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METHODS TO PREPAIRE PATCHY 
MICROPARTICLES 

0001. This application claims the benefit of U.S. Provi 
sional Patent Application No. 61/249,802, filed on Oct. 8, 
2009, which is incorporated herein by reference in its entirety. 

BACKGROUND 

0002 Microspheres with regular and ordered surface pat 
terns (patches) have tremendous potential for usage in sensor, 
biomedical and photonic applications. However a method for 
the easy patterning of the microsphere Surface, post pattern 
functionalization and the easy recovery of the microspheres is 
not currently available. 
0003. Several attempts to synthesize patchy microspheres 
have been explored. Further, more complex methods have 
been used to reduce the size of the patches (from Janus to 
discrete patches separated by Some distance). However, these 
procedures have thus far only patterned one of the particle 
hemispheres. Furthermore, most of these techniques (includ 
ing ones that can affect the entire particle Surface) are not 
Suitable for post pattern functionalization using soft struc 
tures like proteins or polymers. 
0004 Recently, Wang et al., Angew. Chem. Int. Ed. 2008, 
47, 4725-4728, has reported self-assembly mediated packing 
of the microparticles. They were further annealed at the con 
tact points to generate non-spherical particles. The major 
disadvantage with this approach is that the Surface chemistry 
at the contact point is altered due to annealing. On the other 
hand Snyder, C. E.; Yake, A. M.; Feick, J. D.; Velegol, D. 
Langmuir 2005, 21, 4813-4815 proposed a more robust tech 
nique, based on “microparticle lithography'. The disadvan 
tage with this technique is that it can be done only in batches 
and the formed patterns are not in a regular order. Scaffolding 
and treatments in microfluidic chamber are possible alterna 
tives. However, special care will need to be taken in recovery 
of the particles with high surface fidelity. 

SUMMARY 

0005. One embodiment disclosed herein involves a 
method for making microparticles having an exterior Surface, 
comprising: 
0006 preparing a self-assembled arrangement of micro 
particles; 
0007 contacting the self-assembled microparticles with a 
patch-forming agent resulting in a microparticle/patch-form 
ing agent assembly having proximal regions between adja 
cent microparticles and/or proximal regions between a micro 
particle and another Substrate, wherein the patch-forming 
agent is present in the proximal regions; and 
0008 condensing the patch-forming agent such that a pat 
tern of a plurality of discrete patches of patch-forming agent 
are formed on the exterior surfaces of the microparticles at the 
proximal regions. 
0009. Also disclosed herein is a method of functionalizing 
particles, comprising: 

0010 a. arranging particles in a two- or three-dimen 
sional pattern; 

0011 b. contacting the particles with a solvent compris 
ing a polymer to produce a polymer mixture; and 
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0012 c. dewetting the polymer mixture to produce 
functionalized particles having patches of the polymer 
on their surface. 

0013. A further embodiment disclosed herein is a syn 
thetic microsphere having an exterior spherical Surface, 
wherein the exterior spherical Surface comprises a first mate 
rial and a plurality of discrete, uniformly-dimensioned, 
patches of a second material (the second material may be a 
bioactive material) arranged in an orderly array over more 
than one hemisphere of the microsphere. 
0014. In an additional embodiment there is provided a 
composition comprising a scaffold that includes a self-as 
sembled arrangement of microparticles and a patch-forming 
agent that is disposed only at proximal regions between adja 
cent microparticles and is not disposed in interstitial spaces 
between the microparticles. 
0015. In a further embodiment there is provided a compo 
sition comprising a scaffold that includes a self-assembled 
arrangement of microparticles and a patch-forming agent that 
is disposed at proximal regions between adjacent micropar 
ticles and in interstitial spaces between the microparticles, 
wherein the patch-forming agent is only bound to Surface 
regions of the microparticles that are contiguous to proximal 
regions and the patch-forming agent is not bound to Surface 
regions of the microparticles that are contiguous to the inter 
Stitial spaces. 
0016. The foregoing will become more apparent from the 
following detailed description, which proceeds with refer 
ence to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0017 FIG. 1 is a schematic representation of one embodi 
ment of the methods disclosed herein. 
0018 FIG. 2 demonstrates the effect of solvent in the 
microparticle self-assembly process. The first row (FIG. 2A) 
is optical microscopy of a drop of microparticles when dried. 
The second and third rows (FIGS. 2B and 2C) are SEM 
images of microparticles on glass cover slips. Column, when 
solvent is Water (1 column), Ethanol (2" column), Propy 
lene glycol (3" column). FIG. 2B, particle self assembly; 
FIG. 2C, interconnection between the particles. 
(0019 FIG. 3 depicts the distribution of microparticles 
with patterned patches. Microparticles 1 in PDMS scaffold 
(B); the dimension of patches 2 in each microparticle (A). 
(0020 FIG. 4 demonstrates dewetting induced PDMS 
patch formation at the contact point or proximal region 10 of 
microspheres. PS microspheres (6 um), Bangs Labs) at room 
temperature (Column I), 90° C. (Column II), at the time of 
PDMS (10% w/v) addition. (Ia and IIa) Schematic represen 
tations of patch formation (Ib and IIb) Scanning electron 
microscope (SEM) images of PDMS patches at proximal 
regions 10 (contact points) between the microspheres. Inset: 
Zoomed out image demonstrating multiple particle proximal 
regions (arrows). (IIIa) Evidence for patch formation at the 
proximal regions only. (IIIb) Proximal regions (arrows) 
between microspheres and glass cover slip. 
0021 FIG. 5 depicts anisotropic microspheres with poly 
mer or protein islets. (A) SEM image of PS microspheres on 
PDMS scaffold, EDAX image of (B) PDMS scaffold, (C) 
patches (D) Microsphere surface (Non-patched region), 
0022 FIG. 6 shows the recovery of microspheres. Par 
ticles separated from the scaffold (A) arrow indicate the sepa 
rated microspheres; less contact between the particles and 
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PDMS (B), the hexagon indicates that the particles are stabi 
lized by lateral interlocking between them. 
0023 FIG. 7 depicts demonstrates microsphere self-as 
sembly and PDMS condensation. 
0024 FIG. 8 is a schematic representation of the pattern 
ing procedure. (A) Microsphere well, (B) Colloidal crystal, 
(C) PDMS layering, (D) Microsphere with PDMS patch, (E) 
Single protein labeled particles with unlabeled regions under 
patches, (F) Dual protein patterned particles. 
0025 FIG. 9 demonstrates a well-filling strategy: (A) 
SEM image of a microsphere “well created using water as a 
solvent (bar-100 um), (B) Finished colloidal crystal formed 
by iteratively filling the “well (bar-100 um). (C) Packing of 
the particles at the edge of the wells shown in A (bar=10 Lum), 
(D) internal view of packing in a finished colloidal crystal that 
has been physically split post-fabrication for visualization 
(bar-10 um). Images are representative of 10 independent 
experiments. (E) Schematic diagram of the packing of micro 
sphere in a minimum stable crystallite at the edge (F) and in 
the interior of the colloidal crystal 
0026 FIG. 10 shows anisotropic microspheres with poly 
mer or protein islets: (A) SEM image of PS microspheres on 
PDMS scaffold (bar-1 um). (B) Dual Protein patterned 
microspheres with FITC-avidin labeled body (green) and 
rhodamine-albumin labeled patches (red) (bar-5 um) 
0027 FIG. 11 shows patterning of various kinds of mask 
by exploring the lateral capillary force. Different patterns of 
lipid membranes on microspheres. (A) Patterning thin lipid 
film on the one surface of microspheres, (B) Fingered projec 
tions of lipid film with increased chol concentration except 
the proximal regions, (C) The effect of concentration of lipo 
Some concentration in the distribution of liposomes, (D) 
Nesosome patch formed at the proximal regions. 
0028 FIG. 12 illustrates a scheme for development of 
particles with predictable number of patches. (1) Single patch 
microspheres by evenly distributed particles on a porous Sub 
strate (the patch forms in the proximal region between the 
microsphere and the surface of the substrate), (2) Bipolar 
microspheres, when particles are arranged in a line on a 
hydrophobic porous substrate (the patches form in the proxi 
mal region between adjacent microspheres), (3) Micro 
spheres with three patches, when particles are arranged in a 
line on a hydrophilic porous substrate (the patches form in the 
proximal region between adjacent microspheres and in the 
proximal region between the microsphere and the Surface of 
the substrate), (4) Microspheres with four patches, when (3) 
covered with another porous membrane. 
0029 FIG. 13 shows bipolar microspheres using sodium 
chloride crystal mask formed at the proximal regions. (A) 
Arrangement of microspheres formed in line. (B) The sodium 
chloride crystal condensed at the proximal regions. Fluores 
cent images of (C) Microsphere with two patches, (D) Green 
channel, (E) Red channel. 
0030 FIG. 14 shows single protein patch on microspheres 
by condensing PEG gel between the microspheres. Doublet 
ing of microspheres with a mask (A), Breaking of the doublet 
to singlets (B), Labeling at the proximal regions (C), Etching 
of the remaining mask to liberate the microspheres (D and E). 

