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and methods described herein includes fabrication in a relatively large scale. In some embodiments, the systems and methods may
be used in conjunction with a detector including handheld detectors incorporated with, for example, smartphones (e.g., for the on-site
detection of analytes such as pathogenic bacteria).
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SYSTEMS AND METHODS FOR AFFECTING INTERACTIONS OF
ELECTROMAGNETIC RADIATION WITH JANUS DROPLETS FOR
SENSITIVE DETECTION OF SPECIES

RELATED APPLICATIONS
This application claims priority under 35 U.S.C. § 119(e) to U.S. Provisional
Patent Application No. 62/902,367, filed September 18, 2019, which is hereby

incorporated by reference in its entirety.

INCORPORATION BY REFERENCE

The following patents and patent applications are incorporated herein by
reference for all purposes:

U.S. Patent No. 10,005,058, Issued June 26, 2018, and entitled COMPOSITIONS
AND METHODS FOR ARRANGING COLLOID PHASES.

U.S. Patent Application No. 16/284722, filed February 25, 2019, entitled
COMPOSITIONS AND METHODS FOR FORMING EMULSIONS and published as
US-2019-0184356-A1 on June 20, 2019.

U.S. Patent No. 10,252,231, Issued April 9, 2019, and entitled COMPOSITIONS
AND METHODS FOR FORMING EMULSIONS.

U.S. Patent Application No. 15/887863, filed February 2, 2018, and entitled
TUNABLE MICROLENSES AND RELATED METHODS and published as US-2018-
0246314-A1; on August 30, 2018.

U.S. Patent Application No. 16/113520, filed August 27, 2018, and entitled
SYSTEMS INCLUDING JANUS DROPLETS and published as US-2019-0212333-A1
onJuly 11, 2019.

U.S. Patent No. 10,060,913, Issued August 28, 2018, and entitled SYSTEMS
INCLUDING JANUS DROPLETS.

U.S. Patent Application No. 16/415353 filed May 17, 2019, and entitled LIGHT
EMITTING DROPLETS AND RELATED METHODS.

U.S. Patent Application No. 16/201961, filed November 27, 2018, and entitled
SYSTEMS INCLUDING JANUS DROPLETS and published US-2019-0170736-A1 on
June 6, 2019.
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U.S. Patent Application No. 16/202007, filed November 27, 2018, and entitled

SYSTEMS INCLUDING JANUS DROPLETS and publication as US-2019-0170737-A1
on June 6, 2019.

FIELD OF THE INVENTION
The present invention generally relates to systems and methods including Janus

droplets.

BACKGROUND

Emulsification is a powerful age-old technique for mixing and dispersing
immiscible components within a continuous liquid phase. Consequently, emulsions are
central components of medicine, food, and performance materials. Complex emulsions,
including multiple emulsions and Janus droplets, are of increasing importance in
pharmaceuticals and medical diagnostics, in the fabrication of microdroplets and
capsules for food, in chemical separations, for cosmetics, for dynamic optics, and
chemical separations. However, quantitative detections of analytes with high sensitivity
and selectivity using Janus droplets have yet to be realized. Accordingly, improved

systems and methods are needed.

SUMMARY OF THE INVENTION

The present invention provides systems and methods including Janus droplets.

In one aspect, emulsions are provided. In some embodiments, the emulsion
comprises an outer phase, a plurality of droplets dispersed within the outer phase,
wherein the plurality of droplets comprise two or more components, wherein the two or
more components are substantially miscible at a first temperature, and wherein the two
or more components are substantially immiscible at a second temperature.

In another aspect, methods for forming an emulsion are provided. In some
embodiments, the method comprises adjusting the temperature of a fluid to a first
temperature, wherein the fluid comprises a first phase and a second phase substantially
immiscible in the first phase, wherein the second phase comprises two or more
components that are substantially miscible with each other, emulsifying the fluid, and
adjusting the temperature of the fluid to a second temperature, such that the two or more

components become substantially immiscible.
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In another aspect, systems are provided. In some embodiments, the system

comprises a plurality of Janus droplets associated with binding moieties to an analyte,
the binding moiety and analyte selected such that when the analyte binds to the binding
moiety at least a portion of the plurality of Janus droplets are changed in orientation
sufficient to change electromagnetic radiation interacting with the plurality of Janus
droplets in a detectable manner.

In some embodiments, the system comprises a plurality of Janus droplets
associated with a plurality of binding moieties to an analyte and a detector positioned
relative to the plurality of Janus droplets such that when sufficient numbers of the
binding moieties bind to analyte at least a portion of the plurality of Janus droplets are
changed in orientation sufficient to change electromagnetic radiation interacting with the
Janus droplets in a manner determinable by the detector.

In certain embodiments, upon binding to the binding moieties, at least a portion
of the plurality of Janus droplets agglutinate.

In certain embodiments, prior to binding to the binding moieties, the plurality of
Janus droplets are oriented such that at least a portion of interfaces between a first phase
and a second phase within each Janus droplet are aligned parallel with respect to one
another.

In certain embodiments, prior to the analyte binding to the binding moieties, the
plurality of Janus droplets are bound to a surface.

In certain embodiments, upon binding of the analyte to the binding moieties, at
least a portion of the plurality of Janus droplets unbind from the surface.

In certain embodiments, the system comprises a source of external energy
applicable to the composition to generate a determinable signal and a detector positioned
to detect the signal.

In certain embodiments, the signal comprises electromagnetic radiation.

In certain embodiments, upon exposure of the article to a chemical or biological
analyte, the system generates the determinable signal.

In another aspect, methods are provided. In some embodiments, the method
comprises allowing an analyte to bind to binding moieties associated with a plurality of
Janus droplets and determining a change in electromagnetic radiation interacting with the
plurality of Janus droplets due at least in part to the binding of the analyte to the binding

moieties.
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In some embodiments, the method comprises exposing, to an article comprising

an outer phase and a plurality of Janus droplets dispersed within the outer phase, a
chemical or biological analyte, wherein the chemical or biological analyte, if present,
interacts with at least a portion of the article such that at least a portion of the plurality of
Janus droplets change orientation thereby producing a detectable change in an optical
property of the article and determining the detectable change.

In some embodiments, the method comprises exposing, to an article comprising
an outer phase and a plurality of Janus droplets dispersed within the outer phase, a
chemical or biological analyte, wherein the chemical or biological analyte, if present,
interacts with at least a portion of the article such that at least a portion of the plurality of
Janus droplets change orientation thereby changing the optical transmission of the
article.

In certain embodiments, the plurality of Janus droplets comprise one or more
amphiphilic compounds including at least one binding moiety.

In certain embodiments, interacting with at least a portion of the article comprises
binding of the chemical or biological analyte to the at least one binding moiety.

In certain embodiments, prior to exposing the article to a chemical or biological
analyte, at least a portion of the plurality of Janus droplets are oriented such that at least
a portion of interfaces between a first phase and a second phase within each Janus
droplet are aligned parallel with respect to one another.

In certain embodiments, substantially all of the interfaces between a first phase
and a second phase within each Janus droplet are aligned parallel with respect to one
another.

In certain embodiments, upon exposing the article to a chemical or biological
analyte, at least a portion of the plurality of Janus droplets agglutinate.

In certain embodiments, upon exposing the article to a chemical or biological
analyte, at least a portion of the plurality of Janus droplets are oriented such that at least
a portion of interfaces between a first phase and a second phase within each Janus
droplet are not aligned parallel with respect to one another.

In certain embodiments, at least a portion of the plurality of Janus droplets are
bound to a surface of the article via the binding moiety.

In certain embodiments, upon exposing the article to a chemical or biological

analyte, at least a portion of the plurality of Janus droplets unbind from the surface.
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In yet another aspect, articles are provided. In some embodiments, the article

comprises an outer phase and a plurality of Janus droplets dispersed within the outer
phase, wherein at least a portion of the plurality of Janus droplets comprise an
amphiphilic compound including at least one binding moiety.

In certain embodiments, the plurality of Janus droplets is oriented such that at
least a portion of interfaces between a first phase and a second phase within each Janus
droplet are aligned parallel with respect to one another.

In certain embodiments, the at least one binding moiety is capable of binding
with a chemical or biological analyte.

In certain embodiments, upon binding of the at least one binding moiety with a
chemical or biological analyte, at least a portion of the plurality of Janus droplets change
orientation.

In certain embodiments, the plurality of Janus droplets are substantively
transmissive to electromagnetic radiation.

In certain embodiments, upon binding of the at least one binding moiety with a
chemical or biological analyte, the plurality of Janus droplets decrease in optical
transmission.

In some embodiments, the article comprises a surface, an outer phase deposited
on at least a portion of the surface, and a plurality of Janus droplets dispersed within the
outer phase, wherein at least a portion of the plurality of Janus droplets comprise an
amphiphilic compound including at least one binding moiety, and wherein at least a
portion of the plurality of Janus droplets are bound to the surface via the binding moiety.

In certain embodiments, at least a portion of the plurality of Janus droplets are
oriented such that an interface between a first phase and a second phase within each
Janus droplet are not aligned parallel to the surface.

In certain embodiments, upon exposure of the plurality of Janus droplets to a
biological or chemical analyte, at least a portion of Janus droplets unbind from the
surface.

In certain embodiments, upon exposure of the plurality of Janus droplets to a
biological or chemical analyte, at least a portion of Janus droplets change orientation.

In certain embodiments, the article is substantively visible-light transmissive after

exposure to the plurality of Janus droplets to the biological or chemical analyte.
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In certain embodiments, upon exposure of the plurality of Janus droplets to a

chemical or biological analyte, the plurality of Janus droplets increase in optical
transmission.

In certain embodiments, each Janus droplet comprises a first phase and a second
phase, immiscible with the first phase.

In certain embodiments, the outer phase is a hydrocarbon and/or aqueous phase.

In certain embodiments, the first phase comprises a hydrocarbon, a fluorocarbon,
a silicone, a liquid crystal, an ionic liquid, a polymer, combinations thereof, or
derivatives thereof.

In certain embodiments, the second phase comprises a hydrocarbon, a
fluorocarbon, a silicone, a liquid crystal, an ionic liquid, a polymer, combinations
thereof, or derivatives thereof, immiscible with the first phase.

In certain embodiments, the amphiphilic compound is selected from the group
consisting of: ionic surfactants, non-ionic surfactants, zwitterionic surfactants, polymers,
proteins, DNA, RNA, acids, carbohydrates, saccharides, enzymes, chromophores, lipids,
graphene oxide, combinations thereof, and derivatives thereof.

In certain embodiments, an interface between the outer phase and the plurality of
Janus droplets comprises the amphiphilic compound.

In certain embodiments, the Janus droplets comprise dyes, wherein a first dye
partitions preferentially into a first phase and a second dye partitions into a second phase
of the Janus droplets.

In certain embodiments, the first dye and the second dye have complementary
absorption and emission properties, wherein the first dye is configured to substantially
absorb a wavelength of light exciting the droplets and/or an emission from the second
dye.

In certain embodiments, agglutination of the droplets results in increased light
emission from a second dye as compared to droplets without agglutination.

In certain embodiments, the analyte comprises a biological compound, a drug, a
macromolecule, a salt, an electrolyte, an enzyme, an acid, a nucleic acid, a carbohydrate,
a peptide, a protein, a phosphate, a sulfonate, a virus, a pathogen, an oxidant, a reductant,
a toxin, a chemical warfare agent, an explosive, carbon dioxide, or combinations thereof.

In certain embodiments, the analyte is a single analyte.
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In some embodiments, the system comprises a plurality of Janus droplets

comprising a first phase and a second phase and an amphiphilic compound associated
with the first phase and capable of interacting with a biological analyte, wherein the
amphiphilic compound does not associate with the second phase, and

In certain embodiments, the amphiphilic compound comprises gallic acid or a
derivative thereof.

In certain embodiments, wherein upon binding to the biological analyte, at least a
portion of the plurality of Janus droplets agglutinate.

In certain embodiments, wherein, prior to binding to the biological analyte, the
plurality of Janus droplets are oriented such that at least a portion of interfaces between a
first phase and a second phase within each Janus droplet are aligned parallel with respect
to one another.

In some embodiments, the system comprises an outer phase and a plurality of
droplets dispersed within the outer phase, wherein at least a portion of the plurality of
droplets comprise a first phase and a second phase, the first phase immiscible with the
second phase and an amphiphilic compound associated with the first phase, the
amphiphilic compound capable of binding with a biological analyte, wherein the
plurality of droplets have a first configuration in which the amphiphilic compound is
exposed to the outer phase, and wherein the plurality of droplets have a second
configuration in which the amphiphilic compound is not exposed to the outer phase.

