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NANOSTRUCTURED SURFACES FOR BIOMEDICAL/BIOMATERIAL
APPLICATIONS AND PROCESSES THEREOF

TECHNICAL FIELD OF THE INVENTION

[0001] Generally, the present invention relates to biomedical/biomaterials with
nanostructured surfaces and processes for producing or replicating the
nanostructured surfaces. The nanostructured surfaces can be naturally occurring
or synthetic structures and can impart increased utility for biomedical uses to the
underlying article or substrate.

BACKGROUND OF THE INVENTION

[0002] The field of biomaterials has been an area of intensive research for
decades. Biocompatibility of synthetic materials with biological tissue has been a
major goal of developing synthetic materials to solve medical problems and
facilitate the repair mechanisms of living organisms (specifically animal/human).
Otten synthetic materials are rejected by the in-vivo application of such materials.
The complex aspects of compatibility of synthetic and biological systems are not
well-recognized and the search for biocompatible systems has often centered on
the chemical structure of synthetic materials. In the area of blood compatibility,
for example, heparin-like surfaces have been intensively studied with s ynthetic
polyelectrolyte complexes being an area of promising results but not effective
enough for practical utility. Other studies have concluded that reduced surface
free energy is desired and indeed surfaces such as silicone rubber and P TFE
(e.g., Teflon® fluoropolymers), show improved blood compatibility over higher
surface energy polymers but far from acceptable results. One approach has
been to provide scaffolds for celi growth for coating synthetic polymers to provide
compatibility (e.g. blood compatibility). One of the earliest references to this
approach involved the utilization of a non-woven polypropylene microfiber web
attached to a synthetic substrate (e.g. thermoplastic polyurethane) with Parylene
C deposited by vacuum deposition/polymerization (Byck, J. S., Chow, S.,
Gonsior, L. J., Miller, W. A., Mulvaney, W. P., Robeson, L. M. and Spivack, M. A.,
in Polymeric Materials for Circulatory Assist Devices; Artificial Heart Program
Conference Proceedings, Hegyeli, R. J. (Ed) (1969) U. S. Printing Office,
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Washington, DC, p. 123). The microfiber web allowed for the endothelial cell
adhesion and growth providing the blood compatibility to artificial heart surfaces.
Although some success was achieved, this approach was not deemed practical
due to severe material requirements and time/effort involved with cell growth.
Other biomaterials such as wound coverings, stents, bone reconstruction, hip
replacement, heart valves also require biocompatibility. Each system may
require unique approaches towards achieving the desired biocompatibility. While
the emphasis in biomaterials research has been placed on the chemical structure
of the synthetic materials, the recognition that the surface morphology may play a
key role is a recent development. A number of approaches have been proposed
and experimental research has been reported showing promising trends/results
relative to nano-structured surfaces. These approaches include phase separated
blends and carbon nanotube surfaces.

[0003] A biomimetic/nanotechnology analysis has well-demonstrated the unique
properties observed in nature for specific nanostructured surfaces. Synthetic
approaches offering analogous surfaces have also demonstrated the unique
surfaces. The synthetic approaches reported, however, are not viable/economic
methods for achieving such systems for large scale utility. Methods/processes
are needed to transform the biomimetic/nanotechnology observations into
practical approaches for achieving obtaining biomedical materials. There is a
need in this art for a method capable of replicating these features or surfaces at
nano-scale dimensions that is scaleable to provide relatively large areas with
these features. There is also a need in this art for a process that produces
continuous nano-structured surfaces using a wide range of polymers. The instant
invention discloses a methodology that can translate the
biomimetic/nanotechnology concepts into viable/economic approaches to utilize
the unique characteristics inspired by nature.

SUMMARY OF THE INVENTION

[0004] According to some embodiments of the present invention, a medical
device includes a medical article having a textured surface with a predetermined
nanostructure and where the nanostructure is less than about 500 nanometers in
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a broadest dimension. The predetermined nanostructure of the medical article is
positioned on a biological tissue engaging surface of the medical article. The
predetermined nanostructure comprises a plurality of repetitive nanostructures.
The medical article includes a tissue penetrating device and the predetermined
nanostructure is positioned on a skin engaging surface of the tissue penetrating
device. . The medical article includes a needle and the predetermined
nanostructure is positioned on a skin engaging surface of the needle. The
predetermined nanostructure is less than about 250 nanometers in a largest
dimension. The predetermined nanostructure is less than about 100 nanometers
in a largest dimension. The predetermined nanostructure is less than about 75
nanometers in a largest dimension. The predetermined nanostructure is less
than about 50 nanometers in a largest dimension.

[0005] In other embodiments, a medical device includes a medical article having
a biological tissue contacting portion, a polymer coating on a portion of the
biological tissue contacting p ortion of the medical article, and a predetermined
nanostructure on a portion of the polymer coating that communicates with the
biological tissue wherein the predetermined nanostructure is less than 500
nanometers in a largest dimension.

[0006] According to other embodiments, a medical implant includes an artificial
biological component, wherein the artificial biological component includes a
textured tissue engaging surface, and wherein the textured tissue engaging
surface includes a predetermined nanostructure having a maximum cross-
sectional dimension less than about 500 nanometers in diameter.

