDMS), for convenient transport/manipulation of fluid or solutes from one chamber to another or
within a channel. A substrate having a microfluidic arrangement like this may be called a
microfluidic “chip” or “device”.

Such a network of chambers and inter-connecting channels 1s usually defined by solid walls, which
are typically etched into the surface of the substrate, or made using PDMS and soft lithography.
However, microfluidic arrangements can be slow to create and their formation may require
complicated apparatus. Moreover, the biocompatibility of such microfluidic devices remains
questionable as the substrate may interact with cells/media in the fluud being transported. For
example, 1n cell biology, cells are often grown on a polystyrene substrate, but polystyrene 1s used
rarely 1n microfluidic devices.

The ability to add and remove small volumes of reagent(s) to and from small fluid chambers via fluid
conduits has many applications 1n industry, including studies of biological processes like the immune
response, cancer, and tissue development, for example. Methods of delivering reagents in
microfluidics include using micropipettes, hydrogels, Zigmond chambers, and microfluidic devices,
for example.

The invention aims to provide a microfluidic arrangement that 1s both simple to create and generic.

BASIC MICROFLUIDIC ARRANGEMENT

According to the present invention there 1s provided a mucrofluidic arrangement, comprising: a
substrate; a first fluid; and a second fluid, which 1s immiscible with the first fluid; wherein the first
fluid 1s arranged to be covered by the second fluid; and wherein the first fluid 1s arranged 1n a given
shape on a surface of the substrate, such shape being defined at least in part by the interfacial tension
between the first and second fluids.

By utilising the interfacial tension between the first and second fluids to define a given shape (of first
fluid) on the surface of the substrate, a very simple, quick to create and cheap microfluidic
arrangement may be provided, without relying on the use of structural walls or additional surface
patterns. Furthermore, the immuiscible second fluid can act to preserve the microfluidic arrangement,
from evaporation, for example.

Previously, etched microfluidic chips “hardwired” the fluid interactions, but the invention effectively
allows a microfluidic arrangement to be designed, built, and rearranged by an end user as/when
required and even during an experiment. Furthermore, revisions to the microfluidic arrangement can
be simplified, thereby speeding up the development/discovery process.

A microfluidic arrangement may be for manipulating fluids, for example causing fluud flow,
subjecting fluid to desired conditions (physical and/or chemical), observing fluid, separating fluid,
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mixing fluid, and/or storing fluud. Exampled of fluids include liquids, gases and combinations
thereof; liquids or gases containing solids; and flowable solids such as powders.

The surtace of the substrate may be unpatterned (other than by the arrangement of the first and
second fluids). The surface of the substrate may be unpatterned by chemical surface patterning,
physical functionalisation (e.g. with an embedded magnet or electrical field generator), and/or
surface topography. The first fluid may be confined 1n the given shape by a fluid interface between
the first and second fluids. The surface of the substrate may be uniform. The surface of the substrate
may have a uniform surface chemistry, uniform physical properties and/or a uniform surface
topography. A uniform surface topography may be flat and/or without elevated portions, pedestals,
depressions, recesses or channels defined 1n the surface.

The first fluid may be retained in the given shape by a fluid interface between the first and second
fluids. The first fluid may be confined 1n the given shape by a tfluid interface between the first and
second fluids. The confinement/retention may be at least partial. Interfacial tension may confine the
first fluid 1n the given shape.

Because of the fluid nature of the interface, changes in fluid volume can be accommodated without
altering the footprint of the first fluid on the substrate, by altering the contact angle between substrate
and fluid. Because of the fluid nature of the interface, the interface can change shape. Change of
shape can occur 1n dependence on a change of conditions, for example addition or removal of fluid,
or a change 1n a fluid tflow, or a pressure difference between different portions of the fluids. Because
the interface 1s fluid, the area of the interface between the first and second fluids can change. As the
fluid interface changes the area of the footprint of the first fluud on the substrate may increase, or
decrease, or remain unchanged.

The first fluid may be arranged as a fluid drop on the surface, whereby to provide a fluid chamber.
The fluid drop may be shaped as a truncated sphere or as a flattened truncated sphere.

The microfluidic arrangement may be an array of drops. The microfluidic arrangement may be a
microfluidic circuit. The microfluidic circuit may comprise at least one drop and/or at least one
conduit.