In some embodiments, the method comprises providing a colloid comprising an
outer phase, a plurality of droplets dispersed within the outer phase, wherein at least a
portion of the plurality of droplets comprise a first phase and a second phase, the first
phase immiscible with the second phase, and an amphiphilic compound associated with
the first phase, the amphiphilic compound capable of binding with a biological analyte,
wherein the amphiphilic compound is not exposed to the outer phase, stimulating the
colloid, such that the first phase and the second phase change arrangement and such that
the amphiphilic compound is exposed to the outer phase and wherein the first phase and
the second phase are immiscible with each other after changing arrangement.

In some embodiments, the method comprises allowing a biological analyte to
bind to an amphiphilic compound associated with a plurality of Janus droplets and

determining a change in electromagnetic radiation interacting with the plurality of Janus
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droplets due at least in part to the binding of the biological analyte to the amphiphilic

compound.

In some embodiments, the method comprises exposing, to an article comprising
an outer phase and a plurality of Janus droplets dispersed within the outer phase, a
chemical or biological analyte, wherein the chemical or biological analyte, if present,
interacts with an amphiphilic compound associated with a first phase of the Janus
droplets such that at least a portion of the plurality of Janus droplets change orientation
thereby producing a detectable change in an optical property of the article and
determining the detectable change.

In certain embodiments, wherein interacting with at least a portion of the article
comprises binding of the chemical or biological analyte to the amphiphilic compound.

In certain embodiments, wherein, prior to exposing the article to a chemical or
biological analyte, at least a portion of the plurality of Janus droplets are oriented such
that at least a portion of interfaces between a first phase and a second phase within each
Janus droplet are aligned parallel with respect to one another.

In certain embodiments, wherein substantially all of the interfaces between a first
phase and a second phase within each Janus droplet are aligned parallel with respect to
one another.

In certain embodiments, wherein, upon exposing the article to a chemical or
biological analyte, at least a portion of the plurality of Janus droplets agglutinate.

In certain embodiments, wherein, upon exposing the article to a chemical or
biological analyte, at least a portion of the plurality of Janus droplets are oriented such
that at least a portion of interfaces between a first phase and a second phase within each
Janus droplet are not aligned parallel with respect to one another.

In certain embodiments, optical measurements can be performed continuously or
at specific time intervals.

In certain embodiments, changes in optical signal from the droplets can indicate

the presence and/or growth of live bacteria.

Other advantages and novel features of the present invention will become
apparent from the following detailed description of various non-limiting embodiments of
the invention when considered in conjunction with the accompanying figures. In cases

where the present specification and a document incorporated by reference include
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conflicting and/or inconsistent disclosure, the present specification shall control. If two

or more documents incorporated by reference include conflicting and/or inconsistent
disclosure with respect to each other, then the document having the later effective date

shall control.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A illustrates a system including a Janus droplet, exposed to an analyte,
according to one set of embodiments.

FIG. 1B illustrates a system including a Janus droplet, exposed to an analyte,
according to one set of embodiments.

FIG. 1C illustrates a system including a plurality of Janus droplets, exposed to an
analyte, according to one set of embodiments.

FIG. 1D illustrates a system including a plurality of Janus droplets, exposed to an
analyte, according to one set of embodiments.

FIG. 2 illustrates a system including a Janus droplet, according to one set of
embodiments.

FIG. 3A illustrates the formation of complex emulsions, according to one set of
embodiments.

FIG. 3B illustrates the formation of complex emulsions, according to one set of
embodiments.

FIGs. 3C-3F are schematic drawings illustrating changing the arrangement of
colloid droplet phases, according to one set of embodiments.

FIG. 3G is a schematic of the effect of interfacial tensions on the configuration of
a complex droplet where encapsulation of a fluorocarbon (F) by a hydrocarbon (H) in
water (W) is favored, according to one set of embodiments.

FIG. 3H is a schematic of the effect of interfacial tensions on the configuration of
a complex droplet where the formation of a Janus droplet of a fluorocarbon (F) and a
hydrocarbon (H) in water (W) is favored, according to one set of embodiments.

FIG. 31 is a schematic of the effect of interfacial tensions on the configuration of
a complex droplet where encapsulation of a hydrocarbon (H) by a fluorocarbon (F) in

water (W) is favored, according to one set of embodiments.
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FIG. 4A shows an exemplary surfactant for use in a system including Janus

droplets, according to one set of embodiments.

FIG. 4B shows the agglutination of a plurality of Janus droplets in the presence of
analyte, according to one set of embodiments.

FIG. 5A shows a monodispersed plurality of Janus droplets, according to one set
of embodiments.

FIG. 5B shows a plurality of Janus droplets with altered orientation, according to
one set of embodiments.

FIGs. 6A-6B show an exemplary system comprising a plurality of Janus droplets
which, upon exposure to an analyte, changes an optical property of the system, according
to one set of embodiments.

FIGs. 7A-7F show image processing based of Janus droplets upon exposure to an
analyte, according to one set of embodiments.

FIGs. 8 A-8F show image processing based of Janus droplets upon exposure to an
analyte, according to one set of embodiments.

FIG. 9 shows an illustrative embodiment of interaction with an analyte resulting
in the change of orientation of a Janus droplet, according to one set of embodiments.

FIG. 10 shows photographs of the formation of complex emulsions comprising
hexane and perfluorohexane, according to certain embodiments.

FIG. 11A shows photographs of a complex emulsion comprising hexane and
perfluorohexane, formed according to one set of embodiments.

FIG. 11B shows a photograph of a complex emulsion comprising hexane and
perfluorohexane, formed according to one set of embodiments.

FIG. 12A shows a photograph of Janus droplets, formed according to one set of
embodiments.

FIG. 12B shows a scanning electron micrograph of particles formed from
polymerized Janus droplets, formed according to one set of embodiments.

FIG. 12C shows a scanning electron micrograph (top) and an energy dispersive x-
ray map highlighting fluorine (bottom) of a Janus particle, formed according to one set of
embodiments.

FIG. 13 shows a four-phase emulsion, formed according to one set of

embodiments.
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FIG. 14 shows the structure of exemplary tridodecyl gallic acid (GA120H)

surfactant, according to one set of embodiments.

FIGs. 15A-15C show interfacial functionalization on a Janus droplet, according
to one set of embodiments. (FIG. 15A) In situ formation of GA12-NHS at droplet
interface and subsequent amine conjugation. (FIG. 15B) Pre-synthesized GA12-NHS
was dissolved in the droplet hydrocarbon phase and located at the hydrocarbon-water
interface after trifluoethanol diffuses out to the continuous phase, followed by interfacial
amine conjugation. (FIG. 15C) Pre-synthesized GA16-MA for interfacial thiol
conjugation. FL in the schemes indicates generic fluorophores.

FIGs. 16A-16B show confocal microscopy images of cysteine-BODIPY
functionalized droplets using interfacial maleimide-thiol chemistry. Scale bar in 50 um.
(FIG. 16A) Confocal z-stack images of emulsion droplets containing GA16-MA after
covalent dye functionalization, 10X magnification. (FIG. 16B) Confocal cross-section of
the droplet containing GA16-MA after covalent dye functionalization, 20X
magnification.

FIG. 17 shows dynamic emulsion droplets with controlled reactivity, according to
one set of embodiments. Droplets start in different morphology and functionalized at the
hydrocarbon-water interface. Droplets were then tuned to the Janus morphology for
imaging. Higher intensity indicates higher level of functionalization at the interface.

FIG. 18 shows the ratio of emission intensity at the interface (Egoprry) and inside
(Eanthracene) relative to the continuous tween 20 surfactant concentration, according to one
set of embodiments.

FIG. 19 shows exemplary droplet functionalization with protein A and detection
scheme with immunoglobulin (IgG), according to one set of embodiments.

FIGs. 20A-20C show Protein A functionalized emulsion droplet for the detection
of anti-mouse IgG, according to one set of embodiments. Scale bar in 50um. (FIG. 20A)
Microscope image of Protein A functionalized droplets in Janus morphology. (FIG. 20B)
Microscope image of droplet in F/H/W after IgG bind to protein A. (FIG. 20C) Confocal
cross section image of droplets with IgG at the hydrocarbon-water interface, in FFH/W
morphology.

FIGs. 21A-21B show images of Zonyl forced droplets after IgG binding to
protein A, according to one set of embodiments. Scale bar in 50um. (FIG. 21A) Zonyl

forced deformation of emulsion droplet on the side under microscope. (FIG. 21B)
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Confocal z-stack images of deformed droplets showing covalent bond formation at the

droplet interface.

FIG. 22A shows bioconjugation with oligonucleotide followed by hybridization,
according to one set of embodiments

FIG. 22B shows bioconjugation with mannose derivative for the binding of
concanavalin A, according to one set of embodiments.

FIG. 23 A shows a synthetic procedure for GA120H, according to one set of
embodiments.

FIG. 23B shows a synthetic procedure for GA12-NHS, according to one set of
embodiments.

FIG. 23C shows a synthetic procedure for GA16-MA, according to one set of
embodiments.

FIG. 24 A shows a synthetic procedure for polymer-TCO, according to one set of
embodiments.

FIG. 24B shows an illustration of Janus droplet with polymer-TCO, according to
one set of embodiments.

FIG. 24C shows a synthetic procedure for post droplet functionalization,
according to one set of embodiments.

FIG. 25 shows confocal images of droplets showing successful bioconjugation of
Listeria antibody at the interface of droplets, according to one set of embodiments.

FIG. 26 shows optical images of droplets before the addition of Listeria,
according to one set of embodiments.

FIG. 27 shows a procedure for sensing Listeria using Janus droplets, according to
one set of embodiments.

FIGs. 28 A-28F show optical images of droplets after addition of Listeria,
according to one set of embodiments. FIGs. 28A-28C show droplets after addition of
107 CFU/mL of Listeria for 2 hours. FIG. 28D-28F shows addition of 100 CFU/mL of
Listeria for 2 hours. Scale bar in 200 um (FIG. 28A, FIG. 28D). Scale bar in 50 um
(FIG. 28B-28C, FIG. 28E-28F).

FIG. 29 shows optical images of droplets after addition of various concentrations
of Listeria and the quantification of agglutination thereof, according to one set of

embodiments. Scale bar in 250 um.
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FIG. 30 shows a graph showing agglutination level of droplets as a function of

heat killed Listeria monocytogenes (HKLM), according to one set of embodiments.

FIG. 31 shows a Janus droplet having a non-emissive sub-phthalocyanine dye in
the organic phase and an emissive perylene dye in the fluorocarbon phase, according to
one set of embodiments.

FIG. 32 shows a graph of an emission spectrum from Janus droplets aligned
normal on a surface with or without the sub-phthalocyanine (Zach) dye in the organic
phase, according to one set of embodiments.

FIG. 33 shows a fiber optic assembly for excitation and monitoring fluorescence
of dyed emulsion, according to one set of embodiments.

FIGs. 34A-34B show fluorescence spectra of droplets after addition of heat killed
Listeria, according to one set of embodiments. FIG. 34A shows fluorescence spectra
(Aex=350nm) of droplet after addition of heat killed listeria at different concentrations.
FIG. 34B shows a correlation of concentration of heat killed Listeria and relative
fluorescence intensity at 580 nm.

FIGs. 35A-35B show confocal microscope image of droplets containing dyes
with and without agglutination, according to one set of embodiments. FIG. 35A shows
non-agglutinated droplet (without addition of listeria). FIG. 35B shows agglutinated
droplets (with the addition of listeria). Scale bar= 50 um.

FIG. 36 shows a Janus droplet having a non-emissive F-SubPC dye in the
fluorocarbon phase and an emissive Lumogen F Orange 240 dye in the hydrocarbon
phase, according to one set of embodiments.

FIG. 37A shows synthetic procedure of 3.4,5,6-tetrakis ((4-(tert-
butyl)phenyl)thio)phthalonitrile (1), according to one set of embodiments.

FIGs. 37B-37C show NMR spectra of 3,4,5,6-tetrakis((4-(tert-
butyl)phenyl)thio)phthalonitrile (1), according to one set of embodiments. FIG. 37B
shows '"H NMR spectrum (400 MHz, Chloroform-d) and FIG. 37C shows *C NMR
spectrum (101 MHz, CDCI13).

FIG. 38A shows synthetic procedure of subphthalocyanine (2), according to one
set of embodiments.

FIGs. 38B-38C show NMR spectra of subphthalocyanine (2), according to one
set of embodiments. FIG. 38B shows 'H NMR spectrum (600 MHz, Chloroform-d) and
FIG. 38C shows '*C NMR spectrum (151 MHz, Chloroform-d).
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FIGs. 38D-38E show MALDI-TOF mass spectrometry spectrum of

subphthalocyanine (2), according to one set of embodiments.