[0007] According to yet another embodiment of the present invention, a method
of medical treatment includes texturing a patient engaging portion of a medical
article with a nanostructure, wherein the nanostructure includes three
dimensional structures having a size less than about 500 nanometers in a
broadest dimension and penetrating tissue with the textured medical article.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a schematic of a replicated nanostructure according to an
embodiment of the present invention:
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[0009] FIG. 2 is a schematic of a replicated nanostructured surface of a natural
article according to an embodiment of the present invention;

[0010] FIGS. 3A-3C show a replicated subclavian artery according to
embodiments of the present invention;

[0011] FIG. 4 shows sections of coronary arteries with PFPE plugs according to
embodiments of the present invention;

[0012] FIGS. 5A and 5B show replication of bovine heart muscle where FIG. 5A
shows a segment of natural bovine heart chamber wall and FIG. 5B shows a
PFPE replicate of the natural nanostructure of the segment of natural bovine
heart chamber wall tissue; '

[0013] FIG. 6 shows replication of vessels within a porcine liver;

[0014] FIG. 7 shows AFM and TEMT images of molded and replicated
adenovirus particles according to an embodiment of the present invention;

[0015] FIG. 8 shows an AFM images depicting PS-b-Pl micelle replication
according to an embodiment of the present invention; and

[0016] FIG. 9 shows replication of carbon nanotubes according to an embodiment

of the present invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

. NON-EXHAUSTIVE DEFINITIONS

[0017] The following definitions are used in describing certain aspects of the

instant invention:

[0018] Master template: The master template is the original surface desired to
be replicated or reproduced. This surface can be a naturally occurring plant or
animal surface or mineral or a synthetically produced nanostructured surface.

[0019] Templating polymer: The templating polymer is the polymer produced
from a liquid monomer, oligomer or prepolymer precursor polymerized on the
master template surface and released. This “negative” is employed for producing
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the desired product with a surface morphology substantially equal to the master
template.

[0020] Templated polymer: The templated polymer is the polymer produced
from a liquid monomer, oligomer or prepolymer precursor by p olymerization on
the templating polymer surface. The templated polymer becomes the positive
replication of the master template.

[0021] As used herein, the term “nanostructure” can mean an array, a matrix,
specific shape or form, a template of an article of interest, a two-dimensional
shape, a three-dimensional shape, or the like. In some embodiments, a
nanostructure can be a single nanostructure, multiple nanostructures, ordered
nanostructures, uniform nanostructures, repetitious nanostructures, alternating
nanostructures, regular nanostructures, irregular nanostructures, or random
arrays or templates of nanostructures. The nanostructures of the present
invention can also include micro- and/or nano-sized cavities or micro- or nano-
sized projections.

[0022] As used herein, the term “partial cure” refers to a condition where only a
portion of a polymerizable group of a material is reacted. In certain
embodiments, the term ‘partially-cured material” refers to a material that has
undergone a partial cure process or treatment.

[0023] As used herein, the term “full cure” refers to a condition wherein a
majority of a the polymerizable group of a material is reacted. In certain
embodiments, the term “fully-cured material” refers to a material which has

undergone a full cure process or treatment.

[0024] As used herein, the term ‘photocured” refers to a reaction of
polymerizable groups whereby the reaction can be triggered by actinic radiation,
such as UV light. In this application UV-cured can be a synonym for photocured.

[0025] As used herein, the term “thermal cure” or “thermally cured” refers to a
reaction of polymerizable groups, whereby the reaction can be triggered or
accelerated by heating the material beyond a threshold temperature.
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il. INTRODUCTION

[0026] The instant invention relates broadly to nanostructured surfaces for
biomedical/biomaterials applications and processes for producing such
nanostructured surfaces. According to an embodiment, medical probe type
devices are coated with materials and materials having nanostructured surfaces
for reducing friction, adhesion, absorption, adsorption, contamination, and the
like. Examples of such medical probe type devices includes, but are not limited
to, catheters, surgical probes, stent insertion probes, surgical needles, and the
like. According to another embodiment, the present invention includes templating
a natural surface, such as a surface of a human system (e.g., heart valves,
interior of blood vessels, skin, lung tissue, liver tissue, Kidney tissue, nerves, and
the like) to replicate a natural surface nanostructure.

. DESCRIPTION

[0027] According to some embodiments as shown in FIG. 1, nanostructured
surfaces of medical articles are fabricated by providing a templating polymer
mold having a nanostructured surface “negative” spaced adjacent to or
surrounding the medical article. Monomers, oligomers or prepolymers are then
placed between the medical article and the templating polymer mold and
polymerized. The resultant article thereby acquires the nanostructured surface of
the templating polymer mold and has the desired predetermined nanostructured
surface. In some embodiments, to prepare the templating poiymer mold, a
master article or master template 102, (FIG. 1) such as a synthetic surface (e.g.,
medical device, needle, catheter, probe, stent, and the like) is prepared with the
desired nanostructured surface 104. The nanostructured surface can be
prepared on the synthetic surface by lithographic techniques, by etching,
chemical vapor deposition, selective extraction of phase separated polymer
blends, selective removal of block copolymer structures (e.g., selective
degradation of one constituent), anodized alumina, carbon nanotube arrays,
among other processes. The liquid monomer, oligomer or prepolymer of the
templating polymer 106 is then contacted with the master template 102 and
polymerized. The resuitant polymer can then be employed as the mold 108 for

6
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duplicating the nanostructured surface 104, as described supra, to form
templated replica 110.

[0028] According to another embodiment as shown in Fig. 2, master template
includes a natural article 202 (e.g., biological tissue, artery, vein, muscle tissue,
lung tissue, other human or animal tissues, bacteria, yeast, or the like). The
natural article includes a surface with surface structures 204. The templating
monomer, oligomer, or prepolymer liquid precursor 206 is contacted with the
natural article 202 and polymerized to yield a "negative" pattern 208 of the natural
article. This pattern 208 is then used as a template to reproduce the surface
structure 204. For example, the interior of blood vessels can be reproduced and
used to coat stents. As the surface nanostructure is believed to be an important
aspect of compatibility of synthetic materials with specific biological systems,
replication of the biological surface on the nanoscale is an important aspect for
achieving enhanced biocompatibility.