DETAILED DESCRIPTION 

General Process 

0031 Disclosed herein is a robust and feasible procedure 
to develop regular and ordered patches onto microparticles, 
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especially microspheres. The patterns formed on these micro 
particles are a heterogeneous phase of condensed molecules. 
These patches can be either used as a protective mask or a site 
for further (e.g., post patterning) functionalization. These 
techniques can be utilized for various kinds of microspheres 
(polymer, mineral and metallic), and patches (polymer, Small 
molecules, metal and mineral) with different sizes (by chang 
ing the neighboring microspheres around a single particle), 
and number (by varying the crystalline packing). The process 
is less energy and time consuming with higher precision when 
compared to other lithographic techniques. The pattern for 
mation is due to newly observed phenomena of capillary 
condensation of molecules in the proximal regions between 
adjacent microparticles. 
0032. The patch-forming methods disclosed herein are 
based on a contact or proximal location-mediated condensa 
tion process. In particular, when two or more microparticles 
(e.g., microspheres) (or a microparticle and another Substrate 
Such as a Substrate with a flat surface) are very close to (or in 
physical contact) each other in a liquid or fluid Suspension 
containing the patch-forming agent (which is chemically and/ 
orphysically distinct from the microparticle composition) the 
proximal region between the microparticles (or micropar 
ticles and another substrate) will be occupied by the liquid. 
Upon solidification of the microparticle/liquid assembly, 
patches of the patch-forming agent form via condensation at 
the proximal regions. In certain embodiments, the condensa 
tion can occur only at the proximal region (e.g. in the PDMS 
embodiment described below in more detail) and/or the 
region of the microparticle Surface where the thinnest liquid 
layer migrates and dries at the last stage of solidification. 
0033. The liquid from the interstitial space (the region 
other than the proximal region) has a minimal role in the 
patch-forming process and can be removed. For example, the 
interstitial space liquid can be drained off Such as, for 
example, in an embodiment wherein the patch-forming com 
position is a salt solution. In another embodiment, the inter 
Stitial space liquid forms a visco-elastic material (e.g. poly 
dimethylsiloxane (PDMS)) which dewets from the exterior 
Surface of microparticles. 
0034. As used herein, the “proximal region' in which the 
patches are formed is the region between adjacent micropar 
ticles (or a microparticle and an adjacent Substrate surface) 
where the exterior surfaces of the particles are at the closest 
spaced distance from each other and/or are physically con 
tacting each other. Illustrative proximal regions 10 are shown 
in FIG. 4. The narrow dimensions of the proximal region 
enables capillary-induced introduction of the patch-forming 
agent into channels in the proximal region. In addition, the 
dimension difference between the smaller-dimension proxi 
mal region and the larger-dimension interstitial space 
between the microparticles enhances selective removal (via 
dewetting, drying, etc.) of the patch-forming agent from those 
areas of the Surfaces on which patch formation is not desired. 
In certain embodiments, the proximal region is a region of the 
microparticle Surface where the thinnest liquid layer migrates 
and condenses at the last stage of Solidification. The patch 
forming agent only binds to the region of the microparticle 
Surface that is contiguous with the proximal region. The 
dimensions of the proximal region may vary according to the 
specific microparticle assembly arrangement, the Surface 
roughness of the microparticle, the composition of the micro 
particles and/or the spacing created between the micropar 
ticles by the introduction of the patch-forming agent fluid 
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between the microparticles. In certain embodiments, in the 
proximal region the average distance between adjacent 
microparticles, or between a microparticle and an adjacent 
substrate surface, is equal to or less than 1000 nm, more 
particularly equal to or less than 500 nm, and most particu 
larly equal to or less than 100 nm, and especially equal to or 
less than 50 nm. 