FIG. 38F shows UV/Vis spectrum of subphthalocyanine (2) in toluene, according
to one set of embodiments.

FIG. 39 shows synthetic procedure of F-SubPC, according to one set of
embodiments.

FIG. 40 shows procedure of an agglutination assay for heat killed Salmonella
Typhimurium (HKST), according to one set of embodiments.

FIG. 41 shows a graph of QR code readability with different concentration of
HKST, according to one set of embodiments.

FIGs. 42A-42C show optical images of droplets containing 1mg/mL of Poly-
TCO in the hydrocarbon phase after adding Listeria, according to one set of
embodiments. Optical images of droplets after adding of 10’ CFU/mL (FIG. 42A), 10*
CFU/mL (FIG. 42B), and 100 CFU/mL (FIG. 42C) of live Listeria for 2 hours. Scale bar
=50 pm.

FIG. 42D shows a fluorescence spectrum (Aex=361nm) of droplets containing
Poly-TCO and sub-PC dye in the hydrocarbon phase, and F-PBI dye in the fluorocarbon
phase after addition of live Listeria at different concentrations, according to one set of
embodiments.

FIG. 42E shows correlation of concentration of live Listeria and relative
fluorescence intensity at 580 nm, according to one set of embodiments. Three replicate
measurements were performed for the error bars, with p <0.01.

FIG. 43 shows a Janus droplet containing Poly-TCO and sub-PC dye in the
hydrocarbon phase and the F-PBI dye in the fluorocarbon phase, according to one set of
embodiments.

FIG. 44 A shows a Janus droplet having a sub-phthalocyanine dye (F-Sub-PC) in
the fluorocarbon phase and an emissive PBI dye (Lumogen F Orange 240) in the
hydrocarbon phase, according to one set of embodiments.

FIG. 44B shows a fluorescence spectrum (Aex=398nm) of droplets containing
Poly-TCO and Lumogen F Orange 240 in the hydrocarbon phase, F-sub-PC dye in the
fluorocarbon phase after addition of Listeria at different concentrations, according to one

set of embodiments.
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FIG. 44C shows a correlation of concentration of Listeria and relative

fluorescence intensity at 535 nm, according to one set of embodiments. Three replicate
measurements were performed for the error bars, with p<0.01, according to one set of
embodiments.

FIG. 45 shows '"H NMR (500 MHz, acetone-d6, 25 °C) spectrum of F-sub-PC,
according to one set of embodiments.

FIG. 46 shows '3C NMR (126 MHz, acetone-d6, 25 °C) spectrum of F-sub-PC,
according to one set of embodiments.

FIG. 47 shows '°F NMR (471 MHz, acetone-d6, 25 °C) spectrum of F-sub-PC,
according to one set of embodiments.

FIG. 48 shows DART MS spectrum of F-sub-PC, according to one set of
embodiments.

FIG. 49 shows MALDI TOF-MS spectrum of F-sub-PC, according to one set of
embodiments.

FIG. 50 shows UV/Vis absorbance and fluorescence of F-sub-PC, according to
one set of embodiments.

FIG. 51 shows MALDI TOF-MS Isotope Distribution Comparison of F-sub-PC,
according to one set of embodiments.

FIG. 52 shows UV/Vis spectra of F-sub-PC in HFE7500 and Lumogen F Orange
240 in diethylbenzene, overlayed with fluorescence spectrum of Lumogen F Orange 240
in diethylbenzene, according to one set of embodiments.

FIG. 53 shows a graph of ratio of molar absorptivity of F-sub-PC (er) and
Lumogen F Orange 240 (en), according to one set of embodiments.

FIGs. 54A-54B show optical images of droplets prepared in different media,
according to one set of embodiments. FIG. 54A shows droplets in synthetic blood.
FIG.54B shows droplets prepared in serum. Scale bar = 50 pm.

FIGs. 55A-55B show optical images of droplets bioconjugated with Listeria
antibody and then incubated with 10" CFU/mL of Listeria for 2 hour in serum, according
to one set of embodiments. Scale bar = 50 pm.

FIGs. 56A-56B show optical images of droplets bioconjugated with Listeria
antibody and then incubated with 10" CFU/mL of Listeria for 2 hours in synthetic blood,

according to one set of embodiments. Scale bar = 50 pum.
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FIG. 57 shows optical image of droplets prepared in brain heart infusion broth,

according to one set of embodiments. Scale bar = 50 pm.

FIG. 58A shows graph of a growth curve for Listeria monocytogenes in brain
heart infusion broth at 20 CFU/mL, according to one set of embodiments.

FIG. 58B shows graph of correlation of incubation time of Listeria (initial
concentration at 20 CFU/mL) and relative fluorescence intensity, according to one set of
embodiments. Three replicate measurements were performed for the error bars, with
p=<0.01.

FIG. 59A shows graph of growth curve for Listeria monocytogenes in brain heart
infusion broth at 100 CFU/mL, according to one set of embodiments.

FIG. 59B shows graph of correlation of incubation time of Listeria (initial
concentration at 100 CFU/mL) and relative fluorescence intensity, according to one set
of embodiments. Three replicate measurements were performed for the error bars, with
p=<0.01.

FIGs. 60A-60C show optical images taken by smartphone of droplets with sub-
PC dye (subphthalocyanine) in the hydrocarbon phase and F-PBI dye in the fluorocarbon
phase, according to one set of embodiments. FIG. 60A shows non-agglutinated droplet
(without addition of Listeria). FIG. 60B shows agglutinated droplets (with 10> CFU/mL
of Listeria). FIG. 60C shows agglutinated droplets (with 10’ CFU/mL of Listeria). Scale
bar= 200 pm.

FIGs. 61A-61C show optical images taken by smartphone of droplets with sub-
PC dye (subphthalocyanine) in the hydrocarbon phase and F-PBI dye in the fluorocarbon
phase, according to one set of embodiments. FIG. 61A shows non-agglutinated droplet
(without addition of Listeria). FIG. 61B shows agglutinated droplets (with the addition of
Listeria at 102 CFU/mL). FIG. 61C shows agglutinated droplets (with the addition of
Listeria at 107 CFU/mL). Scale bar= 200 um.

FIG. 62A-62B show images of Janus droplets on top of the waveguide device,
according to one set of embodiments. FIG. 62A shows droplets without addition of
Listeria. FIG. 62B shows droplets with addition of Listeria.

FIG. 63A shows a schematic diagram of the microfluidic device comprising three
layers of polydimethylsiloxane (PDMS) and a glass slide, according to one set of

embodiments.
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FIG. 63B shows top and side views of the PDMS device with the complex

droplets placed within the well, according to one set of embodiments.

FIG. 63C shows a photograph of the device in FIG. 63A comprising six separate
wells and channels, according to one set of embodiments.

FIG. 64 A shows a schematic of the device in operation, according to one set of
embodiments.

FIGs. 64B-64C show photographs of the experimental set up of FIG. 64A,
according to one set of embodiments. FIG.64B shows the experiment set up under
normal light. FIG. 64C shows the experimental set up under UV light.

FIGs. 64D-64E show optical micrographs of the complex droplets inside the

PDMS well, according to certain embodiments.

Other aspects, embodiments and features of the invention will become apparent
from the following detailed description when considered in conjunction with the
accompanying drawings. The accompanying figures are schematic and are not intended
to be drawn to scale. For purposes of clarity, not every component is labeled in every
figure, nor is every component of each embodiment of the invention shown where
illustration is not necessary to allow those of ordinary skill in the art to understand the
invention. All patent applications and patents incorporated herein by reference are
incorporated by reference in their entirety. In case of conflict, the present specification,

including definitions, will control.

DETAILED DESCRIPTION

Embodiments described herein may be useful in the detection of analytes. The
systems and methods may allow for a relatively simple and rapid way for detecting
analytes such as chemical and/or biological analytes and may be useful in numerous
applications including sensing, food manufacturing, medical diagnostics, performance
materials, dynamic lenses, water monitoring, environmental monitoring, detection of
proteins, detection of DNA, among other applications. For example, the systems and
methods described herein may be used for determining the presence of a contaminant
such as bacteria (e.g., detecting pathogenic bacteria in food and water samples which
helps to prevent widespread infection, illness, and even death). Advantageously, the

systems and methods described herein may not have the drawbacks in current detection
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technologies including, for example, relatively high costs, long enrichment steps and

analysis times, and/or the need for extensive user training. Another advantageous feature
provided by the systems and methods described herein includes fabrication in a relatively
large scale. In some embodiments, the systems and methods may be used in conjunction
with a detector including handheld detectors incorporated with, for example,
smartphones (e.g., for the on-site detection of analytes such as pathogenic bacteria). For
example, such systems could be used by the food industry to prevent extensive
foodborne illnesses which may result in expensive medical treatment costs, lawsuits,
government sanctions, product recalls, and/or tarnished long-term reputations. Articles
comprising Janus droplets are also provided.

Advantageously, the systems and methods described herein may enable the
functionalization to interact with a biological species (e.g., bioconjugation) on already
formed droplets (e.g., having two or more internal phases) in an outer phase, without
resulting in instability of the droplets. In some embodiments, the (bio)conjugation
reaction may change the interfacial tension between two or more phases and, in some
cases, may be used to change the configuration of a droplet as described herein. In some
embodiments, an analyte such as a biological analyte binds to the conjugated droplet.

In some embodiments, the systems and methods comprise a plurality of Janus
droplets. Janus droplets generally include two or more phases immiscible with one
another and/or having distinct physical and/or chemical properties, within the droplet. In
certain embodiments, when equal amounts of the two immiscible phases are present and
the interfacial tensions are properly balanced, the Janus droplets will be spherical with
each hemisphere of the sphere comprising one of the immiscible phases. The two
immiscible phases need not be present in equal amounts, i.e., Janus droplets can be
asymmetrical with one phase being present, e.g., in an amount 1.2, 1.4, 1.6, 1.8. 2, 3, 4,
or more times the other phase, by volume.

The plurality of Janus droplets includes a first phase and a second phase
immiscible with the first phase. In some embodiments, the plurality of Janus droplets
may be dispersed within an outer phase (e.g., an hydrocarbon and/or aqueous phase). For
example, in some embodiments, the system comprises an hydrocarbon and/or aqueous
phase and a plurality of Janus droplets comprising a hydrocarbon and a fluorocarbon. In
some cases, the plurality of Janus droplets may be associated a binding moiety (e.g., a

binding moiety associated with the Janus droplets and/or a binding moiety present on a
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surfactant incorporated with the plurality of Janus droplets). In some embodiments, the

binding moiety may bind with an analyte (e.g., a biological and/or chemical analyte)
such that the orientation of at least a portion of the plurality of Janus droplets is changed.
The change in orientation of a Janus droplet may result in a change in the interaction of
electromagnetic radiation (e.g., visible light) with the Janus droplet in a detectable
manner. In some embodiments, exposing a plurality of Janus droplets to an analyte
causes a detectable change in an optical property of the Janus droplets, such that the
analyte can be determined and/or quantified.

Embodiments described herein may be useful in the formation of emulsions (e.g.,

complex emulsions). The methods may allow for one-step fabrication of multi-phase
(e.g., three-phase, four-phase) emulsions (e.g., complex emulsions), and may be useful in
numerous applications including food manufacturing, drug delivery, medical diagnostics,
performance materials, cosmetics, MRI and ultrasound contrast agents, artificial blood,
among other applications. Furthermore, methods and emulsions described herein may
allow for forming emulsions with controlled and reconfigurable morphologies.
Another advantageous feature provided by emulsions and methods described herein is
the ability to readily incorporate additional components (e.g., magnetic nanoparticles,
biological materials, polymers, metals, etc.) into various applications. Emulsions (e.g.,
complex emulsions) are also provided.

Embodiments described herein may be useful for arranging phases (e.g., in
response to a stimulus) and/or components within a colloid. Complex droplets of
controllable compositions and dynamic reconfigurable morphologies provide a new
active element for novel and existing applications of emulsions and may be useful in
numerous applications including food manufacturing, drug delivery, medical diagnostics,
performance materials, cosmetics, MRI and ultrasound contrast agents, artificial blood,
among other applications. The dynamic rearrangement of droplet phases and/or
components can be broadly applied using a wide variety of chemicals, materials, and
surfactants, as described herein. Droplets triggered by stimuli could be used, for
example, to target release of drugs at tumors, to induce changes in color or transparency
(e.g., for applications including color changing mediums and camouflage), as vehicles
for sequestration of pollutants, as tunable lenses, as controlled release droplets in
response to an stimulus, or as sensors. Emulsions with the characteristic ability to

selectively “present” and “hide” specific liquid interfaces and controllably alter droplet
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morphology and symmetry may be useful for numerous applications and devices.