[0029] The nanostructure of the instant invention is related to reproducing or
replicating a single or individual nano-structure (i.e., master template having
biomedical utility) a plurality of times and across a relatively large surface (e.g.,
repeatedly replicating a nano-structured surface across a substrate thereby
producing an article, a film, or coating having the nano-structure extending across
a predetermined surface area). The instant invention also relates to reproducing
or replicating the nano-structure as a continuous surface without repeatedly
contacting the substrate with the master template (e.g., forming a mold,
continuous belt or other tool including a templated polymer and using the
templated polymer to form the nanostructure surface upon the substrate). In
some embodiments nanostructured surface of the present invention can be
fabricated according to methods, materials, and devices disclosed in U.S. patent
applications 11/633,763 filed December 4, 2006, PCT International patent
applications PCT/US06/23722 filed June 19, 2006; PCT/US06/31067 filed August
9, 2006; and PCT/US06/43756 filed November 9, 2006; and U.S. Provisional
Patent application 60/734,880 filed November 9, 2005, each of which is
incorporated herein by reference in its entirety. The nanostructured surface can

impart improved biomedical utility to at least a portion of the substrate.
i 7
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[0030] According to some embodiments of the present invention, the
nanostructure to be replicated and that is replicated has an overall largest
dimension of less than about 1000 nanometers. The overall largest dimension
can be a cross-sectional dimension, a height protruding from a surface, a cavity
depth, or the like. In alternative embodiments, the largest dimension of the
nanostructure is less than about 750 nanometers. In alternative embodiments,
the largest dimension of the nanostriicture is less than about 500 nanometers. In
alternative embodiments, the largest dimension of the nanostructure is less than
about 400 nanometers. in alternative embodiments, the largest dimension of the
nanostructure is less than about 300 nanometers. In alternative embodiments,
the largest dimension of the nanostructure is less than about 250 nanometers. In
alternative embodiments, the largest dimension of the nanostructure is less than
about 200 nanometers. In alternative embodiments, the largest dimension of the
nanostructure is less than about 150 nanometers. In alternative embodiments,
the largest dimension of the nanostructure is less than about 100 nanometers. In
alternative embodiments, the largest dimension of the nanostructure is less than
about 90 nanometers. In alternative embodiments, the largest dimension of the
nanostructure is less than about 80 nanometers. In aiternative embodiments, the
largest dimension of the nanostructure is less than about 70 nanometers. In
alternative embodiments, the largest dimension of the nanostructure is less than
about 60 nanometers. In alternative embodiments, the largest dimension of the
nanostructure is less than about 50 nanometers. In alternative embodiments, the
largest dimension of the nanostructure is less than about 40 nanometers. In
alternative embodiments, the largest dimension of the nanostructure is less than
about 30 nanometers. In alternative embodiments, the largest dimension of the
nanostructure is less than about 20 nanometers. In alternative embodiments, the
largest dimension of the nanostructure is less than about 10 nanometers. In
alternative embodiments, the largest dimension of the nanostructure is less than
about 5 nanometers.

[0031] In one aspect of the present invention, imprint lithography, initially

developed for electronic applications, can be employed for producing the

templated polymer that corresponds to the nano-structured surfaces. To
8
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produce, the nanostructured surfaces of this invention, low modulus, low surface
energy and organic s olvent/monomer resistant imprinting (templating) materials
can be employed for producing continuous films of various materials. The
templating material is polymerized from a liquid monomer or oligomer on a
surface to be replicated (master template) by exposing the liquid to conditions
whereby polymerization occurs. The master template can be a biological system
(e.g. gecko foot), or a synthetic nanostructured surfaces. Examples of suitable
synthetic surfaces include carbon nanotube "forests”, lithographic methods
designed to yield the desired structure (e.g. pillar arrays), crystal growth yielding
needle like protrusions from the surface, selective extraction of phase separated
polymer blends, sol-gel processes such as described in reference (J. T. Han et
al., J. Am. Chem. Soc., 126, 4796(2004)), and anodized aluminum oxide surfaces
as described in reference (Q. Fu et al, J. Am. Chem. Soc., 126, 8904(2004)),
each of which is incorporated herein by reference in its entirety.

[0032] In another aspect. of the present invention, the liquid templating system
can be applied onto a nanostructured surface and polymerized while in contact
with the nanostructured surface. Next, the polymerized material is released from
the master template. Another polymer can then be polymerized on this polymer
template to reproduce the structure of the master template such that the master
template is reproduced numerous times. A schematic diagram of this process is
illustrated FIG. 1. This can be repeated many times to develop an array of
master templates and in turn an array of the templated surfaces, thereby
assembling the replicated areas into a large area with surface morphology similar
or substantially i dentical to the initial master template. This large areacanbe
coated with the liquid prepolymer or liquid monomer to provide a high s urface
area for reproducing the nanostructured surface in a continuous process yielding
a coating or film with one surface replicating the master template. The
polymerized liquid prepolymer or liquid monomer can be employed as a belt to
provide for a roll-to-roll or high throughput process. This nanostructured polymer
belt can have monomer or liquid prepolymer added at one end of the belt
followed by polymerization and then removed at the other end as a continuous
nanostructured surface with surface morphology equivalent to the original master
9
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template. The thickness of the resultant film can be controlled by doctor blade,
rollers, a predetermined applied pressure, by monitoring the addition amount of
liquid prepolymer, combinations thereof, or the like. The liquid monomer or
prepolymer can be polymerized by UV or peroxide initiated free radical
polymerization, rapid condensation p olymerization, ring o pening polymerization,
thermal curing, combinations thereof, other curing systems, and the like. If
desired, sol-gel chemistry can also be employed to yield inorganic surfaces. The
inorganic surfaces would generally need a substrate layer applied to the
inorganic surface to allow for adequate toughness for flexible film utility. Modest
pressure (from rollers or solid surfaces) may be desired to assure that the
monomer or liquid prepolymer fills the nanostructured features of the template.
Vacuum may also be required such that trapped air (or inert atmosphere) does
not prevent flow of the prepolymer into the crevices of the template.