At least two fluid drops may be provided on the surface, preferably in a spaced arrangement.
Preferably, each fluid drop has a volume of less than 1 millilitre; more preterably each fluid drop has
a volume of between 10 microlitres and 10 nanolitres, at least imtially. The at least two fluid drops
may have different volumes.

The first flud may be (further) arranged on the surface so as to provide at least one tfluid conduit (in
fluid communication with at least one fluid drop). The first fluud may be arranged on the surface 1n a
line.

Preferably, the at least one fluid conduit has a width of less than 5 ¢cm, preferably less than 10 mm,
preferably less than 1 mm, and preferably between about 10 and 700 or 500 microns. Preferably, the
at least one fluid conduit has a height of less than 1 mm, and preferably between about 10 and 100
microns. The at least one fluid conduit may be substantially straight. Many other configurations are
of course possible, such as a substantially circular (or ‘ring-shaped’) channel, an arc-shaped channel
or a ‘dog-leg’-shaped channel, for example.
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At least two fluid conduits may be provided on the surface, preferably wherein the at least two fluid
conduits fluidly connect at least two fluid drops. The at least two fluid conduits may be, at least 1n
part, substantially parallel.

The first fluid may be arranged as at least three fluid drops on the surface, wherein the at least two
fluid conduits interconnect the at least three fluid drops 1n series.

The first fluid may be arranged as at least three fluid drops on the surface, wherein the at least two
fluid conduits are arranged to fluidly connect a first and second fluid drop with a third fluid drop.
Alternatively, the at least two fluid conduits may be arranged to fluidly connect the first and second
fluid drop with the third fluid drop via at least one other fluid drop. The at least two fluid conduts
may have different lengths. The at least two fluid conduits may have different widths.

Preferably, the surface 1s arranged such that the interfacial tension between the surface and the first
fluid substantially maintains the arrangement of the first fluid on the surface. The surface may be
hydrophilic or 1t may be hydrophobic. The substrate, first fluid and the second fluid may be selected
for a large advancing contact angle between the first fluid and the substrate. This can provide good
capacity to increase the volume of the first fluid within the given shape without altering the footprint
of the first fluid on the substrate. The substrate may be hydrophilic, the first fluid may be a polar
(hydrophilic) fluid and the second fluid may be a non-polar (hydrophobic) fluid. The first fluid may
be an aqueous fluid and the second fluud may be one of: a gas; an o1l; and a fluorocarbon. The
fluorocarbon may include perfluorotri-n-butylamine and/or perfluoro-n-dibutylmethylamine. The
fluorocarbon may be a (1:1) pertfluorotri-n-butylamine mixture with pertluoro-n-dibutylmethylamine

such as 3M Fluorinert™ F(C-40, and/or a perfluoro compound C5-18 such as also referred to as 3M
Fluorinert™ FC-40.

The first fluud may be arranged 1n the given shape such that a cross section area of a feature has a
(height:width) aspect ratio of (1:1) or less. The aspect ratio may be (1:2) or less, (1:4) or less, (1:20)
or less, (1:50) or less, (1:100) or less, or between (1:50) and (1:500). By providing relatively flat
features good capacity to increase the volume of the first fluud within the given shape without
altering the footprint of the first fluid on the substrate can be enabled. The feature may be a drop.
The feature may be a reservoir.

The first flwud may be arranged 1n the given shape such that a contact angle 1s smaller than an
advancing contact angle for the first fluid on the substrate and covered with the second fluid. By
providing relatively flat features good capacity to increase the volume of the first fluud within the
orven footprint without altering the footprint of the first fluid on the substrate can be enabled. The
contact angle may be less than 50% of the advancing contact angle, and may be less than 25% of the
advancing contact angle, or less than 10% of the advancing contact angle. The contact angle may be
between 1% and 100% of the advancing contact angle, or between 5% and 50% of the advancing
contact angle.

Preferably, at least a region of the surface 1s substantially flat, wherein the first fluid 1s arranged 1n
said region. The surface may be peripherally enclosed.
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The first fluid may be arranged to be covered by the second fluid such that the surface area of the
first fluid that 1s 1n contact with the second fluid 1s greater than the surface area of the first fluid that
1S 1n contact with the surface.