Another advantageous feature provided by emulsions and methods described herein is
the ability to readily incorporate additional compounds (e.g., magnetic nanoparticles,
biological materials, polymers, metals, etc.) into various applications.

In certain embodiments, upon exposure to an analyte, at least a portion of the
plurality of Janus droplets may agglutinate. For example, in some cases, the analyte may
facilitate the agglutination of at least a portion of the plurality of Janus droplets. The
agglutination of some Janus droplets may result in a detectable change in the interaction
of electromagnetic radiation (e.g., visible light) with the Janus droplets. In some cases,
the agglutination of some Janus droplets may result in a change in orientation of each of
the Janus droplets (e.g., relative to the orientation of the Janus droplets prior to exposure
to the analyte). In other cases, the Janus droplets may be in an agglutinated state prior to
exposure to an analyte and the exposure of the system to the analyte will disrupt
agglutination and case a change in the orientation of the Janus droplet.

Advantageously, in some embodiments, the systems described herein may enable
highly sensitive detection of analytes including, for example, detection of single analyte
interaction events (e.g., binding events, chemical reactions, biological reactions). In an
illustrative embodiment, a single analyte (e.g., one protein, one strand of DNA, one
strand of RNA) may cause the agglutination of some Janus droplets and changing the
orientation of each of the agglutinated Janus droplets, such that a single analyte (e.g., a
single protein, a single strand of DNA, RNA etc.) is detected. In some such
embodiments, the single analyte may bind to some Janus droplets such that the Janus
droplets agglutinate. In another illustrative embodiment, a single analyte may cause the
orientation of a single Janus droplet to change (e.g., via enzymatic degradation of a tether
bound to the Janus droplet), such that a single analyte is detected. In some embodiments,
a plurality of analytes and/or types of analytes may be detected (e.g., via the change in
orientation of a plurality of Janus droplets and/or the agglutination of groups of Janus
droplets). In certain embodiments, the concentration of an analyte exposed to the system
may be determined by measuring the number of Janus droplets changing orientation
upon exposure of the system to the analyte.

As illustrated in FIG. 1A, in some embodiments, system 100 comprises a
plurality of Janus droplets such as Janus droplet 120. In certain embodiments, Janus

droplet 120 comprises first phase 130 (e.g., comprising a hydrocarbon) and second phase
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140 (e.g., comprising a fluorocarbon). As depicted illustratively in FIG. 1A, in some

embodiments, first phase 130 and second phase 140 may have relatively the same
volume in each Janus droplet. However, those skilled in the art would understand based
upon the teaching of this specification that the volume of the first phase and the second
phase may not be equal.

In some embodiments, as depicted in FIG. 1A, Janus droplet 120 has a particular
orientation, such as orientation 100A. The orientation of a Janus droplet as described
herein may be determined by measuring the angle of a planar surface defined by the
interface (e.g., interface 125) between the first phase (e.g., first phase 130) and the
second phase (e.g., second phase 140). In some embodiments, upon exposure of Janus
droplet 120 to an analyte, the Janus droplet may change orientation (e.g., from
orientation 100A to orientation 100B). In some such embodiments, the analyte may bind
with a binding moiety present on the Janus droplet, resulting in the change in orientation
of the Janus droplet. As illustrated in FIG. 1A, the orientation of interface 125 in
orientation 100B is different than the orientation of interface 125 in orientation 100A.
For example, in some embodiments, the Janus droplet may rotate upon exposure to the
analyte (e.g., upon binding of the analyte with a binding moiety associated with the Janus
droplet). In some embodiments, the change in orientation of the Janus droplet is
determinable (e.g., measurable) such that it indicates the presence of an analyte.

The Janus droplets described herein may be useful in a number of applications. In
an exemplary embodiment, the Janus droplets described herein may be used for sensing
of an analyte. For example, in some such embodiments, the Janus droplets may change
orientation upon exposure to an analyte such that the change in orientation can be
detected (e.g., by a change in optical transmission, polarization, birefringence, etc. of the
colloid). In another exemplary embodiment, the Janus droplets described herein may be
used as tunable lenses. In certain embodiments, measurements of the optical properties
(e.g., transmission, absorption, reflection, focal distance, and scattering) of the Janus
droplets can be indicative of specific droplet orientations. For example, when a change in
droplet orientation is correlated with an analyte of interest (i.e., enzyme, pollutant, virus,
bacteria, DNA, RNA, etc.), then, the Janus droplets can be used as sensors in which an
optical measurement serves as a readout mechanism of the presence of the analyte. In
certain embodiments, for systems in which there is a change in an analyte of interest over

time (e.g., progress of a chemical reaction, such as degradation of a chemical by an
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enzyme over time), tracking of the changes in optical properties of the Janus droplets

over time can be used to, for example, analyze reaction rates or analyte concentrations.
In some such embodiments, the orientation of the Janus droplets changes in the presence
of an analyte such that the system obtains a transparent state over a particular range of
time, or alternatively, obtains a relatively opaque state over a particular range of time. In
some embodiments, a measurement of a property of the droplets may be made with the
assistance of a microfluidic device. In some embodiments, the measurement is made
using image analysis, and/or using fluorescence intensity. In some instances, the
measurement may be a measurement of droplet agglutination.

Those skilled in the art would understand that changing a property of a Janus
droplet refers to a property of the Janus droplet immediately before that differs in a
substantially measurable way from the property of the Janus droplet at some relatively
short time (e.g., seconds, minutes, hours) after exposure to the analyte. Those skilled in
the art would also be capable of selecting methods for determining the change in the
property of the Janus droplets (e.g., measuring the average birefringence, measuring the
optical transmission at one or more wavelength, measuring the density, etc.) based upon
the specification and examples below.

For example, as illustrated in FIG. 1B, system 102 comprises a plurality of Janus
droplets such as exemplary Janus droplet 120. In some embodiments, electromagnetic
radiation 180A interacts with Janus droplet 120. In certain embodiments, upon exposure
of system 102 to an analyte (e.g., such that the analyte binds to a binding moiety
associated with the Janus droplet), Janus droplet 120 changes orientation (e.g., from
orientation 100A to 100B) sufficiently to change the interaction of electromagnetic
radiation 180A with the Janus droplets as compared to the interaction of electromagnetic
radiation 180A prior to exposure to the analyte. For example, prior to exposure to the
analyte, Janus droplet 120 may interact with electromagnetic radiation 180A such that
electromagnetic radiation 180B is produced. In some embodiments, electromagnetic
radiation 180A and electromagnetic radiation 180B may be substantially the same. For
example, Janus droplet 120 may have an orientation 100A such that electromagnetic
radiation interacting with (e.g., transmitting perpendicular to interface 125 of Janus
droplet 120) is not substantially changed in wavelength and/or amplitude.

For example, in some cases, the plurality of Janus droplets may be orientation

such that the system is substantially optically transparent in a direction perpendicular to
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the surface of the interface between the first phase and the second phase (e.g., interface

125). In some cases, however, electromagnetic radiation 180B may be different than
electromagnetic radiation 180A in wavelength and/or amplitude. In some embodiments,
upon exposure of system 102 to an analyte, Janus droplet 120 changes orientation from
orientation 100A to orientation 100B, such that electromagnetic radiation 180A interacts
with Janus droplet 120 and produced electromagnetic radiation 180C, different than
electromagnetic radiation 180B.

In some embodiments, the plurality of Janus droplets is changed in orientation
(e.g., upon exposure to an analyte) sufficient to change electromagnetic radiation
interacting with the plurality of Janus droplets in a detectable manner. In certain
embodiments, at least a portion of the Janus droplets change orientation thereby
changing the optical transmission of the article and/or thereby producing a detectable
change in an optical property of the article. In some embodiments, the detectable change
includes a change in color, average luminescence in one or more directions, and/or
average optical transmission of the Janus droplet (or system comprising the plurality of
Janus droplets).

In some embodiments the electromagnetic radiation (e.g., the electromagnetic
radiation prior to interacting with the Janus droplet, the electromagnetic radiation after
interacting with the Janus droplet) may comprise any suitable wavelength, including but
not limited to infrared light (e.g., a wavelength between about 700 nm and about 1 cm),
to visible light (e.g., a wavelength between about 400 nm and about 700 nm), and to
ultraviolet (UV) light (e.g., a wavelength between about 10 nm and about 400 nm).

In certain embodiments, the plurality of Janus droplets (e.g., Janus droplets 120)
is dispersed within an outer phase 110, as illustrated in FIGs. 1A-1C. In some
embodiments, the outer phase is an hydrocarbon and/or aqueous phase (e.g., comprising
water). The hydrocarbon and/or aqueous phase may also comprise, in some cases, solutes
including organic molecules, proteins, ions, cells, DNA, RNA, cell lysates, or biological
organisms. In some embodiments, exposing the system to the analyte comprises
introducing the analyte into the outer phase. In certain embodiments, the analyte may be
added to the outer phase such that the plurality of Janus droplets is exposed to the
analyte.

In certain embodiments, the plurality of Janus droplets may be adjacent a surface

150, as illustrated in FIG. 1A. As used herein, when a component (e.g., a Janus droplet)
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is referred to as being “adjacent” another component (e.g., a surface), it can be directly

adjacent to the component, or an intervening component (e.g., a fluid) also may be
present. A component that is “directly adjacent” another component means that no
intervening component is present (e.g., the component and another component are in
contact with one another). Surface 150 may comprise a reflective surface such that
exposing the system to an analyte causes a detectable change in an optical property of the
Janus droplets such that the reflected electromagnetic radiation from surface 150 is also
changed. In an exemplary embodiment, the plurality of Janus droplets is substantially
transparent such that surface 150 is visible (e.g., when viewed perpendicular to surface
150) and, upon exposure to an analyte, the plurality of Janus droplets decrease in optical
transmission such that at least a portion of surface 150 is obscured. Surface 150 may, in
some cases, also be transparent such that light is transmitted through the surface and
Janus droplets, such that exposure to an analyte will change the transmission of the light.

In some embodiments, at least a portion of the plurality of Janus droplets are
orientated parallel (e.g., as measuring by the angle of a planar surface defined by the
interface between the first phase and the second phase of the Janus droplet) to the
surface. For example, referring again to FIG. 1A, in some embodiments, interface 125 of
Janus droplet 120 (prior to exposure to an analyte) is orientated substantially parallel to
surface 150 adjacent Janus droplet 120. In certain embodiments, the plurality of Janus
droplets may be orientated substantially parallel to one another (e.g.., substantially
aligned). In some embodiments, prior to exposure to an analyte, the plurality of Janus
droplets is aligned/oriented by the force of gravity (e.g., the first phase or the second
phase having a greater density than the other phase) such that at least a portion of the
plurality of Janus droplet are oriented substantially parallel with one another. In other
embodiments, the forces that cause alignment of Janus droplets may include electrical or
magnetic fields. For example, in certain embodiments, the plurality of Janus droplets
may include a magnetic phase (e.g., including ferromagnetic particles)

In some embodiments, exposure to an analyte results in the agglutination of a
plurality of Janus droplets. For example, as illustrated in FIG. 1C, system 104 comprises
a plurality of Janus droplets (e.g., exemplary Janus droplets 120, 122, and 124). In
certain embodiments, the plurality of Janus droplets may be orientated (relative to
interfaces 125A, 125B, and 125C) substantially parallel to one another. In some

embodiments, the interface between the first phase and the second phase of at least a
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portion the plurality of Janus droplet is aligned normal to the primary direction of the

force of gravity such that the plurality of Janus droplets are oriented substantially parallel
to one another. In some embodiments, upon exposure to an analyte, at least a portion of
the Janus droplets agglutinate. In certain embodiments, agglutination of the Janus
droplets results in a change of orientation of at least a portion of the Janus droplets (e.g.,
as measured by the change in angle of interfaces 125A, 125B, and 125C).

In certain embodiments, a binding moiety associated with the Janus droplet may
bind with the analyte such that the Janus droplets agglutinate. For example, referring
again to FIG. 1C, upon exposure to an analyte, the analyte may bind to a binding moiety
on two or more Janus droplets (e.g., forming a bound complex 150 between two or more
Janus droplets such as between Janus droplet 120 and Janus droplet 122). One of
ordinary skill in the art would understand, based upon the teachings of this specification,
that while bound complex 150 is illustrated as binding between first phase 130 and
second phase 140, that formation of a bound complex between first phase 130 and first
phase 130 of two droplets, is also possible. For example, as shown illustratively in FIG.
15, droplet 120 and droplet 122 are agglutinated via bound complex 152 between first
phase 130 of droplet 120 and first phase 130 of droplet 122. Other configurations are
also possible.