[0033] According to some embodiments, the prepolymer materials can be
applied directly to living tissue to be replicated. According to such embodiments,
the curing process is selected as a process that does not permanently damage
the living tissue.

[0034] The nanostructured surfaces of the present invention can be employed in
a wide array of biomedical/biomaterijal applications. The nanostructured surfaces
can be applied to various medical articles i ncluding, without limitation, s urgical
needles, surgical probes, catheters, drains, tubes, cannulas, and the like to
reduce friction and resultant pain and tissue damage during their application. In
some embodiments, the nanostructured surfaces are employed in blood contact
applications to reduce and/or prevent blood coagulation in the presence of a
foreign object. In other embodiments, the nanostructured surfaces are employed
on the interior of arteries and veins, heart valves, artificial heart surfaces, stent
surfaces, intra-aortic balloons, vascular graphs, blood transfusion systems,
surgical bypass systems, combinations thereof, and the like. iIn some
embodiments, the nanostructured surfaces are applicable to wound coverings,
and artificial skin (e.g., bioabsorable materials).

10
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[0035] According to some embodiments, the nanostructured surfaces of this
invention can be applied to various medical implants including metallic, ceramic,
and polymeric based systems including composite structures. The
nanostructured surface features can be designed to increase biocompatibility
using synthetically derived master templates or naturally/biologically occurring
templates such as specific surfaces of the human anatomy (e.g., organs, tissues,
cell surface structures, other naturally occurring surfaces, and the like). Medical
implants utilizing nanostructured s urfaces of the present i nvention can include,
without limitation, heart valves, joint prosthesis components, hip and knee
replacements, bone replacement, pacemaker coatings, cardiovertor/defibrillator
device coatings, stents, vascular grafts, cochlear prosthesis, in-vivo diagnostic
equipment, ocular devices, combinations thereof, and the like.

[0036] In another aspect of the invention, nano-structured surfaces vyield
improved properties for biomedical equipment by reducing friction. Surgical
needles, stent insertion devices, catheters, and various medical related
instruments involved with probing human tissue can benefit from reduced friction.
In some embodiments, the probes can be coated with nano-structured surfaces
fabricated from a low surface energy p olymeric m aterial, such as a fluorinated
polymer including but not limited to fluoropolyether, p erfluoropolyether, and the
like, to yield reduced friction between the medical device and body tissue.

[0037] In some embodiments, the nanostructured surfaces of the present
invention can be employed for articles employed in surgery including, without
limitation, surgical drapes, coverings, wipes, and the like by using surfaces that
are superhydrophaobic, self-cleaning and/or resistant to bacterial attachment and
biological staining. These coatings can also be used in bandaids/bandages to
protect open wounds by having a superhydrophobic/non-stick surface which
resists attachment/growth of unwanted biological species and allow for removal
once the wound area begins healing or is healed.

[0038] In one aspect of the present invention, biological tissue can be templated
to provide a scaffold that promotes tissue growth. In some embodiments, the
biological tissue that is templated includes heart tissue, nerve tissue, vascular

11
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tissue, lung tissue, kidney tissue, liver tissue, stomach tissue, intestine tissue,
ocular tissue, and the like. For example, in embodiments in which nerve tissue is
templated to provide a scaffold that promotes nerve tissue growth, the nerve
fibers/fibrils can be templated using actual nerves or analogous structures
designed to promote desired growth. In other aspects of the present invention,
the nanostructures of the present invention can be employed to provide scaffolds
for organ functions (e.g. liver, kidney, intestines, heart, vascular, stomach, lung,
and the like naturally occurring surfaces). These scaffolds can be templated from
the organ surface or analogous synthetic structures. In alternative 'embodiments,
cells can be embedded in the scaffold to promote cell growth and/or organ
replication. In alternative embodiments, the cells used in the scaffolds and
templating of the present invention can be patient indigenous cells, cells from a
tissue culture, donor cells, patient indigenous stem cells, donor stem cells,

combinations thereof, and the like.

[0039] The nanostructured films and coatings made by the inventive process
can be useful for a myriad of applications. In some embodiments, the invention
disclosure relates to a process by which continuous films or substrates can be
produced which have nanostructured surfaces to yield improved biomedical
properties to at least a portion of a broad range of films or substrates.

[0040] Some applications may not be capable of utilizing these films as the
surface contours may not accommodate film coatings. A contoured substrate
can have the desired nanostructured surface applied by a mold process involving
a similar protocol. A master template offering the nanostructured surface can be
covered with the templating polymer to produce the desired negative, such as the
process shown in FIG. 2. A contoured surface can then be coated (adhered) with
the templating polymer either directly or by transfer to the surface. This contoured
surface would be designed to match the article contour such that both surfaces
are in close proximity. A monomer, oligomer or prepolymer liquid can be placed
between the two surfaces. After p olymerization, the contoured surface coated
with the templating polymer negative is removed from the article with the
templated polymer polymerized between the surfaces staying on the article

contour. The resultant article will thus have a nanostructured surface equal to the
12
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master template. As a subset of this aspect a flexible stamp including the
templating polymer with a "negative" nanostructed surface of the master template
can be conformally applied to a contoured surface with a layer of monomer,
oligomer or prepolymer between the stamp and the contoured surface. Upon
polymerization and release of the stamp, the contoured surface will have a
nanostructured surface equal to the master template.