0035. As used herein, the “interstitial space' is the area 
between the microparticles that is outside of the proximal 
region. In other words, it is the area on the microparticle 
Surface on which patches are not formed because the capil 
lary/condensation conditions are insufficient to induce bind 
ing of the patch-forming agent to the exterior Surface of the 
microparticle. In most embodiments, the interstitial space 
defined by the areas in which the distance between the exte 
rior Surfaces of adjacent microparticles is greater compared to 
the narrow distance of the proximal region. Illustrative inter 
stitial spaces 20 are shown in FIG. 4. 
0036. The liquid removal from the interstitial spaces can 
be controlled and guided to make specific patterns of patches 
on the Surface of the microparticles. In certain embodiment, a 
desired pattern of patches can be achieved by arranging the 
microparticles in a specific sequence. 
0037. The patch-forming agent and the microparticles are 
contacted together under conditions Sufficient for Solidifying 
the patch-forming agent. The Solidification can occur via any 
phenomena Such as polymerization, drying, freezing, contact 
with a non Solvent for the patch-forming agent, or a combi 
nation thereof. The contact step may occur under ambient 
room temperature and room pressure. In certain embodi 
ments, it may be useful to preheat the microparticles prior to 
contact with the patch-forming agent (e.g., from 40 to 100° 
C., more particularly 60 to 80°C., for 5 minutes to one hour, 
more particularly 10 minutes to 30 minutes). 
0038. The methods disclosed herein provide the flexibility 
of producing any desired number of patches in any desired 
pattern over the entire exterior surface of the microparticles 
(e.g., over both hemispheres of a microsphere in a single 
patterning step). The methods employ a three-dimensional 
patch material application process since the entire exterior 
Surface of the microparticle can be accessed in a single patch 
application step. This contrasts the presently disclosed meth 
ods against methods that employ a two-dimensional projec 
tion process (e.g., a lithographic process) for applying mate 
rials to a microparticle Surface. 
0039. In one embodiment, molecules during polymeriza 
tion or condensation are dewetted at the junction between 
adjacent microspheres, and the condensed molecules sepa 
rate from the microsphere surface except at the junction (also 
referred to herein as the “proximal region'). The lamination at 
the proximal region of the condensed molecules to the micro 
sphere is regulated by the Surface properties of the micro 
sphere, whereas the delamination in the bulk are regulated by 
the bulk phase shrinkage of the polymer. The lamination/ 
delamination breaks at the ridge of the proximal region due to 
differential polymer packing between the two phases. This 
creates an egg crate-like architecture around the micro 
spheres which is in contact with the condensed material 
where it is stabilized. The egg crate-like scaffold is intercon 
nected through holes arranged in a specific pattern. This 
structure is also amenable to the application of microfluidics 
inside the scaffold. Post-pattern functionalization of micro 
spheres inside this scaffold is therefore easy and robust. For 
example, this technique can be employed for dual labeling of 
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proteins onto microspheres. The second protein is specifically 
labeled to the patches after etching the condensed polymer 
and is not present on the rest of the microparticle Surface as 
described below in more detail. 
004.0 Illustrative features of certain embodiments of the 
methods are: 

0041 a) The method ensures heterogenecity in compo 
sition, concentration, number, size, distribution and 
order of the patches onto the microspheres. 

0.042 b) The method ensures easy and fast post pattern 
functionalization of the patches. 

0.043 c) The functionalized microspheres can be easily 
retrieved by this procedure. 

0044 d) The procedure offers possibility of doing 
microfluidics during post pattern functionalization. 

0.045 e) The process also ensures easy scale up to com 
mercial scale for the processing of the microspheres. 

0046 f) The ordering of the microsphere demonstrated 
can be done instead of 2D to 3D level in a capillary or 
conical system for easy scale up. 

0047 g) The system works under conventional labora 
tory conditions therefore does not need any Sophisti 
cated equipments for patterning. 

0.048 h) The system could be explored for patterning 
and functionalisation of any kind of solid microspheres. 

0049 i) The patches can be differentially labeled for 
different purposes, which can probe and act according to 
the local environment. 

0050 j) They can also make to organize or made 
dynamic into different dimensions which can mimic 
atomic interactions, potentially leading to new particle 
flow phenomenon. 

Microparticles 

0051. In certain embodiments, the microparticles avail 
able for patterning as described herein may have an average 
particle size of less than 1000 um, and more particularly less 
than 500 um. In certain embodiments, the microparticles have 
an average particle size of 1 to 100 Lum. The microparticles 
may have any shape but in particular embodiments the micro 
particles are microspheres which can have an average diam 
eter of less than 1000 um, more particularly less than 500 um. 
In certain embodiments, the microspheres have an average 
diameter of 1 to 100 um, more particularly 1 to 50 lum, and 
most particularly 1 to 20 Jum. 
0052. In certain embodiments, the microparticles are 
microspheres having a relatively smooth Surface. For 
example, the Surface roughness may be less than equal to 100 
nm and/or the distance between two neighboring projections 
should be no more than/Soth the diameter of the microsphere. 
The exterior surface should also be continuous (i.e., the least 
number of surface pores, <50% of the surface is covered with 
pores). The microsphere interior can be either porous or non 
porous. The microsphere also can be hollow, intact or a filled 
microsphere. The microparticle should have a rigid Surface at 
the time of condensation to act as a Substrate for the conden 
sation processes disclosed herein. 
0053. The microparticles may be synthetic meaning that 
the microparticles are not naturally occurring. The micropar 
ticle can be made of non degradable polymers such as poly 
mers that include styrene, (meth)acrylate, or any polymer 
with a high glass-transition temperature (Tg). For example, 
the microparticle may contain a polymer resulting from the 
polymerization of one or more monomers selected from the 
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group consisting of acrylonitrile, styrene, or acrylates Such as 
methacrylonitrile, divinyl benzene, p-methyl styrene, benzyl 
methacrylate, phenyl methacrylate, ethyl methacrylate, 2-hy 
droxyethyl methacrylate, cyclohexyl methacrylate, acryla 
mide, methacrylamide, hydroxypropyl methacrylate, meth 
oxy styrene. Alternatively, the microparticle contains a 
co-polymer (random or block) selected from the group con 
sisting of styrene-methacrylate, styrene-PMMA, styrene 
PHEMA, benzyl methacrylate-PMMA, styrene-butylacry 
late, and styrene-PEMA. The strength and durability of the 
polymeric microparticle is increased by crosslinking polymer 
chains or the strength is reduced by adding polyethylene 
glycols or using plasticizers chosen from the respective class 
group consisting of alkyl adipates, alkyl phthalates, alkyl 
aZelates, alkylbenzoates, alkyl citrates, soy and linseed oils, 
and mixtures thereof. The microparticles also can made from 
biodegradable polymers with high Tg. Such as block co poly 
mers of poly(ethylene glycol), poly(propylene glycol), with 
poly(e-caprolactone) or polylactides, polycaprolactones Such 
as dioles and trioles with high molecular weight above 
(Mn=30,000 or above), polyanhydrides and esters such as 
lactide and glycolide polymers such as poly-L-lactide, poly 
(dioxanone), poly-DL-(lactide-co-glycolide) and poly(gly 
collide), poly(sebacic acids) or its derivatives, polyphosp 
haZenes such as poly(bis(4-carboxyphenoxy)phosphaZene) 
and polybis(1-(ethoxycarbonyl)-2-phenylethylamino)phos 
phaZene and poly phosphoresters such as poly(lactide-co 
ethylene glycol)-co-ethyloxyphosphate, and poly 1,4-bis 
(hydroxyethyl)terephthalate-alt-ethyloxyphosphate. The 
microparticle also can be made of natural polymers like chi 
tosan, alginate, pullulan etc. or a combination thereof. The 
microparticle also can be an inorganic microparticle contain 
ing a plurality of hydroxyl groups and attaching an initiator 
agent to the hydroxyl groups to form attached initiator agents 
with specific finctional groups. For example, the Substrate is 
silica, alumina, mica and other ceramic composition of cal 
cium, magnesium or Zinc phosphates. Alternatively, the Sub 
strate is a crystal, nanoparticle, liposome aggregate or hollow 
sphere, which has been coated with the above said inorganic 
materals. Further illustrative microparticles are solvent sen 
sitive hydrogel microspheres, provided its surface remains 
rigid for the period of condensation of the mask. Of course, 
the microspheres can be made from any of materials 
described above for the microparticles. 