The mucrofluidic arrangement may be suitable for addition of further fluid that 1s miscible with the
first fluud to any portion of the first fluid in the given shape. Addition may be directly by a
dispensing tip or indirectly through conduits either from other reservoirs or dispensing tip elsewhere
in the circuit that 1s fluidically connected. The microfluidic arrangement may be suitable for removal
of fluid from any portion of the first fluid 1n the given shape. A footprint of the given shape may
remain unchanged upon addition or removal of fluid to or from the first fluid 1n the given shape.
Because of the fluid nature of the intertace between the first fluid and the second fluid changes 1n
volume of the first fluid can be accommodated without altering the footprint of the first fluid on the
substrate.

The volume of a drop may be increased by a factor of 100 or less, and optionally 1000 or less,
without altering the footprint of the feature. The volume of a drop may be increased by a factor of 10
to 50 or 1 to 50 or 0.01 to 100 or 2 to 100 or 2 to 50 or 5 to 100. The volume of a drop may be
decreased by a factor of 100 or less, and optionally 1000 or less, without altering the footprint of the
feature. The volume of a drop may be increased or decreased without altering the footprint of the
drop. The volume of a feature of the microfluidic arrangement may be increased by a factor of 1 to
50 without altering the footprint of the feature. Because the volume can be increased without
altering the footprint the features can for example be used to create a pseudo “fluidic” well plate
without solid walls between reservoirs/chambers/wells.

Preferably, the first and second fluids have different densities. For example, the first fluid may be an
aqueous solution and the second fluid may be a fluorocarbon, such that the second fluid 1s denser
than the first fluid. Alternatively, the first fluid may be an aqueous solution and the second fluid may
be a gas, for example, such that the first fluid 1s denser than the second fluid. The second fluid may
be denser than the first fluid.

If the immuiscible second fluid 1s denser than the first fluid provided on the surface, the surface and
first fluid should be arranged such that the interfacial tension between the surface and the first fluid
provides a sufficiently strong attractive bond to withstand the buoyancy effects of the lighter first
fluid 1n the denser second fluid.

The first fluid may contain a reagent, preferably, wherein the reagent 1s (at least imnitially) contained
within the at least one fluid drop. The volume of reagent contained in the first fluid 1s preferably
between 100 nanolitres and 100 microlitres, though other amounts of reagent are of course possible,
depending on the size of the fluid drop and the interaction required.

A plurality of flmid drops may be arranged 1n an array on the surface. The plurality of fluid drops
may contain different concentrations of reagent. The reagent may be transported between the at least
two fluid drops via at least one fluid conduit.

The flud drop and/or the feature may have a circular footprint, a square-shaped footprint, a
hexagonal footprint, or any other regular or irregular shape of footprint. Selection of a particular
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footprint shape can enable dense packing of drops, large surface area coverage of drops, and
favourable pinning behaviour for capacity to increase the volume of a drop.

The microfluidic arrangement may have a conduit with a height variation of 1-500% along the length
of the conduit. The microfluidic arrangement may have a conduit with a height variation along the
length of the conduit of 10-20% or more, and/or of 10 microns or more. Because of the fluid nature
of the interface between the first fluid and the second fluid pressure differences along the length of
the conduit can affect conduit height along the length of the conduit. This can enable a higher fluid
flow velocity at a relatively low portion of the conduit compared to the flow velocity 1in a higher
portion of the conduit. The microfluidic arrangement may have a conduit with a height vanation
along the length of the conduit between 1% and 50% of the conduit width. The mucrofluidic
arrangement may have a conduit with a height variation at different times of 10-20% or more; and/or
of 1 micron or more (and preferably of 10 microns or more).

The second fluid may be covered by a third fluid, which 1s immiscible with the second fluid.

If the fluid drops mnitially have substantially the same volumes and/or pressures, diffusion may occur
between the at least two fluid drops via at least one interconnecting fluid conduit when the surface 1s
maintained 1n a substantially horizontal orientation. In this arrangement conduits may have a uniform
height.

If the surface 1s inclined to the horizontal, fluid may be transported from an elevated fluid drop to a
lower fluid drop via at least one fluid conduit by way of gravity acting on the fluid. If the surface 1s
inclined to the horizontal, fluid may be transported from a lower tfluid drop to an elevated fluid drop
via at least one fluid conduit by way of gravity acting on the fluid. The direction of transport may be
selected by selecting the density of the second fluid compared to the density of the first fluud. The
second fluid may be denser than the first fluid for transport toward the elevated drop. The first fluid
may be denser than the second fluid for transport toward the lower drop.