[0041] The nanostructured coatings and films can be applied to flat, curved,
irregular, uniform, non-uniform, and the like surfaces and adhered with
appropriate adhesives. In some applications, the interior of conduits can be
coated by folding the nanostructured coatings into a tubular shape and adhering

to the conduit interior surface.

[0042] In aiternative embodiments, the replicated nanostructured surfaces can
be fabricated into a medical article. In some embodiments, the medical article
can include a thin layer of a first polymer material, such as for example,
perfluoropolyether that includes the replicated nanostructure surface. If desired,
and depending on the application, the thin polymer layer that includes the
nanostructured surface can be adhered or associated with a second polymer,
such as for example P DMS, which can act as the bulk material of the medical
article.

[0043] The templating polymer employed as a continuous surface for roll-to-roll
processing or as a stamp or mold system can be anchored unto a more rigid
surface (substrate) using adhesives designed to maximize the interfacial
adhesion between the templating polymer and the substrate. The substrate can
be a metal (e.g. steel (or steel alloy), copper, aluminum) or a polymeric substrate
such as poly(ethylene terephthalate) film. This would allow for more dimensional
stability during the process of forming the templated polymer film or coating and
can also be employed to prevent stamp collapse as noted by Huang et al.
(Langmuir, 21, 8058(2005)) to be a potential problem in soft lithography.

[0044] In certain aspects of this invention, nano-structured surfaces are
discussed in detail. While many of the benefits of the templating approach noted

herein are most effective at the nano scale of dimensions, conditions can also
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exist where microscale dimensions are also effective. The processes described
herein are also contemplated for similar approaches to achieve microscale

surface dimensions.

[0045] Referring now to FIG. 3A, an aorta and branches were surgically
removed from a cow’s heart and a 1-2" length section having 1" diameter of a
subclavian artery was cut on crosssection and cleaned with D] water. A casting
resin of polydimethylsiloxane (PDMS) was prepared and uncured PDMS was
poured into a plastic container where the artery section was suspended,
completely covering the artery. The PDMS was then cured at 75 OC for 30
minutes. The plastic container was removed from the oven, allowed to cool, and
the plastic removed from the cured PDMS. The casting resin was sliced such
that the end of the artery was exposed, and the artery was removed with
tweezers leaving a PDMS mold of the artery, as shown in FIG. 3B. A PFPE
replicate was from the PDMS mold leaving a cast replicate of the original artery,
as shown in FIG. 3C.

[0046] Referring now to FIG. 4, the interior of coronary arteries were molded
according to the present invention. 1 inch long sections of coronary arteries with
surrounding tissue were dissected from a cow’s heart. The end of the artery was
sealed and PFPE-dimethacrylate (PFPE-DMA) containing 2,2-
diethoxyacetophenone was injected into the open end of the artery. The two
artery sections were placed in a curing chamber and cured. The sections were
removed from the chamber and photographed, as shown in FIG. 4.

[0047] Referring next to FIG. 5, a PFPE replicate of heart muscle surface was
fabricated according to methods and materials of the present invention. A 1.5" x
1.5” section of a chamber of the heart was cut from a cow's heart, rinsed with DI
water, and dried with compressed air and is shown in FIG. 5. PFPE-
dimethacrylate (PFPE-DMA) containing 2,2-diethoxyacetophenone was coated
onto the chamber wall surface and placed in a curing chamber. After the material
was cured, the cured PFPE can be carefully peeled from the surface. Surface
structure of the heart muscle was replicated onto the PFPE as shown in FIG. 5
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[0048] According to FIG. 6, a blood vessels in a liver was replicated according to
methods and materials of the present invention. As shown in FIG. 6, a pig's liver
was sectioned into 1 inch slices containing cross sections of blood vessels raging
in diameter from 0.5 to 2 cm. One end of the vessels can be sealed and PEPE-
dimethacrylate (PFPE-DMA) containing 2,2-diethoxyacetophenone injected into
the vessels. The sections can then be placed in a curing chamber and cured.
After the sections are removed from curing, surface structures can be seen, as
shown in FIG. 6.

[0049] As shown in FIG. 7, an AFM and TEMT images depicts molding and
replication of adenovirus particles. FIG. 7A shows an AFM image of an
adenovirus master, prepared by depositing adenovirus particles onto a silicon
surface. FIG. 7B shows an AFM image of a PFPE mold formed from an
adenovirus master. FIG. 7C shows an AFM image of a triacrylate/bisphenol A
dimethacryate adenovirus replica. FIG. 7D shows a TEMT reconstruction of a
triacrylate/bisphenol A dimethacrylate adenovirus replica. Also, FIG. 7E shows a
cryo-electron microscopy reconstruction of adenovirus.

[0050] Referring now to FIG. 8, earthworm hemoglobin protein was replicated
using particle replication in non-wetting templates (PRINT). A template, or
“master,” for perfluoropolyether-dimethacrylate (PFPE-DMA) mold fabrication is
generated by dispersing earthworm hemoglobin protein on a silicon wafer. This
master can be used to template a surface nanostructure of the hemoglobin by
pouring PFPE-DMA containing 1-hydroxycyclohexyl phenyl ketone over the
patterned area of the master. The PFPE-DMA can then be cured and released
from the master. Next, TMPTA is placed on a treated silicon wafer and the
patterned PFPE mold placed on top of it. The entire apparatus is then subjected
to a curing procedure and synthetic protein replicates are observed after
separation of the PFPE mold and the treated silicon wafer using scanning
electron microscopy (SEM) or transmission electron microscopy (TEM), as shown
in FIG. 8.