Patch-Forming Agent and Patch Pattern 

0054 As described above, the patch-forming agent is con 
tacted with the microparticles to form a microparticle/patch 
forming agent assembly. The patch-forming agent as a stan 
dalone material may be mixed with the microparticles. 
Alternatively, the patch-forming agent may be included as a 
component in a liquid composition with at least one liquid 
carrier. The liquid carrier may be any liquid that can carry the 
patch-forming agent into the proximal region. For example, 
the patch-forming agent may form a mixture, Suspension, 
dispersion, emulsion or solution with the liquid carrier. Illus 
trative liquid carriers include polar protic solvents such as 
water, acetic acid, ethanol, methanol, isopropyl alcohol, 
n-propanol, n-butanol, and formic acid; less polar solvents 
like dichloromethane, tetrahydrofuran, ethylacetate, acetone, 
dimethyl formamide, acetonitrile, and dimethyl sulfoxide: 
and non polar solvents such as pentane, cyclopentane, hex 
ane, cyclohexane, benzene, toluene, 1,4-dioxane, chlorofor 
m.and diethyl ether; or combinations thereof. In certain 
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embodiments, more than one patch-forming agent may be 
included in the liquid composition. For example, in the case 
of polymerizable materials a combination of monomers such 
as methacrylates and dimethacrylates; silicone oligomers and 
cross linkers; ionic natural polymers such as alginate, chito 
san and ions such as calcium, polyamines and poly phos 
phates etc., may be used. In the case of nanoparticles as a 
patch-forming agent, the nanoparticles may be introduced as 
a dispersion made of a polymeric component such as the ones 
made from the above-mentioned monomers or a polymer of 
the said monomers, or block co-polymer made from that or 
pendant polymers using the polymers as a back bone, or 
inorganic nanoparticles of silica; alumina; calcium phos 
phate; sodium, potassium, Zinc, magnesium, aluminum phos 
phate, carbonate, chloride, or bicarbonate etc.; or metallic 
nanoparticles made out of iron, gold, silver etc.; or liposomes 
made of phsophatidylcholine, phospatidyl ethanolamine, 
phosphatidylglycerol, cholesterol or in combination with a 
protein Such as albumin, globulin or insulin etc., either alone 
or any combination thereof may be used, resulting in the 
formation of a nanoparticle ranging in average size from 1 to 
1000 nm, preferably less than 500 nm, and particularly of 1 to 
100 nm. The nanoparticle size must be sufficiently small so 
that the nanoparticles can be introduced into the proximal 
regions and undergo condensation. The patch can also be 
formed by using one or a combination of the above-disclosed 
materials which solidifies upon drying, polymerization, 
freezing or while treating with a non Solvent. The liquid 
composition may include at least one additive in addition to 
the patch-forming agent and the liquid carrier. 
0055. The concentration of patch-forming agent in the 
liquid composition may vary provided that the concentration 
is sufficient for Supplying the desired amount of patch-form 
ing agent into the proximal region. For example, the concen 
tration may range from 1 picoM to 1 M, more particularly 1 
nM to 0.1M, most particularly 100 nM to 1 mM. In certain 
embodiments, the patch-forming agent concentration may be 
increased to provide a Supplemental amount of patch-forming 
agent that can occupy at least a portion of the interstitial space 
after condensation. In this embodiment, the Supplemental 
patch-forming agent can form a rectilinear pattern (e.g., lines) 
upon condensation. 
0056. During condensation the excess liquid carrier may 
be removed from the microparticle/patch-forming agent 
assembly. For example, the liquid carrier may evaporate 
under heating and/or a reduced pressure. The liquid carrier 
may also be removed via filtration (which may be aided by 
Suction) or drainage. In other instances, the liquid carrier 
itself may solidify (e.g. polymerize or crosslink with the 
patch-forming agent). 
0057 The composition of the patches is chemically and/or 
physically distinct from the composition of the micropar 
ticles. For example, the patch-forming agent may be a poly 
mer, a polymer precursor, a salt, a carbohydrate, a lipid, or a 
mixture thereof. The polymer may be any polymer that solidi 
fies upon drying Such as polyalkylene glycols (e.g., polyeth 
ylene glycol, polypropylene glycol); a (meth)acrylate poly 
mer made from monomers such as methacrylate, 
dimethacrylate, and/or (meth)acrylic acid; polysilicone poly 
mers made from silicone oligomers and cross linkers; ionic 
natural polymers such as alginate, chitosan with ions such as 
calcium; polyamines; polyphosphates etc.; or a combination 
thereof. The polymer precursor may be any oligomer and/or 
monomer of the above-described polymers that polymerizes 
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and Solidifies under the condensation conditions described 
herein. The carbohydrate may be a water-soluble polysaccha 
ride Such as a glucan (e.g., glycogen, starch, cellulosic poly 
merS Such as carboxymethyl cellulose and hydroxyl propyl 
methyl cellulose, dextran, beta-glucan, maltodextrin), a dis 
accharide (e.g., Sucrose, trehalose), a monosaccharide (e.g., 
glucose) or a polyol (e.g., mannitol). The salt may be an 
inorganic salt such as a metal salt (e.g., calcium, aluminum or 
magnesium phosphate; sodium, calcium or potassium chlo 
ride; sodium, potassium or calcium carbonate) either alone or 
as a Solid dispersion made with other salts, monomers, oligo 
mers and polymers using water as a solvent. The patch-form 
ing agent can be self assembled vesicles like lipid-based 
liposomes, polymer-based polymerosomes or layer-by-layer 
assembled polymeric particles that are very flexible and have 
low density either alone or a combination with one of the 
materials above. IN certain embodiments, nanoparticles 
below the particle size of 500 nm also can serve as the patch 
forming agent since such nanoparticles can be condensed 
between micron-sized particles. 
0058. The condensed patch material stability can be varied 
by forming different solid dispersions or solutions. Depend 
ing on the desired use, the condensed patch material can be 
very stable (solvent insoluble) or weakly stable (solvent 
soluble) upon further treatment. The condensed patch mate 
rial also can itself be further functionalized by binding a 
functionalizing agent to the patch material. The condensed 
patches also can be used to protect the discrete region of the 
microparticle surface underneath the patch while other 
regions of the microparticle Surface are functionalized. Thus, 
the two exterior Surface regions (patch and non-patch 
regions) can be rendered chemically, physically and/or func 
tionally distinct from each other. 
0059. The patches can be used for various functions. For 
instance, the patches can be used as protective masks for 
synthesizing dual function microparticles as described below 
in more detail. The patches can be used as communication 
portals with entities placed adjacent to the microparticles. 
The patches can be used as singular contact points for making 
microparticle-based joints and connectors. In general, the 
methods disclosed hereinafford a higher level of control over 
the information contained in the microparticle packet. The 
methods disclosed herein also provide a flexible approach for 
further functionalizing the patch material either prior or sub 
sequent to patch formation. 
0060. As described above, the patch-forming methods dis 
closed also are very useful for differential labeling of micro 
particles. The condensed patch material and/or non-patch 
regions of the exterior Surface of the microparticles may be 
modified or provided with reactive functional groups such as 
amino, carboxy, thiol or hydroxyl groups. These reactive 
functional groups can then react with complementary reactive 
functional groups present on the labeling agent. The labeling 
agent, for example, may be a polymer, a polypeptide (e.g., a 
protein), an inorganic salt, a metal nanoparticle below 500 nm 
in particle size, or a combination thereof. 
0061 The shape of the individual patches may vary as 
desired. For example, the shape may be annular which can be 
formed in the embodiments in which adjacent microparticles 
physically contact each other. The shape may be a solid circle 
or disc. The shape also could be elongated Such as elliptical, 
oblong, parabolic, rectilinear, or serpentine. An individual 
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microparticle could include patches of varying shapes (e.g., 
circular patches and elongated patches) resulting in hybrid 
shaped patch patterns. 
0062. The dimensions of the individual patches may vary. 
In one embodiment, a patch is less than the size of a hemi 
sphere defined by the exterior surface of a microsphere. In 
other embodiments, the largest longitudinal dimension of a 
patch is not greater than half of the hemisphere of the micro 
particle diameter, more particularly not greater than two 
thirds of the microparticle diameter, and most particularly not 
greater than one-third of the microparticle diameter. In certain 
embodiments, the largest depth dimension of a patch is not 
greater than 500 nm. For instance, the largest depth dimen 
sion of a patch may range from 50 to 100 nm, and more 
particularly from 10 to 50 nm. 
0063. The pattern of the patches arranged on the micro 
particles also may vary. For example, the pattern may be 
anisotropic. The pattern may be ordered such that each dis 
crete patch is evenly spaced from each other. For example, in 
one embodiment there may be a plurality of spheres aligned 
along a single, or multiple, pre-defined axis or planes of the 
microsphere. The patch shape, pattern and amount may be 
controlled by the specific arrangement of the microparticles 
when preparing the microparticle assembly. For instance, the 
shape and pattern can be determined by the lattice or sphere 
packing order of the microparticles during the well-filling 
process for a three-dimensional system (see, e.g., FIGS. 7 and 
9). In a two-dimensional system (e.g., microparticle “lines' 
or "doublets’) substrates other than an adjacent microparticle 
can be employed to form a patch. For instance, a Support 
Substrate (e.g., a slide) can be used to make a third patch when 
a microparticle line has been formed. 
0064. After condensation of the patch-forming agent, the 
patch-forming agent may or may not still be present in at least 
a portion of the interstitial spaces. However, if the patch 
forming agent is present in the interstitial space, it is not 
necessarily bound to the exterior surface of the microparticles 
in the region contiguous with the interstitial space. In the 
embodiments with no patch-forming agent present in the 
interstitial space the resulting construct assumes the form of a 
scaffold wherein the individual microparticles are intercon 
nected to each other via only the bridges formed by the 
patches. In the embodiments with patch-forming agent 
present in at least a portion of the interstitial space the result 
ing construct assumes the form of a scaffold having an "egg 
crate” structure. In other embodiments, the solidified micro 
particle/condensed patch-forming agent construct may be a 
two-dimensional line or doublets of microparticles intercon 
nected to each other via the condensed patches. Individual 
microparticles having the patches formed on their exterior 
surface may be separated from the various solidified micro 
particle/condensed patch-forming agent constructs by apply 
ing mechanical force to the construct. 
0065. Further illustrative embodiments are described 
below in the following numbered paragraphs: 
0.066 1. A method of functionalizing particles, compris 
ing: 
0067 a. arranging particles in a two- or three-dimen 
sional pattern; 