If the fluid drops mitially have substantially different volumes, differences in Laplace pressures
between the fluid drops may cause fluid to be transported between the fluid drops via at least one
interconnecting fluid conduit. If the fluid drops imitially have substantially different interfacial
tension, differences 1in Laplace pressures between the fluid drops may cause tfluid to be transported
between the fluid drops via at least one interconnecting fluid conduit. If the fluid drops mnitially have
substantially different radius of curvature, differences in Laplace pressures between the fluid drops
may cause fluid to be transported between the fluid drops via at least one interconnecting fluid
conduit. Laplace pressure difference 1s proportional to interfacial tension divided by radius of
curvature, so can arise between different shape drops with the same volume, or drops of different
fluids with the same shape, for example.

If the fluid drops nitially have substantially the same volumes but different footprints, differences in
Laplace pressures between the fluid drops may cause fluid to be transported between the fluid drops
via at least one interconnecting fluid conduit. Different drops may have different footprint shapes
and/or different footprint areas.

A first flmd drop may comprise a first volume of fluid and a second fluud drop may comprise a
second volume of fluid, where the first fluid drop and the second fluid drop have the same footprint.
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The different volumes of fluid cause different radius’ of curvature of the first and second drops, and
consequently a difference 1n Laplace pressures between the two drops arises and a tflow of fluid from
one drop to the other can occur.

A first fluid drop and a second drop may have different footprints. The first drop and the second drop
may have the same volume. For example the footprints may have different areas and/or different
shapes. Drops with different footprints (but optionally the same volume) can form drops with
different radius’ of curvature. This can cause a difference 1n Laplace pressures between the two drops
and consequently a flow of fluid from one drop to the other.

If the fluud drops initially have substantially different volumes, differences in Laplace pressures
and/or hydrostatic pressures (for example caused by the difference 1n elevation level of the second
fluid over the top of the drop) between two drops may cause fluid to flow between the fluid drops via
at least one interconnecting fluid conduit against the direction of gravity, when the surface 1s inclined
from the horizontal.

A further part of the first fluid may be arranged 1n a further given shape that 1s freestanding (that 1s,
not supported directly by the surface of the support) from the surface of the substrate. The further
part may be arranged 1n a given shape on the surface of a further substrate. The further substrate may
be arranged 1n proximity to the substrate. The second fluid may be arranged between the substrate
and the further substrate. Stmilarly fluid can be placed on either side of a planar substrate to create
over-lapping conduits with through-holes 1n said substrate allowing exchange between the circuits on
either side of the substrate. Also inverting a drop on one side of a substrate can enable pumping from
drops of larger curvature (on the lower surface 1n the second fluid) to drops of smaller curvature due
to hydrostatic pressure caused by the second fluid.

The microfluidic arrangement may further comprise a solid structure for retaining a portion of tfluid
and comprising an aperture for enabling connection of the fluud within the structure with the first
fluid. The substrate may comprise an aperture for enabling connection of the first fluid through the
substrate, for example to a further portion of fluid on another surface of the substrate.

Portions of the first fluid may be chemically distinct and may be miscible with one another. In an
example one drop contains an aqueous saline solution, a second drop contains a solvent such as
ethanol, and a third drop contains a further solvent such as acetone, and a fourth drop contains an
aqueous solution containing biological samples.

The first fluid may be suitable for formation of a residue or deposit on the surface after evaporation
of the liquid. The first fluid may be suitable for chemical alteration of the surface. The first fluid may
be a shear thinning fluid or 1t may be a shear thickening fluid. The first fluid may be a gel precursor.
The first fluid may be a gel. The second fluid may be an aqueous solution. The first fluid may be an
aqueous solution. The second fluid may be a gel precursor or a gel. The first fluid may be a solution
(aqueous or otherwise) that includes one or more of: trehalose; cell culture media; serum; phosphate
buffered saline; and a sugar. The solution may be low concentration solution of 5% by weight of
solute or less, preferably 1% or less, and more preferably 0.5% or less.

The first fluud may be frozen to form a solid in said shape on the substrate.
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The surtace may be, for example, a glass surface or a polystyrene surface. The substrate may be, for
example, a glass slide or a polystyrene petr1 dish.