In some embodiments, a plurality of binding moieties (e.g., binding moieties
associated with one or more Janus droplets) may bind with one or more analytes
mutlivalently. For example, as illustrated in FIG. 1D, analyte 155 binds multivalently
with Janus droplet 120, Janus droplet 122, and Janus droplet 124 such that the Janus
droplets agglutinate. In some such embodiments, upon exposure and binding to the
analyte, the Janus droplets change orientation sufficient to change electromagnetic
radiation interacting with the plurality of Janus droplets in a detectable manner.

In some embodiments, upon agglutination of two or more Janus droplets, at least
a portion of incident electromagnetic radiation may retroreflect amongst the droplets
such that at least a portion of the electromagnetic radiation is reflected. For example, as
shown illustratively in FIG. 15, system 106 comprises a plurality of Janus droplets (e.g.,
exemplary Janus droplets 120 and 122). In certain embodiments, the plurality of Janus
droplets may be orientated (relative to interfaces 125A, and 125B) substantially parallel
to one another (100C) and such that electromagnetic radiation 160 is transmitted through

the interfaces. In some embodiments, upon exposure to an analyte, at least a portion of
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the Janus droplets agglutinate (100D). In certain embodiments, agglutination of the Janus

droplets results in a change of orientation (100D) of at least a portion of the Janus
droplets (e.g., as measured by the change in angle of interfaces 125A and 125B). In some
embodiments, the Janus droplets change angle such that at least a portion of
electromagnetic radiation 160 is reflected off of interfaces 125A and 125B. In some
embodiments, at least a portion of electromagnetic radiation may still transmit through
system 106. In some embodiments, the portion of electromagnetic radiation 160 that is
reflected may be detected (e.g., by an optical detector, by a user) indicating the presence
of the analyte (e.g., the analyte that results in agglutination of the Janus droplets) in the
system.

In certain embodiments, the system may comprise a plurality of Janus droplets
tethered (e.g., bound) to a surface. In some embodiments, exposure of the system to an
analyte results in the breaking (e.g., cleavage) of the tether such that at least a portion of
the Janus droplets change orientation (e.g., sufficient to change electromagnetic radiation
interacting with the plurality of Janus droplets in a detectable manner). For example, as
illustrated in FIG. 2, system 200 comprises Janus droplet 220 comprising first phase 230
and second phase 240, tethered to surface 260 adjacent Janus droplet 220 via tether 270.
In some embodiments, exposure to an analyte results in the breaking of tether 270 such
that Janus droplet 220 changes orientation (from orientation 200A prior to exposure to
the analyte to orientation 200B upon exposure to the analyte). Those skilled in the art
would understand based upon the teachings of this specification that surface 260 need
not be planar and could be, for example, curved (e.g., the surface comprises a polymeric
and/or inorganic particle). In some cases the surface may include an assembly of
molecules such as proteins, DNA or RNA. In certain embodiments, the surface may
comprise biological tissue (e.g., comprising skin (e.g., human skin), organ tissues, cells,
or the like). In some cases, the surface may be a liquid immiscible with the outer phase
and/or one or more phases present within the Janus droplets. In some embodiments, the
surface comprises a polymeric material.

In some embodiments, the Janus droplet is tethered to the surface such that the
interface between the first phase and the second phase is not parallel to the adjacent
substrate and/or is not parallel with at least a portion of the plurality of Janus droplets. In
some such embodiments, upon breaking of the tether by the analyte, at least a portion of

the Janus droplets change orientation (e.g., such that at least a portion of the Janus
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droplets are parallel with one another and/or are parallel with an adjacent substrate). In

some cases, breaking of the tether by the presence of an analyte resulting in an increase
in the optical transmission of the system (e.g., such that a feature on the substrate is
visible when viewed perpendicular to the surface). The tether may include, for example,
one or more proteins, a polymer, one or more strands of DNA, one or more strands of
RNA, or combinations thereof. Other tethers are also possible.

The analyte may break the tether in any suitable manner. For example, in some
embodiments, the analyte may cleave the tether (e.g., via enzymatic degradation). In
certain embodiments, the analyte may cleave the tether by changing the pH of the outer
phase such that the tether breaks. In some embodiments, the analyte may cause the
cleavage of the tether such that one or more binding moieties associated with (e.g.,
integrated within) the plurality of Janus droplets bind to the analyte. In some such
embodiments, one or more binding moieties may be bound to the tether such that the
Janus droplet is bound to the surface and, upon exposure to the analyte, the binding
moiety unbinds from the tether and binds to the analyte.

In some cases, the binding moiety may comprise a biological or a chemical group
capable of binding another biological or chemical molecule in a medium (e.g.,
hydrocarbon and/or aqueous phase). For example, the binding moiety may include a
functional group, such as a thiol, aldehyde, ester, carboxylic acid, hydroxyl, and the like,
wherein the functional group forms a bond with the analyte. In some cases, the binding
moiety may be an electron-rich or electron-poor moiety wherein interaction between the
analyte and the binding moiety comprises an electrostatic interaction. In some cases, the
interaction between the analyte and the binding moiety includes binding to a metal or
metal-containing moiety.

In some embodiment, the binding moiety and analyte interact via a binding event
between pairs of biological molecules including proteins, nucleic acids, glycoproteins,
carbohydrates, hormones, drugs, and the like. Specific examples include an
antibody/peptide pair, an antibody/antigen pair, an antibody fragment/antigen pair, an
antibody/antigen fragment pair, an antibody fragment/antigen fragment pair, an
antibody/hapten pair, an enzyme/substrate pair, an enzyme/inhibitor pair, an
enzyme/cofactor pair, a protein/substrate pair, a nucleic acid/nucleic acid pair, a
protein/nucleic acid pair, a peptide/peptide pair, a protein/protein pair, a small

molecule/protein pair, a glutathione/GST pair, an anti-GFP/GFP fusion protein pair, a
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Myc/Max pair, a maltose/maltose binding protein pair, a carbohydrate/protein pair, a

carbohydrate derivative/protein pair, a metal binding tag/metal/chelate, a peptide
tag/metal ion-metal chelate pair, a peptide/NTA pair, a lectin/carbohydrate pair, a
receptor/hormone pair, a receptor/effector pair, a complementary nucleic acid/nucleic
acid pair, a ligand/cell surface receptor pair, a virus/ligand pair, a Protein A/antibody
pair, a Protein G/antibody pair, a Protein L/antibody pair, an Fc receptor/antibody pair, a
biotin/avidin pair, a biotin/streptavidin pair, a drug/target pair, a zinc finger/nucleic acid
pair, a small molecule/peptide pair, a small molecule/protein pair, a small
molecule/target pair, a carbohydrate/protein pair such as maltose/MBP (maltose binding
protein), a small molecule/target pair, or a metal ion/chelating agent pair. Specific non-
limiting examples of binding moieties include peptides, proteins, DNA, RNA, PNA.
Other binding moieties and binding pairs are also possible. Binding moieties can also be
attached to polymers, organic nanoparticles, inorganic nanoparticles, or metal
nanoparticles.

In some embodiments, the binding moiety and the tether interact via a binding
event between pairs of biological molecules including proteins, nucleic acids,
glycoproteins, carbohydrates, hormones, and the like. In other embodiments the binding
moieties can be also bound to a nanoparticle.

In an exemplary embodiment, the binding moiety comprises a protein. In some
embodiments, the protein is a hyperthermophilic protein.

The analyte may comprise any suitable material (e.g., a vapor analyte, a liquid
analyte, a solid analyte) such that the incorporation of the analyte into the system causes
at least a portion of the plurality of Janus droplets to change orientation (e.g., via
breaking of a tether and/or agglutination of the Janus droplets). Those skilled in the art
would be capable of selecting analytes and components suitable for Janus droplets based
upon the teaching of the specification and the examples below. Non-limiting examples of
analytes include a biological compound, a drug, a macromolecule, a salt, an electrolyte,
an enzyme, a nucleic acid, a carbohydrate, a peptide, a protein, a lipid, a phosphate, a
sulfonate, a virus, a pathogen (e.g., bacteria, virus), an oxidant, a reductant, a toxin, a
chemical warfare agent, an explosive, carbon dioxide, a surfactant, or combinations
thereof. In some embodiments, the tether is a biological compound, a drug, a
macromolecule, a salt, an electrolyte, an enzyme, a nucleic acid, a carbohydrate, a

peptide, a protein, a lipid, a phosphate, a sulfonate, a virus, a pathogen, an oxidant, a
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reductant, a toxin, a chemical warfare agent, an explosive, carbon dioxide, a surfactant,

or combinations thereof. In an exemplary embodiment, the analyte is a bacterium.

In an exemplary embodiment, an enzyme may be added to the system comprising
a plurality of Janus droplets such that the enzyme interacts with one or more of the
components, binding moieties, tethers, and/or amphiphilic compounds present in the
plurality of Janus droplets. In some such embodiments, the enzyme may interact with the
component, binding moiety, tether, and/or amphiphilic compound (e.g., such as a
surfactant which is cleaved in the presence of the enzyme) such that at least a portion of
the plurality of Janus droplets change orientation as described herein. In certain
embodiments, the Janus droplets change orientation at a particular critical concentration
of the analyte.

In another exemplary embodiment, one or more Janus droplets may comprise an
amphiphilic compound such as a surfactant that is capable of interacting with a
biological analyte. In some such embodiments, the Janus droplet may change orientation
in the presence of a biological analyte such that the change in orientation can be detected
(e.g., by optical transmission).

In some embodiments, the interaction between a binding moiety and the analyte
includes a chemical transformation between the binding moiety and the analyte and/or
the binding moiety and a tether. Non-limiting examples of chemical transformations
include enzymatic degradation, enzymatic synthesis, ionization, cleavage, coupling,
hybridization, aggregation, hydrolysis, isomerization, reduction, oxidation, and host-
guest interactions of one or more components (or component materials such as a
surfactant). Other chemical transformations are also possible.

As described herein, in some embodiments, the methods and systems comprise an
outer phase and a plurality of Janus droplets dispersed within the outer phase. In certain
embodiments, the plurality of Janus droplets comprises two or more phases. The two or
more phases (e.g., a first phase and a second phase) may be substantially miscible over a
range of temperatures (e.g., below a critical temperature, above a critical temperature).
The two or more phases may also be substantially immiscible over a different range of
temperatures (e.g., above the critical temperature, below the critical temperature) than
the range of temperatures over which they are miscible. The use of two or more phases
with differing miscibility at different temperatures may allow for the one-step formation

(e.g., bulk) of such Janus droplets, unconstrained by the limits of previous methods (e.g.,
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low yield of microfluidic devices, multi-step processes, the need for solvent addition

and/or extraction, etc.).

Janus droplets described herein may be formed using any suitable method. For
example, in some embodiments, an outer phase material, a first phase, and a second
phase are mixed and emulsified, forming an outer phase and a plurality of Janus droplets
dispersed within the outer phase. Suitable methods for emulsifying the fluid are known
in the art and may comprise sonication, high shear mixing, shaking, passing the fluid
through a membrane, or injecting the two or more components into the outer phase
through a small diameter channel.

Non-limiting examples of methods for forming Janus droplets are described in
more detail in commonly-owned U.S. Patent Publication Number 2016/0151753, entitled
“Compositions and Methods for Forming Emulsions”, filed October 30, 2015 and in U.S.
Patent Publication Number 2016/0151756, entitled “Compositions and Methods for
Arranging Colloid Phases”, filed October 30, 2016, each of which is incorporated herein
by reference in its entirety.

In some embodiments, the methods and emulsions comprise an outer phase and a
plurality of droplets dispersed within the outer phase. In certain embodiments, the
plurality of droplets comprise two or more components. The two or more components
may be substantially miscible over a range of temperatures (e.g., below a critical
temperature, above a critical temperature). The two or more components may also be
substantially immiscible over a different range of temperatures (e.g., above the critical
temperature, below the critical temperature) than the range of temperatures over which
they are miscible. The use of two or more components with differing miscibility at
different temperatures may allow for the one-step formation (e.g., bulk) of emulsions
(e.g., complex emulsions), unconstrained by the limits of previous methods (e.g., low
yield of microfluidic devices, multi-step processes, the need for solvent addition and/or
extraction, etc.)

In some embodiments, the plurality of droplets comprise two or more
components, wherein the two or more components are immiscible below or above a
critical temperature. In some embodiments, the critical temperature is an upper
consolute temperature of the two or more components. That is to say, in some such
embodiments, the two components are substantially miscible above the upper consolute

temperature of the two or more components and substantially immiscible below the
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upper consolute temperature of the two or more components. In some embodiments, the

critical temperature is a lower consolute temperature of the two or more components.
That is to say, in some such embodiments, the two components are substantially miscible
below the lower consolute temperature of the two or more components and substantially
immiscible above the lower consolute temperature of the two or more components. In
some embodiments, the miscibility of the two or more components is reversible. That is
to say, the miscibility of the two or more components can be changed, in some
embodiments, by increasing or decreasing the temperature to a temperature greater than,
or less than, the critical temperature.