0068 b. contacting the particles with a solvent compris 
ing a polymer to produce a polymer mixture; and 

0069 c. dewetting the polymer mixture to produce 
functionalized particles having patches of the polymer 
on their surface. 
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0070 2. The method of paragraph 1, further comprising 
after dewetting the polymer mixture, separating the func 
tionalized particles from each other and from any residue 
of the polymer present after the dewetting step. 

0071 3. The method of paragraph 1, wherein in the arrang 
ing step, the particles are arranged in an ordered pattern so 
as to produce regular (ordered, patterned, etc.) patches on a 
surface of the functionalized particles. 

0072 4. The method of paragraph 1, in which the polymer 
has different functional groups as the particles. 

0073 5. The method of paragraph 4, further comprising 
reacting a linker or labeling compound with a functional 
group on the functionalized particles. 

0074 6. The method of paragraph 5, in which the linker or 
labeling compound reacts with a functional group of one of 
the polymer and the particle, but not with a functional 
group of the other of the polymer and the particle. 

0075 7. The method of paragraph 6, in which the linker or 
labeling compound reacts with the particle and not the 
polymer. 

0076 8. The method of paragraph 7, further comprising 
removing the polymer from the particle to unmask a por 
tion of the particle that is not reacted with the linker or 
labeling compound. 

0077 9. The method of paragraph 1, further comprising 
treating the functionalized particle with a surface-reactive 
composition to alter the surface of the particle that is not 
masked by the particle, and Subsequently removing the 
polymer to expose untreated portion(s) of the particle. 

0078 10. A particle prepared according to the paragraph 
of claim 1. 