According to another aspect of the invention there 1s provided a microfluidic arrangement for
manipulating fluids, comprising: a substrate; a first fluid; and a second fluid, which 1s immiscible
with the first fluid; wherein the first fluid 1s arranged to be at least partially covered by the second
fluid; and wherein the first fluid 1s arranged 1n a desired shape on an unpatterned surface of the
substrate, the first fluid being retained 1n said shape by a fluid interface between the first and second
fluids. The microfluidic arrangement may comprise one or more of the features as atoresaid and/or as

follow.

ARRAYS

According to another aspect of the invention there 1s provided a microfluidic arrangement
comprising an array of drops, comprising: a substrate; a first fluid; and a second flud, which 1s
immiscible with the first flud; wherein the first fluid 1s arranged to be covered by the second fluid;
and wherein the first fluid 1s arranged 1n a given array of drops on a surface of the substrate, (the
shape of) such drops being defined at least in part by the interfacial tension between the first and
second fluids, optionally wherein the volume of a drop 1s increasable by a factor of up to hundred-
fold or reducible by a factor down to one-hundredth without altering the footprint of the drop.

The surface of the substrate may be unpatterned (evidently other than from the arrangement of the
first and second fluids). The surface of the substrate may be unpatterned by chemical surface
patterning, physical functionalisation and/or surface topography. The first fluid may be confined 1n
the drops by a fluid interface between the first and second fluids. The surface of the substrate may be
uniform. The surface of the substrate may have a uniform surface chemistry, uniform physical
properties and/or a uniform surface topography. At least a region of the surface may be substantially
flat, wherein the first fluid 1s arranged 1n said region. The surface may be peripherally enclosed.

The first fluid may be retained 1n the drops by a fluid interface between the first and second fluids.
Because of the fluid nature of the interface changes in fluid volume can be accommodated without
altering the footprint of the first fluid on the substrate.

The surface may be arranged such that the interfacial tension between the surface and the first fluid
substantially maintains the arrangement of the first fluid on the surface. The surface may be
hydrophilic or 1t may be hydrophobic. The substrate, first fluid and the second fluid may be selected
for a large contact angle (preferably advancing contact angle) between the first fluid and the
substrate. The substrate may be hydrophilic, the first fluid may be a polar (hydrophilic) fluid and the
second fluid may be a non-polar (hydrophobic) fluid. The first fluid may be an aqueous tfluid and the
second fluud may be one of: a gas; an oil; and a fluorocarbon. The fluorocarbon may include
perfluorotri-n-butylamine mixture and/or pertfluoro-n-dibutylmethylamine. The fluorocarbon may be
a (1:1) perfluorotri-n-butylamine mixture with perfluoro-n-dibutylmethylamine such as 3M
Fluorimert™ FC-40, and/or a perfluoro compound C5-18 such as also referred to as 3M Fluorinert™
FC-40. This can enable particularly high biocompatibility.

The first fluid may be arranged 1n the drops such that a drop cross section area has a (height:width)
aspect ratio of (1:1) or less. The aspect ratio may be (1:2) or less, (1:4) or less, (1:20) or less, (1:50)
or less, (1:100) or less, or between (1:50) and (1:500). By providing relatively flat drops good
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capacity to increase the volume of the first fluid within the drop without altering the drop footprint
can be enabled.

The first fluud may be arranged 1n the drops such that a drop contact angle 1s smaller than an
advancing contact angle for the first fluid on the substrate and covered with the second fluid. By
providing relatively flat drops good capacity to increase the volume of the first fluid within a drop
without altering the footprint of the first fluid on the substrate can be enabled. The contact angle may
be between 1% and 100% of the advancing contact angle, or between 5% and 50% of the advancing
contact angle.

The drops may be suitable for addition of further fluid that 1s miscible with the first fluid without
altering the drop footprint. The drops may be suitable for removal of fluid from the drops without
altering the drop footprint. Because of the fluid nature of the interface between the first fluid and the
second fluid changes 1n volume of the first fluid can be accommodated without altering the footprint
of the first fluid on the substrate. Pinning permits changes of the volume 1n a drop without altering
the drop footprint.

The second fluid may be denser than the first fluid. For example the first fluid 1s an aqueous solution
and the second fluid 1s a denser fluorocarbon. Use of a denser second fluid can promote pinning
behaviour such that changes in volume of the drop can be accommodated without altering the
footprint of the drop. Alternatively the second fluid may be less dense than the first fluid.