In some embodiments, two or more components may have an upper consolute
temperature greater than or equal to about 0 °C, greater than or equal to about 5 °C,
greater than or equal to about 8 °C, greater than or equal to about 10 °C, greater than or
equal to about 15 °C, greater than or equal to about 18 °C, greater than or equal to about
20°C, greater than or equal to about 22 °C, greater than or equal to about 25 °C, greater
than or equal to about 27 °C, greater than or equal to about 30 °C, greater than or equal to
about 35 °C, greater than or equal to about 40 °C, greater than or equal to about 50 °C,
greater than or equal to about 55 °C, or greater than or equal to about 60°C. In certain
embodiments, the upper consolute temperature of the two or more components is less
than about 70 °C, less than about 60 °C, less than about 55 °C, less than about 50 °C, less
than about 40 °C, less than about 35 °C, less than about 30 °C, less than about 27 °C, less
than about 25 °C, less than about 22 °C, less than about 20 °C, less than about 18 °C, less
than about 15 °C, less than about 10 °C, less than about 8 °C, or less than about 5 °C.
Combinations of the above-referenced ranges are also possible (e.g., a upper consolute
temperature of greater than or equal to about 0 °C and less than about 70 °C). Other
ranges are also possible. Those skilled in the art would be capable of selecting suitable
methods for determing the upper consolute temperature of two or more components.

In some embodiments, two or more components may have a lower consolute
temperature greater than or equal to about 0 °C, greater than or equal to about 5 °C,
greater than or equal to about 8 °C, greater than or equal to about 10 °C, greater than or
equal to about 15 °C, greater than or equal to about 18 °C, greater than or equal to about
20°C, greater than or equal to about 22 °C, greater than or equal to about 25 °C, greater
than or equal to about 27 °C, greater than or equal to about 30 °C, greater than or equal to

about 35 °C, greater than or equal to about 40 °C, greater than or equal to about 50 °C,
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greater than or equal to about 55 °C, or greater than or equal to about 60°C. In certain

embodiments, the lower consolute temperature of two components is less than about 70
°C, less than about 60 °C, less than about 55 °C, less than about 50 °C, less than about 40
°C, less than about 35 °C, less than about 30 °C, less than about 27 °C, less than about 25
°C, less than about 22 °C, less than about 20 °C, less than about 18 °C, less than about 15
°C, less than about 10 °C, less than about 8 °C, or less than about 5 °C. Combinations of
the above-referenced ranges are also possible (e.g., a lower consolute temperature of
greater than or equal to about 0 °C and less than about 70 °C). Other ranges are also
possible. Those skilled in the art would be capable of selecting suitable methods for
determining the lower consolute temperature of two or more components.

In some embodiments, the two or more components have a greater miscibility at
a first temperature as compared to a second temperature. That is to say, at the first
temperature, the two or more components may be miscible to some extent, and miscible
to some lesser extent (e.g., immiscible to some extent) at the second temperature.

In some cases, the two or more components may be substantially miscible over a range
of pressures (e.g., below a critical pressure, above a critical pressure). The two or more
components may also be substantially immiscible over a different range of pressure (e.g.,
above the critical pressure, below the critical pressure) than the range of pressures over
which they are miscible. The use of two or more components with differing miscibility
at different pressures may allow for the one-step formation (e.g., bulk) of emulsions
(e.g., complex emulsions), unconstrained by the limits of previous methods (e.g., low
yield of microfluidic devices, multi-step processes, the need for solvent addition and/or
extraction, etc.)

Those skilled in the art would be capable of selecting a suitable temperature
and/or suitable pressure range for forming the emulsions described herein based upon the
teachings of the specification and the examples below, and would generally understand
these temperature ranges and/or pressure ranges to include ranges in which the two or
more components remain substantially fluid (e.g., below the boiling point of the two or
more components, above the freezing point of the two or more components.) In some
embodiments, the two or more components are immiscible with the outer phase over the
suitable temperature range and/or pressure range.

Immiscible, as used herein, refers to two components (or a phase and a

component, or a first phase and a second phase) having an interfacial tension of greater
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than or equal to 0.01 mN/m as determined by an inverted pendant drop goniometer.

Conversely, miscible, as used herein, refers to two components (or a phase and a
component) having an interfacial tension of less than 0.01 mN/m as determined by an
inverted pendant drop goniometer.

In some embodiments, at a temperature (and/or pressure) wherein the two or
more components are immiscible, the two or more components comprise a first
component and a second component at least partially encapsulated within the first
component. In certain embodiments, at a temperature (and/or pressure) wherein the two
or more components are immiscible, the two or more components do not encapsulate
each other but interface with the outer phase (or an additional component at least
partially encapsulating the two or more components) to form Janus droplets. Janus
droplets are generally droplets where the droplet is divided into two or more distinct
parts comprising two or more different components that do not encapsulate each other.
For example, in some embodiments, the emulsion comprises an hydrocarbon and/or
aqueous phase and a plurality of droplets comprising a hydrocarbon and a fluorocarbon,
wherein the plurality of droplets are Janus droplets.

The term component, as used herein, generally refers to a portion of a droplet
comprising a group of substantially similar molecules, a group of substantially similar
compounds, and/or a phase (e.g., a non-hydrocarbon and/or aqueous phase, an
hydrocarbon and/or aqueous phase). Those skilled in the art would understand that is not
intended to refer to single molecules or atoms. In some embodiments, the component is
a liquid phase (e.g., a gas phase, an hydrocarbon and/or aqueous phase, a non-
hydrocarbon and/or aqueous phase) comprising a group of substantially similar
compounds and/or molecules. For example, in some cases, each component may occupy
at least about 1 vol%, at least about 2 vol%, at least about 5 vol%, at least about 10 vol%,
at least about 20 vol%, at least about 50 vol%, at least about 70 vol%, at least about 90
vol%, at least about 95 vol%, or at least about 99 vol% of the total volume of the two or
more components.

The term phase, as used herein, generally refers to a portion of a droplet or fluid
comprising a group of substantially similar molecules, and/or a group of substantially
similar compounds. Those skilled in the art would understand that is not intended to refer
to single molecules or atoms. In some embodiments, the phase is a liquid phase (e.g., an

hydrocarbon and/or aqueous phase, a non-hydrocarbon and/or aqueous phase)



10

15

20

25

30

WO 2021/055092 PCT/US2020/042599

-34 -
comprising a group of substantially similar compounds and/or molecules and/or

polymers. For example, in some cases, each phase may occupy at least about 1 vol%, at
lIeast about 2 vol %, at least about 5 vol%, at least about 10 vol%, at least about 20 vol%,
at least about 50 vol%, at least about 70 vol%, at least about 90 vol%, at least about 95
vol%, or at least about 99 vol% of the total volume of the two or more phases.

In some embodiments, at least one of the two or more phases (e.g., the first
phase) comprises a hydrocarbon. Non-limiting examples of suitable hydrocarbons
include alkanes (e.g., hexane, heptane, decane, dodecane, hexadecane), alkenes, alkynes,
aromatics (e.g., benzene, toluene, xylene, benzyl benzoate, diethyl phalate), oils (e.g.,
natural oils and oil mixtures including vegetable oil, mineral oil, and olive oil), liquid
monomers and/or polymers (e.g., hexanediol diacrylate, butanediol diacrylate,
polyethylene glycols, trimethylolpropane ethoxylate triacrylate), alcohols (e.g., butanol,
octanol, pentanol), ethers (e.g., diethyl ether, diethylene glycol, dimethyl ether),
nitromethane, halogenated liquids (e.g., chloroform, dichlorobenzene, methylene
chloride, carbon tetrachloride), brominated liquids, iodinated liquids, lactates (e.g., ethyl
lactate), acids (e.g., citric acid, acetic acid), liquid crystals (4-cyano-4'-pentylbiphenyl),
trimethylamine, liquid crystal hydrocarbons (e.g., 5-cyanobiphenyl), combinations
thereof, and derivatives thereof, optionally substituted. In some embodiments, the
hydrocarbon comprises a halogen group, sulfur, nitrogen, phosphorous, oxygen, or the
like. Other hydrocarbons and solutes are also possible.

In some embodiments, at least one of the two or more phases (e.g., the second
phase) comprises a fluorocarbon. Non-limiting examples of suitable fluorocarbons
include fluorinated compounds such as perfluoroalkanes (e.g., perfluorohexanes,
perfluorooctane, perfluorodecalin, perfluoromethylcyclohexane), perfluoroalkenes (e.g.,
perfluorobenzene), perfluoroalkynes, and branched fluorocarbons (e.g.,
perfluorotributylamine). Additional non-limiting examples of suitable fluorocarbons
include partially fluorinated compounds such as methoxyperfluorobutane, ethyl
nonafluorobutyl ether, 2H,3H-perfluoropentane, trifluorotoluene, perfluoroidodide,
fluorinated or partially fluorinated oligomers, 2,2,3,3.4,4,5,5,6,6,7,7,8.,8,9.9-
hexadecafluorodecane-1,10-diyl bis(2-methylacrylate), perfluoroiodide, and 2-

(trifluoromethyl)-3-ethoxydodecafluorohexane. Other fluorocarbons are also possible.
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In some embodiments, at least one of the two or more components phases a

silicone such as silicone oil. Non-limiting examples of suitable silicone oils include
polydimethylsiloxane and cyclosiloxane fluids.

In some embodiments, at least one of the two or more phases comprises water.

In some embodiments, at least one of the two or more phases comprises an ionic
liquid (e.g., an electrolyte, a liquid salt). In some embodiments, at least one of the two or
more inner phases comprises an ionic liquid (e.g., an electrolyte, a liquid salt, 1-allyl-3-
methylimidazolium bromide, 1-allyl-3-methylimidazolium chloride,
1-benzyl-3-methylimidazolium hexafluorophosphate, 1-butyl-1-methylpyrrolidinium
hexafluorophosphate). In some embodiments, the outer phase comprises water. In certain
embodiments, at least one of the two or more phases comprises a deuterated compound
(e.g., a deuterated hydrocarbon).

In some embodiments, at least one of the two or more phases comprises a
chlorinated solvent (e.g. chloroform, carbon tetrachloride).

In some embodiments, at least one of the two or more components comprises a
polymer (e.g., polyethylene glycol). In certain embodiments, the polymer is a block
copolymer. In certain embodiments, the polymer is a liquid crystal polymer (e.g., a
thermotropic liquid crystal polymer). In certain embodiments, the polymer is a
biopolymer (e.g. gelatin, alginate)

Non-limiting examples of combinations of components present in the emulsion
described herein include hexane and perfluorohexane, carbon tetrachloride and
perfluorohexane, chloroform and perfluorohexane, hexane and perfluorodecalin, hexane
and perfluoromethylcyclohexane, hexane and perfluorotributylamine, isopropanol and
hexadecane, ethyl lactate and heptane, acetic acid and decane, and triethylamine and
water. Other combinations and materials are also possible.

In some embodiments, at least one of the two or more components comprises a
gas (e.g., a perfluoropentane gas).

In some embodiments, at least one of the two or more phases comprises a
combination of the materials described above (e.g., comprising a hydrocarbon, a
fluorocarbon, a silicone, or combinations thereof). Non-limiting examples of
combinations of phases present in the Janus droplets described herein include hexane and
perfluorohexane, carbon tetrachloride and perfluorohexane, chloroform and

perfluorohexane, hexane and perfluorodecalin, hexane and perfluoromethylcyclohexane,
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hexane and perfluorotributylamine, isopropanol and hexadecane, ethyl lactate and

heptane, acetic acid and decane, and triethylamine and water. Other combinations and
materials are also possible.

In some embodiments, at least one of the two or more components comprises a
combination of the materials described above (e.g., comprising a hydrocarbon, a
fluorocarbon, a silicone, or combinations thereof).

Those skilled in the art would be capable of selecting suitable phases based upon
the teachings of the specification and the examples below such that the two or more
phases are immiscible under a particular range of temperatures and/or conditions, as
described above.