EXAMPLES 

Example 1 

0079 Disclosed herein are new techniques, which enable 
uniform patterning, post pattern functionalization and easy 
recovery. This is achieved by a combination of self assembly, 
scaffolding and microfluidics. Free-standing microspheres 
with round patterns of polymeric islets have been achieved. 
These polymeric islets can be utilized as sites for functional 
ization or a mask to protect the underlying functional groups. 
Soft Supramolecular architectures of polymers, quantum dots 
or biological molecules can be patterned. Carboxylated poly 
styrene particles were selected as the model substrate. Poly 
dimethylsiloxane (PDMS) was selected for the scaffolding 
purposes. All the processes were done under normal labora 
tory conditions, to develop an easy protocol that can be scaled 
up. 
0080. The method of preparation is schematically illus 
trated in FIG. 1. Carboxylated PS microspheres are self 
assembled under lateral capillary force to a cc phase. The 
microsphere Suspension in water was dried on cleaned glass 
cover slips at 40° C. They are self-assembled and further 
stacked one above the other plane to form a "coffee-ring 
pattern. These coffee-rings appear like a “micro-well'. Fur 
ther microspheres are introduced into this wells and dried at 
RT to form a closely packed microarray. A PDMS oligomeric 
Solution was added to the microarray and polymerized. After 
setting the polymeric scaffold it is removed along with the 
microsphere from the glass cover slips and used for further 
post pattern functionalization. 
0081 FIG. 2 shows the coffee-ring pattern of micro 
spheres formed by different solvents. The change in packing 
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of the microspheres is related to the surface tension and 
partial vapor pressure of the solvents. Three solvents were 
selected depending upon their Surface tension and vapor pres 
Sure. The Surface tension decreases in the following order, 
waterlethanol propylene glycol and the vapor pressure as, 
Propylene glycol (PG)>water (W)>ethanol (Eth). Perfect 
coffee rings were formed in the case of water with micro 
spheres as stacks to the edge of the droplet, when it is dried. In 
the case of Eth similar but disturbed coffee rings were formed. 
In the case of PG single layer thick 2D films of microsphere 
were formed. The study was continued with water as a sol 
Vent. 

I0082 Formation of the microsphere arrangement is 
described in more detail in connection with FIGS. 8 and 9. 
The first step of the process (FIGS. 8A & B) involves the 
ordering of microspheres into a colloidal crystal using a 
“well-filling technique (FIG. 9). By creating a “well via 
particle convection towards the edge of an evaporating drop 
(like a "coffee ring) and iteratively filling this well with 
Subsequent drops of particle Suspensions, the particles are 
permitted to pack into highly ordered and regular colloidal 
crystals. Three different solvents were explored based upon 
their volatility to prepare microsphere suspensions and Sub 
sequently produce microwells: (a) Water (W), (b) Propylene 
glycol (PG) and (c) Ethanol (Eth). Uniform wells are formed 
in the case of water as the solvent, leading to tightly self 
assembled and Stacked microspheres at the edges. In the case 
of the relatively fast-evaporating ethanol, the majority of 
particles settled to the bottom of the drop instead of packing 
into the boundary. In the case of polypropylene glycol, a 
single layer of microspheres is formed due to the relatively 
slow rate of evaporation. Thus, water was used as the solvent 
in the following steps. For developing the wells, a dilute 
microsphere suspension (10% w/v) in water is dried on a 
clean glass cover slip by sequential drying at various tem 
perature conditions from 40°C. to 90° C. to control the rate of 
drying (fast enough to produce the colloidal crystal but slow 
enough to avoid surface annealing). Subsequently, these 
wells were iteratively filled with a more concentrated micro 
sphere suspension (30% w/v). After each addition, the micro 
sphere bed was dried at 4-8° C. for slow and controlled 
packing of microspheres (FIG. 8E). Several such wells were 
created on a single cover slip. 
I0083. Overall, this new process has multiple advantages 
over previously reported methods of forming colloidal crys 
tals out of microspheres. Specifically, in these processes it is 
likely that lateral convective forces regulates the self-assem 
bly of microspheres. In prior attempts, it was difficult to 
control the primary factors governing convective forces, 
resulting in line defects, point defects, drying cracks and 
stacking faults. Conversely, the “well-filling strategy is ame 
nable to controlling the rate of evaporation and the timescale 
of colloidal crystallization. Specifically, the rate of evapora 
tion of the solvent was controlled as well as the concentration 
of the Suspension in the iterative well-filling procedure, each 
of which contributes to the lateral capillary force that drives 
packing. The result of adjusting these properties during the 
well filling procedure repeatedly results in compact colloidal 
crystal of high integrity (no visible Surface cracks, defect, 
etc.) (FIG. 9B). This results in 4 or 6 contact points between 
microspheres, depending upon whether or not the particle is 
on an edge or fully Surrounded by neighboring particles, 
respectively (see FIG. 9). Liquid PDMS solution is then 
added to this finished colloidal crystal. 
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I0084 FIG.3 shows the PS microsphere with patches. The 
patches are regular and ordered. The dimension of the patches 
is uniform throughout. The number of patches depends upon 
the microsphere position in the scaffold. Those which are 
between two consecutive planes hold six patches/micropar 
ticle. Two of them due to contact between adjacent micropar 
ticles in single plane and two each from above and below the 
plane. In the case of microparticles on the edge, it varies from 
3 to 5. The most important observation was that the dimension 
and the thickness (<20 nm) of the patch were uniform 
throughout. 
I0085 FIG. 4 shows the mechanism of PDMS patch for 
mation into these microspheres. The patch formation was 
observed only at the proximal region 10, and not in the inter 
stitial space 20. Preheating at 70° C. for 15 min led to close 
packing of the proximal region between the spheres. In this 
case, the PDMS forms a thin ring around the contact points. 
This could be explored for labeling with multiple proteins 
around the patches to get a bull's eye pattern. The size of the 
patches formed between the microparticles was similar to that 
formed on the cover slip. The line tension of the retracting 
polymer to the bulk PDMS was evident from the curved 
joints. The retracted PDMS bulk phase formed as "eggcrate' 
around the microspheres. 
0086 FIG. 10 also shows the microstructure of the PDMS 
scaffold Surrounding the colloidal crystal Importantly, adding 
the PDMS solution to the colloidal crystals did not disturb the 
crystal packing (FIG. 10A) of the microspheres. Uponsolidi 
fication, PDMS appears as dewetted from the particle surface 
except at the proximal region between the microspheres. 
More specifically, at the proximal region of each micro 
sphere, a thin patch of 10-15 nm thick and 150-200 nm 
diameter of PDMS is observed (FIG. 10A). Further, because 
PDMS dewets from the rest of the microsphere surface, a 
highly-connected egg-crate like structure is produced. For 
this reason, protein patterning could be performed inside the 
scaffold by taking advantage of the interstitial space between 
the PDMS and the microspheres. 
0087 Dual protein labeling onto these microspheres was 
also performed. For that the scaffold was first introduced into 
the solution containing amino linked biotin and conjugated, 
while the non-contact area of the microspheres are being 
modified. Then the scaffold is washed for removing any free 
or adsorbed conjugates. Then it is introduced into an etching 
solution under stirring to remove the thin PDMS layer at the 
contact points. The scaffold is further washed thoroughly to 
remove the etching solution. Further the second protein is 
directly immobilized to the contact points by EDC-NHS 
chemistry. The scaffold is further washed thoroughly to 
remove the adsorbed proteins and further introduced to solu 
tion containing avidin. 
0088. In more detail, the scaffold as such is used for further 
functionalization. For that 5 to 10 such scaffolds were 
immersed into water containing 0.1% Tween. Preferential 
Tween adsorption to the microparticles will reduce the non 
specific adsorption of the proteins. The strategy adapted for 
immobilizing the dual protein was to first immobilize the 
open area with PEGylated biotin. For that the carboxylated 
PS microspheres were treated with EDC, 0.1M and NHS 
0.2M in 200 ul MES (5.5) buffer was used. The reaction is 
allowed to continue for 1-2 hrs. The solution is removed after 
the reaction. Washed two times with MES buffer. To this 50 
mM biotin-PEO in 200 ul MES buffer was added. The reac 
tion is allowed to follow for another 1-2 hrs. The solution was 
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removed and the PDMS was washed two times with MES 
buffer. For etching, Tetra Butyl Ammonium Flouride (TBAF) 
in N Methyl Pyrrolidone (NMP). The NMP/Water ratio was 
maintained as (1:6) (This proportion does not swell or dis 
solve the PS). 0.1% tween is added to the water for the easy 
penetration of the etchant to the microdomains and fast 
removal of the oligomers of PS. The etching was continued 
for 1 hr. Further the scaffolds were washed two times with the 
MES buffer. Then immobilize the second protein to the place 
of removed patches. Again the EDC-NHS chemistry was 
followed as mentioned earlier to the patches. Further 0.4 gm 
of albumin rhodamine dissolved in 200 ul MES buffer with 
0.1% tween and 1% BSA from that 20 ul MES buffer to the 
PDMS scaffold in 180 ul MES buffer. The reaction is contin 
ued for 2 hrs in dark. The scaffold was washed as mentioned 
earlier. Then 200 ul MES buffer with 0.1% tween and 1% 
BSA containing 0.2 mM avidin flourescein was added to the 
washed scaffolds. The reaction was allowed to continue for 
another 2 hr in dark. Then the scaffolds were washed two 
times with MES buffer, and stored in MES buffer until 
imaged. 
I0089 FIG. 6 shows the recovery of the microspheres from 
the scaffold. The retracted PDMS forms a loose network like 
egg crate around the microspheres. This led to the easy 
removal of the microspheres from the PDMS scaffold. 
0090 The mechanism of patch formation appears to occur 
through simultaneous dewetting and capillary phenomena. 
Initially, the PDMS solution is wicked into the colloidal crys 
tal in a rapid and uniform fashion as expected. Upon solidi 
fication, PDMS dewets due to polymer incompatibility. How 
ever, in the proximal region between microspheres, PDMS 
appears to further wick into this space where it cross-links. 
Furthermore, it was observed that this process is more effi 
cient when particles are slightly preheated prior to casting of 
the PDMS, suggesting that heat diffusion plays a role in 
PDMS solidification and bridge formation in the proximal 
region. The result of bridge formation in the proximal region 
with interstitial space dewetting is an "egg crate like struc 
ture that forms around the colloidal crystal (FIG. 10A). As a 
whole, this structure is quite conducive to differential labeling 
strategies. Bioconjugate linkages (i.e. protecting groups) 
were implemented for the outer area and Subsequent direct 
covalent linkages were used for regions protected by patches. 
The patch etching process does not affect the particle or the 
immobilized bioconjugate linker (biotin), since the etching 
agent (TBAF) specifically reacts with the silane linkages in 
PDMS. Finally, the brittleness of the resulting PDMS scaffold 
enabled easy separation of the dual protein patterned micro 
spheres with numbers of patches that correspond with the 
packing of the colloidal crystal. 
0091. In summary, a new method to achieve ordered and 
regular patterns on a microsphere surface, generating aniso 
tropic “patchy' particles, was demonstrated. This method is 
particularly attractive for patterning soft molecules onto rela 
tively “hard' microspheres. 