The drops may be arranged on the surface 1n a spaced arrangement. There may be 96, 384, 1536,
3456 or 9600 drops 1n the array. For integration with conventional microwell handling robots the
drops are preferably arranged with spacings according to standard well plates. The drops may be
arranged on the surface 1n a plurality of rows. Rows may be offset from one another.

Each fluid drop may have a volume of less than 1 millilitre; each fluid drop may have a volume of
between 10 microlitres and 10 nanolitres, at least initially. The different drops may have different
volumes. The volume of a drop may be between 10 nanolitres and 100 microlitres. The volume of a
drop may be increased by a factor of 10 to 50 or 1 to 50 or 0.01 to 100. The volume of a drop may be
decreased by a factor of 100 or less, and optionally 1000 or less. Other drop volumes and volume
increases are possible, depending on factors including the size of the drop.

A drop may be shaped as a truncated sphere, or as a flattened truncated sphere. A fluid drop may
have a circular footprint, a square-shaped footprint, a hexagonal footprint, or any other regular or
irregular shape of footprint. Selection of a particular footprint shape can enable dense packing of
drops, large surface area coverage of drops, and favourable pinning behaviour for capacity to
increase the volume of a drop without changing drop footprint area.

Difterent drops 1n the array may have different footprint areas and/or different footprint shapes.

Each drop 1n the array may contain a different chemical composition. Each drop in the array may
contain the same chemical composition. Some drops 1n the array may contain the same chemical
composition, and others may contain different chemical compositions. Some of the drops 1n the array
may be immiscible with other drops 1n the array.
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The second tfluid may only partially cover the drops. For example, the second fluid might be 0.5 mm
deep, around a drop of first fluid that 1s I mm high, with the first fluid partially exposed. In another
example the second fluid 1s less deep than a drop of first fluid, but a portion of the second fluid forms
a thin film over the drop such that the second fluid covers the drop. Such a thin film of the second
fluid may be adequate to prevent evaporation of the first fluid. The interfacial tension of the fluids
may be selected to encourage or discourage formation of a thin film of the second fluid over the first
fluid. A third fluid may partially cover the drops. A third fluid may cover the second fluid.

Portions of the first fluid may be chemically distinct. In an example one drop contains an aqueous
saline solution, a second drop contains a solvent such as ethanol, and a third drop contains a further
solvent such as acetone, and a fourth drop contains an aqueous solution containing biological
samples.

According to another aspect of the invention there 1s provided a microfluidic arrangement
comprising an array of drops, comprising: a substrate; a first fluid; and a second fluid, which 1s
immiscible with the first fluid; wherein the first fluid 1s arranged to be covered at least partially by
the second fluid; and wherein the first fluid 1s arranged 1n a given array of drops on an unpatterned
surface of the substrate, with each drop cross section area having a (height:width) aspect ratio of
(1:2) or less. The microfluidic arrangement may comprise one or more of the features as aforesaid
and/or as follow.

DRIED PATTERN

According to another aspect of the invention there 1s provided a substrate for a microfluidic
arrangement as aforesaid, the substrate having a surface on which a dried out pattern of a
microfluidic arrangement 1s arranged, whereby the microfluidic arrangement may be rehydrated by
the introduction of a first fluid to the pattern on the surface. The substrate 1s preferably a petri-dish.
Rehydration may produce a new microtfluidic arrangement with the same footprint on the surface as
the original microfluidic arrangement prior to dehydration.

The dried out pattern may comprise a residue of an evaporated (dried out) solution. The dried out
pattern may form a textured surface or a residue or a deposit on the substrate. Examples of solutions
that can form a residue or a dried out pattern include solutions (aqueous or otherwise) that include
one or more of: trehalose; cell culture media; serum; phosphate buffered saline; and sugars. The
solution may be a low concentration solution of 5% by weight of solute or less, preferably 1% or
less, and more preferably 0.5% or less. Solutions may comprise solvents other than water (1n place of
water or 1n addition to water), such as acetone or ethanol.

The dried out pattern may be formed by deposition of a solid (in the absence of a solvent) onto a
surface, or by deposition of a solution and subsequent removal of the solvent (e.g. by drying). Matter
(whether solid or liquid) may be deposited on a surface to form a pattern by a variety of means,
including flow from an outlet, repositioning on the surface, ink-jet printing, piezo-electric drop
dispensing, ejection from a nozzle, stamping, screen printing, laser printing, electrostatic printing, or
xerographic printing, for example. The solid may be deposited 1n an arbitrary pattern and then the
desired pattern may be formed by repositioning the solid into the desired shape.