The outer phase may comprise any suitable material. Generally, the two or more
phases comprising the plurality of Janus droplets may be substantially immiscible with
the outer phase. In some embodiments, the outer phase is an hydrocarbon and/or aqueous
phase (e.g., comprising water). The hydrocarbon and/or aqueous phase may, in some
cases, have ions and/or be mixed with a biological fluid (e.g., sputum, blood, plasma,
urine). In certain embodiments, the outer phase is a non-hydrocarbon and/or aqueous
phase. In some embodiments, the non-hydrocarbon and/or aqueous phase comprises a
hydrocarbon, a fluorocarbon, a silicone, or the like, as described above in the context of
the two or more phases, substantially immiscible with the two or more phases. Those
skilled in the art would be capable, based upon the teachings of the specification and the
examples below, of selecting suitable materials for use as an outer phase based upon the
miscibility of those materials (e.g., such that the two or more phases are substantially
immiscible with the outer phase). The use of a non-hydrocarbon and/or aqueous outer
phase may be advantageous in certain applications where the emulsion is used in low
humidity environments. For example, a plurality of Janus droplets comprising
fluorocarbon/hydrocarbon phases can be created in a liquid silicone matrix.

Those skilled in the art would be capable, based upon the teachings of the
specification and the examples below, of selecting suitable materials for use as an outer
phase based upon the miscibility of those materials (e.g., such that the two or more
components are substantially immiscible with the outer phase). The use of an non-
hydrocarbon and/or aqueous outer phase may be advantageous in certain applications
where the emulsion is used in low humidity environments. For example, a plurality of

droplets comprising fluorocarbon/hydrocarbon phases can be created in a liquid silicone
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matrix. The silicone can be crosslinked of polymerized to change its mechanical

properties. In some embodiments, at least a portion of the droplets may be deformed
and/or aligned by mechanically deforming (e.g., applying a mechanical force to) the
outer phase.

In some embodiments, the Janus droplet comprises an amphiphilic compound. In
certain embodiments, the binding moiety is associated with the amphiphilic compound.
For example, the binding moiety may be bound to at least a portion of the amphiphilic
compound.

In certain embodiments, the amphiphilic compound is miscible in the outer phase.
In some embodiments, the amphiphilic compound is miscible in at least one of the two or
more phases (e.g., the first phase, the second phase). In certain embodiments, the
amphiphilic compound has a greater miscibility in at least one of the two or more phases
than a miscibility in the outer phase. In other embodiments the amphiphilic compound is
added to the Janus droplet though a dispersion, such as a hydrocarbon and/or aqueous
micelle structure or dissolution method (e.g., comprising injecting a dispersion of the
amphiphilic compound into the solution containing the Janus droplets). In some
embodiments, the amphiphilic compound is disposed at the interface between the outer
phase and the plurality of Janus droplets. Amphiphilic compounds may also be
generated, in some embodiments, by reaction of a solute in one phase with solute in
another phase. For example, without wishing to be bound by theory, a reactive group in
an organic phase may, in some cases, react with a solute from a hydrocarbon and/or
aqueous phase to create a amphiphilic molecule at the surface of a droplet. In certain
embodiments, the amphiphilic compound is disposed at the interface between at least
two of the two or more phases (e.g., the interface between the first phase and the second
phase). The amphiphilic compound may preferentially interact with one or more phases
or the outer phase. Those skilled in the art would be capable of selecting a suitable
amphiphilic compound based upon the teachings of the specification and examples
below.

In some embodiments, the amphiphilic compound is a surfactant. Non-limiting
examples of suitable surfactants include ionic surfactants, non-ionic surfactants, and
zwitterionic surfactants. In some embodiments, the surfactant is a fluorosurfactants (e.g.,
commercially available fluorosurfactants such as Zonyl® or Capstone®). In certain

embodiments, the surfactant is anionic surfactants (e.g., sodium dodecyl sulfate (SDS)),
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cationic surfactants (e.g., alkyltrimethyl ammonium chloride, alkylmethyl ammonium

bromide), non-ionic surfactants (e.g., alkyl poly(ethylene oxide)), zwitterionic
surfactants (e.g., alkyl betain, C8-lecitin), polymeric surfactants, gemini surfactants,
particulate surfactants (e.g., graphene oxide, silica particles, gold nanoparticles, polymer
nanoparticles), and combinations thereof. Other surfactants are also possible. In some
embodiments, the amphiphilic compound is a nucleic acid (e.g., DNA, RNA). In certain
embodiments the amphiphilic compound comprises an amino acid (e.g., a peptide, a
protein). In some embodiments, the amphiphilic compound comprises a biomaterial.
Non-limiting examples of suitable biomaterials include carbohydrates or derivatives
thereof, saccharides or derivatives thereof (e.g., sialic acid), lipids or derivatives thereof,
enzymes, chromophores or the like. Those skilled in the art would be capable of
selecting suitable biomaterials based upon the teachings of the specification and the
examples below.

In some embodiments, the amphiphilic compound comprises a perfluorinated
segment. In some embodiments, the amphiphilic compound comprises ethylene glycol.

In some embodiments, the amphiphilic compound is capable of forming metal
complexes.

In some embodiments, the amphiphilic compound is gallic acid or derivatives
thereof (e.g., tridodecyl gallic acid).

In some embodiments, the amphiphilic compound has a structure as in formula

(D:

o) R4

(@)
R M

wherein each R!-R? is the same or different and comprises hydrogen or alkyl, optionally
substituted, and wherein R* is capable of binding to a biological analyte. In some
embodiments, each of R!-R3 are the same or different and are CyHus1-, where n is an
integer greater than or equal to 10 and less than or equal to 30 (e.g., 10, 11, 12, 13, 14,
15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30). In some embodiments, R,
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R?, and/or R*may be a saturated or unsaturated alkyl chain, optionally substituted. In

some embodiments, R* comprises or is derived from methyl, carbonyl, carboxyl, N-
hydroxysuccinimide, 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide, and N-(2-
aminoethyl)maleimide.

In some embodiments, the amphiphilic compound is capable of forming a bond
with an analyte (e.g., a biological analyte). In some embodiments, R* is capable of
forming the bond with the analyte. In some embodiments, R* is capable of interacting
with the analyte via formation of a bond, such as an ionic bond, a covalent bond, a
hydrogen bond, Van der Waals interactions, and the like. The covalent bond may be, for
example, carbon-carbon, carbon-oxygen, oxygen-silicon, sulfur-sulfur, phosphorus,
nitrogen, carbon-nitrogen, metal-oxygen, or other covalent bonds. The hydrogen bond
may be, for example, between hydroxyl, amine, carboxyl, thiol, and/or similar functional
groups.

In some embodiments, R* comprises one or more binding moieties as described
herein.

In some embodiments, the amphiphilic compound may comprise a polymer (e.g.,
a block copolymer), as described herein. Non-limiting examples of suitable polymers for

use as amphiphilic compounds include:

, , and
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where x is 0-1, y is 0-1, and x+y=1. In some embodiments, a tetrazine click reaction may

be used to form and/or react with the amphiphilic compound (e.g., the polymer).

In some embodiments, the one or more phases (e.g., the first phase, the second
phase) and/or the outer phase comprises an additional compound dispersed in the one or
more phases and/or the outer phase. In certain embodiments, the additional compound is
miscible/dispersible in the first phase and immiscible/not dispersible in the second
phases. In some cases, at least a portion of the additional compound is dispersible in the
first phases and not dispersible in the second phases (e.g., a surfactant). In some
embodiments, the additional compound may be dispersible or not dispersible in the outer
phase. Non-limiting examples of suitable additional compounds include particles (e.g.,
magnetic particles/nanoparticles, silica particles), biological molecules (e.g., insulin),
pharmaceutical compounds, polymers, surfactants, cells, bacteria, viruses, active
pharmaceutical ingredients, and metals or metal particles. Other additional compounds
are also possible and those skilled in the art would be capable of selecting such
compounds based upon the teachings of this specification.

In some embodiments, the emulsion can be formed by adjusting the temperature
of a fluid comprising the outer phase and the two or more immiscible components such
that the two or more components become substantially miscible with each other, and
emulsifying the fluid (e.g., thus forming the plurality of droplets). In certain
embodiments, the method comprises adjusting the temperature of the fluid comprising
the plurality of droplets such that the two or more components become substantially
immiscible.

In some embodiments, the plurality of Janus droplets can be formed by adjusting
the temperature of a fluid comprising the outer phase and the two or more immiscible
phases such that the two or more phases become substantially miscible with each other,
and emulsifying the fluid (e.g., thus forming the plurality of Janus droplets). In certain
embodiments, the method comprises adjusting the temperature of the fluid comprising
the two phases such that the two or more phases become substantially immiscible. In
other embodiments, the method comprises the addition of a solvent that creates a stable
uniform composition prior to emulsification, and the solvent is removed by evaporation
or extraction to give phase separation and produce a Janus droplet.

For example, as illustrated in FIG. 3B, a fluid 300A comprises first phase 310

(e.g., a hydrocarbon) and second phase 320 (e.g., a fluorocarbon) which are immiscible
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at a first temperature To. In some embodiments, Ty is adjusted to a second temperature T

(e.g., where T is greater than To, or where T is less than To) such that the first
component and second component form a miscible mixture 330 in fluid 300B. For
example, in some embodiments, the first phase and the second phase, which are initially
substantially immiscible, may be heated such that they are miscible. In certain
embodiments, the first phase and the second phase, which are initially substantially
immiscible, may be cooled such that they are miscible. Miscible mixture 330 can, in
certain embodiments, be emulsified to form emulsion 300C comprising plurality of
droplets 332. Plurality of droplets 332 may comprise miscible mixture 330 and be
present in an outer phase 340. In some cases, outer phase 340 may be added prior to
changing the temperature from To to T1. In certain embodiments, outer phase 340 may be
added after changing the temperature but prior to emulsification.

In some embodiments, T1 is adjusted to a temperature T2 (e.g., where T2 is
greater than T1 or where T2 is less than T1) such that droplet 332 comprises first
component 310, and second component 320 substantially immiscible with first
component 310, contained within the droplet. In some such embodiments, first
component 310 may be at least partially encapsulated by second component 320. In
some embodiments, first component 310 and second component 320 are not
encapsulated but form a Janus particle (FIG. 3B).

In some embodiments, T is adjusted to a temperature T2 (e.g., where T2 is
greater than T1 or where T2 is less than T1) such that droplet 332 comprises first phase
310, and second phase 320 substantially immiscible with first component 310, forming a
Janus droplet.

In some embodiments, T is greater than a critical temperature of the two or more
phases (e.g., an upper consolute temperature of the two or more phases). In certain
embodiments, T is less than a critical temperature of the two or more phases (e.g., a
lower consolute temperature). Those skilled in the art will be capable of selecting
suitable methods for determining the critical temperature (e.g., the upper consolute
temperature, the lower consolute temperature) of two or more phases.

Suitable methods for emulsifying the fluid are known in the art and may comprise
sonication, high shear mixing, shaking, passing the fluid through a membrane, or
injecting the two or more components into the outer phase through a small diameter

channel.
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Colloids (e.g., droplets) described herein offer numerous advantages to colloids

known in the art, including the ability to reversibly, dynamically, and/or controllably
change the arrangement and/or configuration of the components within the colloid (e.g.,
in response to an external stimulus, a change in temperature, or an analyte). In some
embodiments, the colloid comprises an outer phase and a plurality of droplets (or
regions) comprising two or more components. For example, in certain embodiments, the
colloid comprises an outer phase and a plurality of droplets comprising a first component
and a second component. In some cases, the colloid comprises an outer phase, and a
plurality of droplets (or regions) comprising a first component, a second component, and
a third component. Additional components are also possible.

In certain embodiments, the colloid comprises an outer phase and a plurality of
droplets where a first component encapsulates a second component. In some
embodiments, the colloid may be stimulated (e.g., by a first stimulus such as a change in
temperature or exposure to an analyte) such that the components change arrangement and
the second component encapsulates the first component. Those skilled in the art would
understand that changes in arrangement as described herein do not refer to the motion of
immiscible phases in a colloid due to regular fluid motion driven by passive diffusion
and/or Brownian motion, but instead refer to the controlled change in arrangement of
phases as a result of the addition of a particular stimulus or condition not present prior to
the rearrangement of phases (or removal of a particular stimulus or condition, present
prior to the rearrangement of phases), and are described in more detail below. In certain
cases, a change in temperature may increase the passive diffusion and/or Brownian
motion of phases present in the colloid but does not result in rearrangement of phases as
described herein (e.g., until the temperature reaches a critical temperature as described in
more detail below).

Referring to FIG. 3C, in some embodiments, colloid 100 comprises an outer
phase 110, and a plurality of droplets (shown as exemplary droplet 102) comprising a
first component 120 and a second component 130 at least partially encapsulated by the
first component (configuration 100A). In certain embodiments, colloid 100 having
configuration 100A may be stimulated (e.g., by a first stimulus) such that at least a
portion of the plurality of droplets obtain a second configuration 100C, such that second
component 130 at least partially encapsulates first component 120. That is to say, in

certain embodiments, the first component and the second component may transpose. In
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some embodiments, the rearrangement between the first configuration and the second

configuration may be reversible. For example, in some cases, colloid 100 comprising a
plurality of droplets having second configuration 100C may be stimulated (e.g., by a
second stimulus) such that at least a portion of the plurality of droplets return to first
configuration 100A.