Example 2 

0092 Lipid membranes were patterned on PS micro 
spheres by exploring the membrane rigidity, lateral capillary 
force and Surface rigidity of microspheres. In the case of most 
pliable liposomes made of (phospahtidylethanolamine (PC)/ 
Cholesterol (Chol) (1 or 1/0.1 or 0.2) w/w, they form fused 
lipid membranes only on one of the hemispheres when the 
liposome concentration is 0.15% w/v in DIW (FIG. 11A). As 
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the cholesterol concentration was increased to 0.3 to 0.5% 
W/w the liposomes form very rigid finger like protrusions, 
where the liposomes could not penetrate and fuse to form thin 
films at the proximal regions (FIG. 11B), as the liposome 
concentration reduces the distribution offingered projection 
also reduces. In the case of neosomes of (tween 80/Chol 1/0.1 
W/w) again condensation only occurs in the proximal region. 

Example 3 

0093. To explore the interfacial condensation induced pat 
tern formation for developing specific number of patches on 
microspheres the procedure shown in FIG. 12 was adopted. 
Where a predetermined packing and arrangement of the 
microsphere was developed by varying the microsphere con 
centration and guided self-assembly of the microspheres. For 
that a porous substrate was used to control the flow of the 
Solution. A plotter with a Swiper was explored for the laying 
of the microspheres with the solution spread swiftly on the 
surface. The self assembly of the microspheres was induced 
by a shape memory fiber which is added along with the 
solution. When a drop of the microsphere in mask solution 
with the fibers are dropped on the porous substrate and swiped 
the microspheres get arranged in the direction the fiber is 
arranged and the remaining mask Solution is flown out 
through the filter membrane. In the case of a hydrophobic 
porous membrane the patches are formed only between the 
microspheres which are coming in contact with one another. 
In the case of a hydrophilic porous membrane patches are 
formed on microsphere surface which comes in contact with 
the Surface also. 

Example 4 

0094 FIG. 13 shows the bipolar patches formed on a 
microsphere developed as per the strategy explained as in 
FIG. 12. A mask of sodium chloride was used in this process. 
For that succinimide-derivatized microspheres are dispersed 
in a solution of sodium chloride and polyethylene glycol 
Solution (1:1 W/w) concentration and was layered on a hydro 
phobic porous membrane in lines. In the resulting micro 
spheres the patches are formed only at the proximal regions 
between the microspheres (FIG. 13B). The resulting micro 
spheres were dual protein labeled by simple sequential wash 
ing of the mask after labeling the first protein followed by 
labeling with the second protein. 

Example 5 

0095. In an alternative strategy a polyethylene glycol 
(PEG) gel was condensed between the microspheres, to label 
only the proximal region of the microspheres. For that the 
microspheres are sedimented from a suspension of PEG. The 
Supernatant was removed, the sediment was then redispersed 
in a Supersaturated Sodium chloride solution, by gently pipet 
ting out the clusters multiple times. This lead to breaking of 
the clusters to doublets which is the least stable aggregate 
formed out of the big clusters. At this time the outer PEG layer 
precipitate out and form a thin film around the microspheres. 
The gel between the proximal region, which is far away from 
the boundary layer still remain in the gel state. Redispersing 
the microspheres in freshwater and breaking the doublets and 
labeling them lead to formation of the protein patch only at 
the proximal region while the remaining area is adsorbed with 
the PEG layer. 
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0096. In view of the many possible embodiments to which 
the principles of the disclosed methods and compositions 
may be applied, it should be recognized that the illustrated 
embodiments are only preferred examples of the invention 
and should not be taken as limiting the scope of the invention. 