A second fluid as aforesaid may be arranged to cover the dried out pattern. The second fluid 1s
preferably not a solvent for the dried out pattern.
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According to another aspect of the invention there 1s provided a method of rehydrating a dried out
pattern of a microfluidic arrangement as aforesaid.

The rehydrating may include a step of depositing a portion of the first fluid 1n a region of the dried
out pattern, with the first fluid spontaneously flowing into other regions of the dried out pattern. The
spontaneous flowing may be by wicking. The rehydrating may include the residue of the evaporated
(dried out) solution initiating wicking.

The rehydrating may include a step of exposing the dried out pattern to a gas comprsing the first
fluid (preferably in gas form and/or in form of dispersed liquid droplets), with the first fluid
spontaneously condensing on the dried out pattern. The gas may comprise the first fluid in gas form
at 50 — 95% saturation. The gas may comprise the first fluid 1n gas form at near saturation, for
example at 90 — 95% saturation. The spontaneous condensation may occur by way of the first fluid
dissolving 1n the second fluid. The dried surface residue may create an osmotic attraction for the first
fluid dissolved 1n the second tluid.

According to another aspect of the invention there 1s provided a microfluidic arrangement for
manipulating fluids, comprising a substrate with a surface and a residue on the surface, wherein the
residue 1s from a dried out fluid arranged 1n a desired shape. The microfluidic arrangement may
comprise one or more of the features as aforesaid and/or as follow.

According to another aspect of the invention there 1s provided a method of fabricating a microfluidic
arrangement for manipulating fluids, comprising: arranging a first fluid on an unpatterned surtace of
a substrate 1n a desired shape; arranging a second fluid, which 1s immiscible with the first fluid, to
cover the first fluid at least partially, wherein the first fluid 1s retained 1in said shape by a fluid
interface between the first and second fluids; and drying the first fluid to form a residue 1n said shape
on the substrate. The microfluidic arrangement may comprise one or more of the features as
aforesaid and/or as follow. The method may comprise one or more of the steps as aforesaid and/or as
follow.

According to another aspect of the invention there 1s provided a method of rehydrating a microfluidic
arrangement as aforesaid.

According to another aspect of the invention there 1s provided a substrate for a microfluidic
arrangement as aforesaid, the substrate having a surface on which a frozen pattern of a microfluidic
arrangement 1s arranged, whereby the microfluidic arrangement may be reformed by thawing. Once
thawed the microfluidic arrangement 1s functional again and ready for 1ts intended use, whereas the
frozen pattern 1s suitable for handling and transport.

According to another aspect of the invention there 1s provided a method of fabricating a microfluidic
arrangement for manipulating fluids, comprising: arranging a first solid on an unpatterned surface of
a substrate 1n a desired shape to form a residue 1n said shape on the substrate.

METHOD OF PATTERNING

According to another aspect of the invention there 1s provided a method of creating a microfluidic
arrangement, comprising: providing a substrate; providing a first fluid; and providing a second fluid,
which 1s immiscible with the first fluid; arranging the first fluid such that 1t 1s covered by the second
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flud; and arranging the first fluid 1n a given shape on a surface of the substrate, such shape being
defined at least in part by the interfacial tension between the first and second fluids. The first fluid
may be confined in the given shape by a fluid interface between the first and second fluids.

The surface of the substrate may be unpatterned (other than by the arrangement of the first and
second fluids). The surface of the substrate may be otherwise unpatterned by chemical surface
patterning, physical functionalisation (e.g. with an embedded magnet or electrical field generator),
and/or surface topography. The first fluid may be confined i1n the given shape by a fluid interface
between the first and second fluids. The surface of the substrate may be uniform. The surface of the
substrate may have a umiform surface chemustry, uniform physical properties and/or a uniform
surface topography.

Preferably, the first fluid 1s arranged directly onto the surface, such that interfacial tension between
the surface and the first fluid maintains the arrangement of the first fluid on the surface. Arranging
the first fluud may comprise depositing at least one drop of fluid onto the surface. Arranging the first
fluid may (further) comprise depositing at least one continuous trail of first fluid onto the surface,
whereby to pro<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>