In some embodiments, the colloid comprises a plurality of droplets comprising
three or more components. In some such embodiments, the colloid may be stimulated
such that two or more of the three of more components change arrangement. In an
exemplary embodiment, a colloid comprises a plurality of droplets comprising a first
component at least partially encapsulating a second component, the second component at
least partially encapsulating a third component, and upon stimulation, the first
component changes arrangements with the second and/or third components. For
example, as illustrated in FIG. 3D, colloid 100 may comprise outer phase 110 and a
plurality of droplets (shown as exemplary droplet 104) comprising a first component
120, a second component 130, and a third component 140. In certain embodiments, the
third component at least partially encapsulates the second component, and the first
component at least partially encapsulates the second and third components. In certain
embodiments, colloid 100 having configuration 100D may be stimulated (e.g., by a first
stimulus) such that at least a portion of the plurality of droplets obtain a second
configuration 100E, such that the second component at least partially encapsulates the
first and third components. In some embodiments, the rearrangement between
configuration 100D and 100E are reversible. For example, in some cases, colloid 100
comprising a plurality of droplets having configuration 100E may be stimulated (e.g., by
a second stimulus) such that at least a portion of the plurality of droplets return to
configuration 100D.

In certain embodiments, the colloid may be stimulated such that two or more
components become miscible. Referring now to FIG. 3F, in some embodiments, the
colloid comprises outer phase 110, and a plurality of droplets (shown as exemplary
droplet 108) comprising a first component 120 and a second component 130 at least
partially encapsulated by the first component (configuration 100A). In certain
embodiments, colloid 100 having configuration 100A may be stimulated (e.g., by a first
stimulus) such that at least a portion of the plurality of droplets obtain a second

configuration 100F, such that the first component and the second component form a
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miscible mixture 125. Those skilled in the art would understand that droplets comprising

two or more, three or more, or four or more components may, upon stimulation, have
two or more, three or more, or four or more components form a miscible mixture.

In some cases, the colloid may comprises two or more miscible components that,
upon stimulation, become immiscible. Referring again to FIG. 3F, in certain
embodiments, the colloid having a plurality of droplets comprising mixture 125 such that
(configuration 100F), upon stimulation, the mixture separates into first component 120
and second component 130, at least partially encapsulated by first component 120
(configuration 100A).

While exemplary configurations for a plurality of droplets having two or more
components, are described above, those skilled in the art would understand based upon
the teaching of this specification that additional reconfigurations and rearrangements are
also possible (e.g., the third component encapsulating the first and second components,
etc.). Those skilled in the art would also understand, based upon the teachings of this
specification, that droplets comprising four or more, five or more, or six or more
components are also possible and that such droplets may also be stimulated such that two
or more of the components rearrange.

Those skilled in the art will understand that while much of the specification refers
to a plurality of droplets, the colloid may comprises an outer phase and a plurality of
regions comprising two or more components, such that the two or more components
change configuration (e.g., after stimulation).

In some cases, the methods and colloids described herein may be useful for the
formation of Janus droplets. For example, in certain embodiments, the first component
and second component may change configuration upon stimulation such that neither
component encapsulates the other component in the new configuration. In some such
embodiments, the colloid may comprise a plurality of Janus droplets. In some such
embodiments, the colloid is stimulated such that the plurality of droplets form Janus
droplets.

For example, as shown in FIG. 3E, second configuration 100B may comprise a
Janus droplet. That is to say, in certain embodiments, the two or more components do
not encapsulate each other but interface with the outer phase to form Janus droplets.
Janus droplets are generally known in the art and comprise droplets wherein the droplet

is divided into two distinct parts comprising two different components. For example, in
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some embodiments, the emulsion comprises an outer phase and a plurality of droplets

comprising a first component and a second component, wherein the plurality of droplets
are Janus droplets.

In some embodiments, colloid 100 may, upon stimulation, change configuration
from first configuration 100A, to an intermediate configuration 100B. In some cases,
colloid 100 may reversibly return (upon a second stimulation) to first configuration
100A, or obtain third configuration 100C. In certain embodiments, the change in
configuration between configuration 100A and configuration 100B, or between
configuration 100C and configuration 100B, is reversible. That is to say, in some
embodiments, colloid 100 may change arrangement from the second configuration
and/or the third configuration to the first configuration in the presence of a second
stimulus, different than a first stimulus.

The first stimulus and the second stimulus may be the same type of stimulus (e.g.,
light, heat, force, an analyte, an acid) but differ in a property of the stimulus (e.g.,
different intensities of light, different magnitudes of temperature change, different
magnitudes of force, different analytes, different analyte concentrations). In an
exemplary embodiments, the first stimulus may be an analyte present at a first
concentration, and the second stimulus comprises the analyte present in a second
concentration, less than the first concentration (e.g., the degradation of an analyte below
a particular concentration results stimulates the colloid).

In some cases, the first stimulus and the second stimulus may be different (e.g., a
different type of stimulus, a different property of the stimulus).

An exemplary screening test for determining suitable stimuli includes preparing a
colloid having a plurality of droplets comprising a first component and a second
component at least partially encapsulated by the first component. The second component
further comprises a dye (miscible in the outer phase but not present in the outer phase),
dispersed within the second component, the dye being immiscible and not dispersed
within the first component. Upon adding or exposing the colloid to the stimulus, as
described herein, the first component and second component rearrange such that the
second component at least partially encapsulates the first component and the dye is
observed in the outer phase.

The colloid may be stimulated for any suitable amount of time. For example, in

some cases, the stimulus is added to the colloid and not removed. In certain
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embodiments, the stimulus is applied for a specific amount of time. In some such

embodiments, the stimulus may be applied for between about 1 second and about 10
seconds, between about 5 seconds and about 60 seconds, between about 30 seconds and
about 2 minutes, between about 1 minute and about 5 minutes, between about 2 minutes
and about 10 minutes, between about 5 minutes and about 15 minutes, between about 10
minutes and about 30 minutes, between about 15 minutes and about 60 minutes, between
about 30 minutes and about 2 hours, between about 1 hour and about 6 hours, or between
about 2 hours and about 24 hours. In some cases, the colloid may be stimulated for
greater than 24 hours.

In certain embodiments, the second stimulus is the removal of the first stimulus.
That is to say, in some embodiments, the two or more components in the plurality of
droplets have a first configuration and change arrangement in the presence of a first
stimulus to a second configuration. In some such embodiments, the two or more
components may return to the first configuration upon removal of the first stimulus.
Stimuli are described in more detail, below. The term component, as used herein,
generally refers to a portion of a droplet comprising a group of substantially similar
molecules, a group of substantially similar compounds, and/or a phase (e.g., a non-
hydrocarbon and/or aqueous phase, a hydrocarbon and/or aqueous phase) comprising
such molecules and/or compounds. Those skilled in the art would understand that the
term component is not intended to refer to a single molecule or atom. In some
embodiments, the component is a liquid phase (e.g., a gas phase, a hydrocarbon and/or
aqueous phase, non-hydrocarbon and/or aqueous phase) comprising a group of
substantially similar compounds and/or molecules. For example, in some cases, each
component may occupy at least about 1 vol%, at least about 2 vol %, at least about 5
vol%, at least about 10 vol%, at least about 20 vol%, at least about 50 vol%, at least
about 70 vol%, at least about 90 vol%, at least about 95 vol%, or at least about 99 vol%
of the total volume of the two or more components present within each droplet.

In some embodiments, the plurality of droplets comprise two or more
components (e.g., three or more components, four or more components, five or more
components) such that at least two of the two or more components change configuration
in the presence of a stimulus. In some cases, the two or more components may be
substantially miscible over a range of temperatures (e.g., below a critical temperature of

the two or more components, above a critical temperature of the two or more
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components). In some cases, the two or more components may also be substantially

immiscible over a different range of temperatures (e.g., above the critical temperature of
the two or more components, below the critical temperature of the two or more
components) than the range of temperatures over which they are miscible.

In some embodiments, the two or more components may be selected such that the
interfacial tension between the two or more components allows for slight changes in
interfacial tension (e.g., in response to a stimulus that changes the conformation and/or a
property of the one or more components) to change the configuration of the two or more
components within at least a portion of the plurality of droplets. The morphology of the
plurality of droplets is generally controlled by interfacial tension between two or more
components within the droplets. For example, a complex emulsion of any immiscible
liquids F and H (at a given volume ratio) in a third immiscible liquid W has interfacial
tensions of the H-W interface, yu, the F-W interface, yr, and the F-H interface, yru. In
some cases, Yr and Yy may be greater than yry such that combinations of liquids H and F
have low interfacial tension just below a critical temperature of the two liquids.
Generally, such multi-phase droplets may have equilibrium spherical shapes and may
exhibit, for example, thermodynamically-permissible internal configurations including
(1) liquid H completely engulfs liquid F (FIG. 3G), (2) liquids H and F form a Janus
droplet (FIG. 3I), and (3) liquid F completely engulfs liquid H (FIG. 3H). These droplet
configurations may be characterized, in some cases, by two contact angles, Ou between
the H-W and F-H interfaces, and Or between the F-H and F-W interfaces. The three
interfacial tensions acting along the interfaces must be in equilibrium for the droplet

configuration to be stable as can be expressed by the following equations:
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In some cases, Ou approaches 0 and Or approaches 0, yielding the following two

relationships:

These equations generally indicate that when yr— yu > yru, the droplets can rearrange to

configuration (1) in FIG. 2A. Conversely, when yu — yr > yrn, the droplets can rearrange
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to configuration (3) in FIG. 2C. However, when the difference between yu and yr is on

the order of yru, the droplets can rearrange to a Janus droplet geometry associated with
configuration (2) in FIG. 3H. As such, slight changes in the balance of yu and yr may
induce changes in the droplet’s morphology. In some embodiments, the two or more
components may be selected such that changes in the balance of yy and yrresult in the
reversible change of configuration of the two or more components within a portion of the
plurality of droplets.

Those skilled in the art would be capable of selecting suitable components such
that the components have a first configuration (i.e. arrangement) in the absence of a
stimulus and a second configuration (i.e. arrangement) in the presence of the stimulus.
In some embodiments, the components have a first configuration (i.e. arrangement) in
the presence of a first stimulus and a second configuration (i.e. arrangement) in the
presence of a second stimulus.

The term stimulating as used herein generally refers to the addition, removal, or
change of a condition, a compound, or the environment (e.g., temperature, pressure, pH)
such that the interfacial tension between two or more components is changed. Those
skilled in the art will be capable of selecting suitable stimulus for use with the colloid
described herein based upon the teachings of the specification and will understand
stimulation does not comprise substantially removing a component and/or replacing the
entirety of a component with a new component. However, in some embodiments,
stimulating the colloid may result in a component, additional compound, and/or
surfactant present in the colloid changing molecular conformation such that the
component, additional compound, and/or amphiphilic compound is chemically
distinguishable after stimulation (e.g., an acid cleavable component, additional
compound, and/or amphiphilic compound that cleaves in the presence of an acid, a
photosensitive component, additional compound, and/or amphiphilic compound that
changes conformation or molecular structure after exposure to light) as compared to
before stimulation. In certain embodiments, stimulating the colloid may result in a
change in interfacial tension between two or more components such that the two or more
component rearrange and/or mix.

In some embodiments, stimulating the colloid changes the arrangement of the
colloid, as described herein. For example, in certain embodiments, stimulating the

colloid changes the molecular conformation of at least one of the two or more
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components. In certain embodiments, stimulating the colloid releases at least one of the

two or more components, additional compounds, and/or amphiphilic compounds, from a
portion of the plurality of droplets. In some embodiments, stimulating the colloid
changes an average birefringence of the colloid (e.g., increases the birefringence,
decreases the birefringence). In certain embodiments, stimulating the colloid changes the
color of the colloid and/or changes an average optical transmission of the colloid. In
some cases, stimulating the colloid may change an average luminesce of the colloid. In
certain embodiments, stimulating the colloid may change an average density of the
colloid.

Those skilled in the art would understand that changing a property of a colloid
refers to a property of the colloid immediately before that differs in a substantially
measurable way from the property of the colloid at some relatively short time (e.g.,
seconds, minutes, hours) after stimulation. Those skilled in the art would also be capable
of selecting methods for determining the change in the property of the colloid (e.g.,
measuring the average birefringence, measuring the optical transmission, measuring the
density, etc.) based upon the specification and examples below.

In some embodiments, stimulating the colloid comprises exposing the colloid to
an external stimulus (e.g., such that the configuration of two or more components is
changed). In some such emb