[0051] Referring now to FIG. 8, AFM images depict PS-b-PI micelle replication
according to embodiments of the present invention. Depending on the block-
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copolymer composition, self-assembly of PS-b-P| in heptane (a selective solvent
for the Pl block) results in micelles with well-defined shapes. FIG. 8A shows a
schematic depicting self-assembly of micelles and their deposition onto
substrates (brown/white), m olding ( green/black) and replication (blue/magenta).
FIG. 8B shows a spherical micelle master, prepared by self-assembly of a 39
kDa-b-94 kDa PS-b-Pl copolymer and solution d eposition onto mica. FIG. 8C
shows a PFPE mold of a spherical micelle master. FIG. 8D shows a triacrylate
replica of spherical micelles. FIG. 8E shows a cylindrical micelle master,
prepared by self-assembly of a 40 kDa-b-10 kDa PS-b-P1 copolymer and solution
deposition onto mica. FIG. 8F shows a PFPE mold of a cylindrical micelle
master. FIG. 8G shows a triacrylate replica of cylindrical micelles. FIG. 8H
shows a toroidal micelle master, prepared by self-assembly and deposition of a
21 kDa-b-4 kDa PS-b-P| copolymer and solution deposition onto mica; Inset:
larger AFM image showing a collection of toroidal micelle nano-objects. FIG. 8l
shows a PFPE mold of a toroidal micelle, and FIG. 8J shows a triacrylate replica
of a toroidal micelle master.

[0052] Referring now to FIG. 9, a replication of carbon nanotubes is shown
replicated according to embodiments of the present invention. FIG. 9A shows an
AFM image of a carbon nanotube master. FIG. 9B shows a PFPE mold of the
nanotube master fabricated by photopolymerization of 1 kDa PFPE precursor.
FIG. 9C shows a triacrylate replica derived from the 1 kDa PFPE mold. FIG. 8D
shows a PFPE mold of the nanotube master fabricated by photopolymerization of
4 kDa PFPE precursor. And FIG. 9E shows a triacrylate replica derived from the
4 kDa PFPE mold.

[0053] In another aspect of the invention, a polymer system of the template for
producing a continuous film by a roll-to-roll process includes a crosslinked
perfluoropolyether such as, described herein and in U. S. Patent 4,472,480; U.S.
Patent Applications 11/633,763; and also in references J. P. Rolland et al., J. Am.
Chem. Soc., 126, 2322(2004); A. Prioli et al. Macromol. Chem. Phys., 198,
1893(1997); and J. P. Rolland et al., J. Am. Chem. Soc., 127, 10096(2005), each
of which is incorporated herein by reference in its e ntirety. The last reference

notes the utility of crosslinked perfluoropolyethers as a templating method for
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formation of nanoparticles. This perfluoropolyether with vinyl end-groups is liquid
and UV polymerizable/crosslinkable. When placed on nano-structured surfaces
(with modest pressure optionally applied), the perfluoropolyether is able to
replicate the surface and be polymerized/crosslinked in place. The low surface
energy allows for easy removal and the low modulus allows for release from
undercut morphologies. Various end-group chemistries of perfluoropolyethers
can be employed including isocyanate termination which can be cured with
various polyfunctional reactants (e.g. triols). Trialkyloxy end groups can also be
considered for a sol-gel condensation crosslinking reaction to yield a material
with useful properties.

[0054] Other variations of fluorocarbon elastomers can be employed for the
template. Low molecular weight oligomers with functional end groups can be
achieved using living free radical polymerization methods. The functional end
groups can b e m odified with crosslinkable s ites. Additionally, the fluorocarbon
oligomers can be produced by either conventional or living free radical
polymerization with functional monomers added for crosslinking reactions. The
functional monomers can include at least one member .selected from
hydroxyethyl(meth)acrylate, (meth)acrylic a cid, vinyl acetate ( hydrolysis to vyield
vinyl alcohol), vinyl sulfenic acid, styrene sulfonic acid, 4-hydroxy st}}rene, 2-
acrylamido-2-methyl propane sulfonate, maleic anhydride, glycidyl methacrylate,
isocyanatoethyl methacrylate, combinations thereof, among others. The
functional monomers can be employed directly in crosslinking reactions or further
modified with other functional groups for crosslinking. Fluorocarbon monomers
which can be employed in the oligomers n oted supra can include atleast one
member selected from vinylidene fluoride, hexafluoropropylene,
trifluorochloroethyiene, tetrafluroethylene, trifluoroethylene, fluorinated acrylates
such as hexfluoro-iso-propyl (meth)acrylate, 1H,1H,3H-
hexafluorobutyl(meth)acrylate, 1H,1H,5H-octafluoropentyl (meth)acrylate,
pentafluorophenyl (meth)acrylate, perfluoro(methyl vinyl ether), combinations
thereof, among others. Fluorinated acrylates such as those available from
DuPont under the tradename Zonyl® are monomers of interest for the process of
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this invention. Other monomers can be included in amounts that do not
adversely impact the desired properties.