1. A method for making microparticles having an exterior 
Surface, comprising: 

preparing a self-assembled arrangement of microparticles; 
contacting the self-assembled microparticles with a patch 

forming agent resulting in a microparticle/patch-form 
ing agent assembly having proximal regions between 
adjacent microparticles and/or proximal regions 
between a microparticle and another substrate, wherein 
the patch-forming agent is present in the proximal 
region; and 

condensing the patch-forming agent such that a pattern of 
a plurality of discrete patches of patch-forming agent are 
formed on the exterior surfaces of the microparticles at 
the proximal regions. 

2. The method of claim 1, wherein the condensing of the 
patch-forming agent comprises solidifying the microparticle/ 
patch-forming agent assembly. 

3. The method of claim 1, wherein the patch-forming agent 
is a polymer precursor and the condensing of the patch 
forming agent comprises polymerizing the polymer precur 
SO. 

4. The method of claim3, wherein the polymer precursor is 
selected from a monomer, oligomer, crosslinkable polymer, 
or a mixture thereof. 

5. The method of claim 1, wherein the patch-forming agent 
is in the form of a fluid and condensing of the patch-forming 
agent comprises drying the patch-forming agent fluid. 

6. The method of claim 1, wherein the patch-forming agent 
is selected from a polymer, a polymer precursor, a salt, a 
carbohydrate, a lipid, or a mixture thereof. 

7. The method of claim 1, wherein the contacting of the 
self-assembled microparticles with a patch-forming agent 
comprises forming a mixture of the microparticles and the 
patch-forming agent. 

8. The method of claim 1, wherein the patch-forming agent 
is included in a liquid composition that also includes a liquid 
carrier, and contacting of the self-assembled microparticles 
with a patch-forming agent comprises forming a liquid Sus 
pension of the microparticles in the liquid patch-forming 
agent carrier. 

9. The method of claim 1, wherein the contacting of the 
self-assembled microparticles with a patch-forming agent 
fluid does not disturb the arrangement of the microparticles. 

10. The method of claim 1, wherein the preparing of the 
self-assembled arrangement of microparticles comprises ini 
tially forming a well-shaped structure of microparticles dis 
posed on a Substrate and Subsequently introducing additional 
microparticles into the well-shaped structure to form a col 
loidal crystal structure. 

11. The method of claim 1, wherein the method further 
comprises differentially labeling the patch areas and the non 
patch areas on the exterior Surfaces of the microparticles. 

12. The method of claim 11, wherein the differential label 
ing comprises binding a first material to the exterior Surfaces 
of the microparticles after formation of the patches and sub 
sequently removing the patches to expose unlabeled areas on 
the exterior surfaces of the microparticles. 
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13. The method of claim 12, further comprising binding a 
second material to the expose unlabeled areas on the exterior 
Surfaces of the microparticles. 

14. The method of claim 11, wherein the differential label 
ing comprises binding a first material to the patches and 
binding a second material to non-patch areas. 

15. The method of claim 12 wherein the first material 
and/or the second material comprises a polypeptide. 

16. The method of claim 15, wherein the polypeptide is a 
protein. 

17. The method of claim 1, wherein the condensation forms 
a scaffold that includes the self-assembled arrangement of 
microparticles and the patches disposed only at the proximal 
regions between adjacent microparticles and there is no 
patch-forming agent disposed in interstitial spaces between 
the microparticles. 

18. The method of claim 17, wherein the method further 
comprises separating the microparticles from the scaffold. 

19. The method of claim 2, wherein the method further 
comprises separating the microparticles from the Solidified 
microparticle/patch-forming agent assembly. 

20. The method of claim 17, wherein the method further 
comprises differentially labeling the patch areas and the non 
patch areas on the exterior Surfaces of the microparticles by 
introducing a labeling material into the scaffold. 

21. The method of claim 1, wherein the arrangement of the 
microparticles determines the resulting pattern of patches. 

22. The method of claim 1, wherein the microparticles are 
microspheres. 

23. The method of claim 1, wherein the microparticle/ 
patch-forming assembly has proximal regions between adja 
cent microparticles. 

24. The method of claim 1, wherein the another substrate 
defines a Surface upon which the microparticles are arranged. 

25. The method of claim 1, wherein the contacting of the 
self-assembled microparticles with a patch-forming agent 
fluid comprises introducing the patch-forming agent into the 
proximal region via capillary action. 

26. The method of claim 1, wherein the patches are formed 
only at the proximal regions. 

27. A method of functionalizing particles, comprising: 
a. arranging particles in a two- or three-dimensional pat 

tern; 
b. contacting the particles with a solvent comprising a 

polymer to produce a polymer mixture; and 
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c. dewetting the polymer mixture to produce functional 
ized particles having patches of the polymer on their 
Surface. 

28. A microparticle prepared by the method of claim 1. 
29. A synthetic microsphere having an exterior spherical 

Surface, wherein the exterior spherical Surface comprises a 
first material and a plurality of discrete, uniformly-dimen 
Sioned, patches of a second bioactive material arranged in an 
orderly array over more than one hemisphere of the micro 
sphere. 

30. The microsphere of claim 29, wherein the second bio 
active material comprises a polypeptide. 

31. The microsphere of claim 30, wherein the polypeptide 
comprises a protein. 

32. A composition comprising a mixture of microspheres 
having an exterior spherical Surface, wherein the exterior 
spherical Surface comprises a first material and a plurality of 
discrete, uniformly-dimensioned, patches of a second bioac 
tive material arranged in an orderly array over more than one 
hemisphere of the microspheres. 

33. The composition of claim 32, wherein the second bio 
active material comprises a polypeptide. 

34. The composition of claim 33, wherein the polypeptide 
comprises a protein. 

35. A composition comprising a scaffold that includes a 
self-assembled arrangement of microparticles and a patch 
forming agent that is disposed only at proximal regions 
between adjacent microparticles and is not disposed in inter 
Stitial spaces between the microparticles. 

36. The composition of claim 35, wherein the patch-form 
ing agent is selected from a polymer, a polymer precursor, a 
salt, a carbohydrate, a lipid, or a mixture thereof. 

37. The composition of claim 35, wherein the patch-form 
ing agent forms an interconnecting bridge between adjacent 
microparticles. 

38. A composition comprising a scaffold that includes a 
self-assembled arrangement of microparticles and a patch 
forming agent that is disposed at proximal regions between 
adjacent microparticles and in interstitial spaces between the 
microparticles, wherein the patch-forming agent is only 
bound to Surface regions of the microparticles that are con 
tiguous to proximal regions and the patch-forming agent is 
not bound to Surface regions of the microparticles that are 
contiguous to the interstitial spaces. 
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