[0055] Another aspect of the invention includes a method of forming the desired
polymer template by polymerization of fluorinated monomers on the master
template. The fluorinated monomers can include at least one membef selected
from  vinylidene fluoride, hexafluoropropylene, trifluorochloroethylene,
tetrafluroethylene, trifluoroethylene, fluorinated acrylates such as hexfluoro-iso-
propyl (meth)acrylate, 1H,1H,3H-hexafluorobutyl(meth)acrylate, 1H,1H,5H-
octafluoropentyl  (meth)acrylate, pentafluorophenyl (meth)acrylate, 1,1-
dihydroperfluorobutyl (meth)acrylate, Zonyl® fluoroacrylate, combinations
thereof, among others. In the case where these monomers are volatile,
polymerization can be conducted at lower temperatures with UV or other forms of
radiation (beta, gamma). Crosslinking monomers (such as diacrylates and
divinylbenzene) can be incorporated to achieve the desired elastomeric template
properties and employed for a roll-to-roll process employing a templated belt.
The mechanical properties of high molecular weight versions of these materials
can approach typical fluoroelastomer properties and, in some cases, be superior
to the crosslinked oligomers noted above. If desired, relatively low viscosity
monomers would be advantageous for patterning nanostructures. Monomers
other than fluorinated monomers can be optionally employed such that they do
not seriously compromise the required properties of low modulus, low surface
energy and organic solvent/monomer resistance. Optionally, a combination of
the monomers noted above and a polymer (normally the same structure as the
monomers) dissolved in the monomers can be employed for the templating
polymer to provide viscosity control and ease in the addition and polymerization
of the templating polymer.

[0056] In specific cases, silicone rubber and various silicone based elastomers
can be employed as the templating polymer. For monomers such as the acrylics
and styrenics, in some cases, the solubility in the silicone elastomer may be too
high to permit proper templating. However, with liquid oligomers and
prepolymers, the solubility would be considerably lower and silicone based

elastomers can be employed as the template.
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[0057) Surfactants can be added to the oligomers, prepolymers or monomers
employed for the template polymers described above. These surfactants can
include acetylenic alcohols and diols as described in U. S. Pat. 5,789,505 and
poly(propylene oxide) or poly(butylene oxide) based surfactants as described in
U. S. Pat. 5,733,964, each of which are incorporated herein by reference in its
entirety.  Silicone based surfactants known in the art such as the silicone-
poly(ethylene oxide) surfactants can also be considered. Fluorinated surfactants
such as fiuorinated hydrocarbons with sulfonic acid or carboxylic acid end or
pendant groups (such as perfluorooctanoic acid and perfluorooctane suifonic
acid) can also be employed. The role of the surfactant will be to adjust the
“wetting characteristics of the template precursors such that they properly wet the
nanostructured surface being templated.

IV. MATERIALS

[0058] In one aspect of the invention, the templated polymers will be obtained
from a liquid monomer or prepolymer and that are added to the template belt (or
mold) and fill the nanostructured features of the template belt (or mold).
Polymerization will be conducted and the resultant film/coating will be removed
from the surface. One desirable polymer family for the film/coating will be
(meth)acrylic based polymers. A large number of acrylate and methacrylate
monomer variations exist of which many are commercially available.

[0059] The generalized poly(meth)acrylate structure is shown below with
variants of R and R’ given in the Table also shown below.

R
Ro” S0
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Table

Methacrylates Acrylates

PMMA R =-CHz R'=-CHj PMA R=-H; R'=-CHs

PEMA R =-CHj3 R'=-CH,CH PEA R=-H; R'=-CH,CHj
PnPMA R =-CHj; R'=-CH,;CH,CHs PnPA R =-H; R =-CH,CH,CH;
PIPMA R =-CHgz; R'=-CH(CHj3), PIPA° R =-H; R'=-CH(CHjs),
PnBMA R = -CHa: R = -|PnBA R=-H; R'= -CH2CH2CHLCH3
CH>CH2CH,CHj3

PtBMA R =-CH3, R =-C(CHa)s PtBA R =-H; R'=-C(CHa)s
PnPrMA R = -CHs R' =|PnPrA R = H R =
CH2CHRCH,CHLCH4 CH2CH2CH,CH,CH3

PMAA R =-CHj3 R'=-OH PAA R=-H; R'=-0OH

PEHMA R =-CHj; R' = -CH,CH,OH PEHA R=-H; R'=-CHyCH,OH

[0060] Additional (meth)acrylates can be considered for the nanostructured films
including at least one member selected from 2-ethyl hexyl (meth)acrylate,
cyclohexyl (meth) acrylate, hexfluoro-iso-propyl (meth)acrylate, 1H,1H,3H-
hexafluorobutyl(meth)acrylate, 1H,1 H,5H-octafluoropenty[ (meth)acrylate,
pentafluorophenyl  (meth)acrylate, 2,2, 2-trifluoroethyl  (meth)acrylate, 1,1-
dihydroperfluorobutyl (meth)acrylate (e.g., including perfluoroacrylate monomer
mixtures such as Zonyl® TA-N), and combinations thereof, among others. The
(meth)acrylates can aiso be copolymerized with other monomers such as
styrene, acrylonitrile, maleic anhydride and vinyl pyrrolidone.  Crosslinking
monomers such as di(meth)acrylates and divinyl benzene will be optionally
added to improve performance. In the case of low Tg (meth)acrylates,
crosslinking will be required to maintain dimensional stability after fabrication and
in application use.
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[0061] Polystyrene and styrene copolymers can also be considered for the
nanostructured films of this invention. Styrene copolymers can include the
(meth)acrylates noted above, acrylonitrile, maleic anhydride, vinyl pyrrolidone,
and a-methyl styrene, Unsaturated polyesters are based on mixtures of
oligomeric polyesters containing double bonds with styrene monomer. These
systems are normally liquid and also can used for making the nanostructured
films of the invention. Polymers based on vinyl acetate such as poly(vinyl
acetate), vinyl acetate/(meth)acrylate copolymers, and vinyl acetate/vinyl
pyrrolidone copolymers can also be considered.

[0062] Ring opening polymerizations such as the anionic polymerization of
g-caprolactam to yield nylon 6 and the ring opening polymerization of e-
caprolactone to yield poly(e-caprolactone) can also be employed for making the

nanostructured film.

[0063] Thermosetting liquid systems such as RTV silicones, epoxies, vinyl
esters, combinations thereof, among others s ystems can also be employed as
the nanostructured films/coatings for the applications of this invention. If desired,
an article can be produced by the inventive process that includes a plurality of

films or layers.

[0064] Fluorinated monomers in addition to the fluorinated acrylates noted
above can include vinylidene flucride, tetrafluoroethylene, fluorinated vinyl ether,
trifluoroethylene, hexafluoropropylene, trifluorochloroethylene, combinations
thereof, among others. In the case of volatile fluorinated monomers, low
temperature are typically employed to yield the desired conversion of liquid
monomers to polymers and radiation techniques such as UV, gamma or beta
radiation can be employed. Copolymers containing these fluoropolymers can
include acrylates and styrenics.

[0065] High polarity monomers including monomers yielding water soluble
polymers can be used in the inventive process. In specific cases, it may be
desired to have the nanostructured surfaces offering hydrogel-like properties thus
crosslinking agents (e.g. divinyl benzene, di{(meth)acrylates) can be incorporated
in the monomer system. While any suitable cross-linking agent can be
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employed, examples of suitable agents include at least one member selected
from acrylonitrile, acrylamide, N, N-dimethyl acrylamide, (meth)acrylic acid,
styrene sulfonic acid, N-vinyl formamide, N-vinyl acetamide, vinyl methyl ether,
N-vinyl pyrrolidone, 4-vinyl pyridine, among others.

[0066] Functional oligomers with chain extenders or crosslinking agents can be
employed as the polymer to be templated by this process. Hydroxy! terminated
polyether and polyester oligomers (e.g. poly(ethylene oxide), poly(propylene
oxide), poly(tetramethylene oxide), poly(e-caprolactone) and polyesters based on
aliphatic dicarboxylic acids and aliphatic diols) can be employed with addition of
diisocyanates.

[0067] Liquid vinyl plastisols based on PVC particles suspended in plasticizer
can be employed for these surfaces where the PVC particle diameters are lower
orin the range of the desired dimensions. Heat treatment of the suspension can
allow for dissolution and flow into the nano-dimension crevices of the template.

[0068] Inorganic polymers such as silica derived from tetraalkoxysilane can be
employed as the templated polymer. As an example, tetraethyloxysilane (TEOS)
can be added to the template surface and polymerized (acid catalyst or heat). In
cases wherein the resultant silica would be too brittle to be handled as a
continuous film, a laminate layer either polymerized on top of the silica or polymer
film with enhanced biomedical characteristics can be employed to bond to the
silica layer and allow removal from the template surface. Other inorganic sol-gel
systems includes titania, zirconia, among other similar based precursors.
Organic-inorganic sol-gel systems such as epoxy and urethane based hybrids
can be employed. A specific example can involve TEOS, 3-
aminopropyltriethyoxysilane and the diglycidyl ether of Bisphenol A which with
condensation will yield an epoxy-silica hybrid.

[0069] A wide range of liquid oligomers or prepolymers can be employed as the

templated polymer of this invention. The polymerization p rocess e mployed can

be chosen such that covalent bonding to the template does not occur to an extent

such that the templated polymer is difficult or possible to remove. Optionally,

monomers such as those noted above can be combined with a polymer (a
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desirable polymer would include the same monomer(s)) in a solution to be used
as the templated p olymer once polymerization is completed. This would allow
control of viscosity, shrinkage and other polymerization variables.

[0070] The templated polymer can be formed from a polymer solution applied to
the surface'of the templating polymer negative. Upon devolatilization of the
solution, the surface features will duplicate the original master template. This
may require procedures such that the polymer will properly flow into the crevices
of the nanostructures. This can include heat treatment to allow for polymer flow,
choice of an excellent film forming polymer, controlled devolatilization rates to
facilitate polymer flow into the structure. Alternatively polymer emulsions and
dispersions of film forming polymer can be added to the surface of the templating

" polymer negative to yield the desired surface upon removal of the volatile carrier
(e.g. water) of the emulsion or dispersion.

[0071] In certain embodiments, the present invention broadly describes and
employs solvent resistant, low surface energy polymeric materials for fabricating
articles or articles, such as molds having micro- and/or nano-sized cavities.
According to some embodiments the low surface energy polymeric materials
include, but are not limited to fluoropolyether or perfluoropolyether (collectively
“PFPE”), poly(dimethylsiloxane) (PDMS), poly(tetramethylene oxide),
poly(ethylene oxide), poly(oxetanes), polyisoprene, polybutadiene, fluoroolefin-
based fluoroelastomers, and the like. An example of forming a mold of a
nanostructured surface with such materials includes casting liquid PFPE
precursor materials onto a substrate (or master) and then curing the liquid PFPE
precursor materials to generate a replica pattern of the master. For simplification
purposes, most of the description will focus on PFPE materials, however, it will
be appreciated that other polymers, such as those recited herein, can be applied
to the methods, materials, and articles of the present invention.

[0072] According to certain embodiments of the present invention, “curing” a
liquid polymer, for example a liquid PFPE precursor, means transforming the
polymer from a liquid state to a non-liquid state (excluding a gas state) such that
the polymer does not readily flow, such as a material with a relatively high
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viscosity or a rubbery state. In some embodiments, the non-liquid state that the
polymer is transformed to is a gél state. In some embodiments, the polymer in
the non-liquid state can include un-reacted polymerizable groups. In other
embodiments, the polymer liquid precursor is capable of undergoing a first cure
to become non-liquid such that the polymer becomes not fully soluble in a
solvent. In other embodiments, when the liquid polymer precursor is cured it is
meant that the polymer has transitioned into a non-liquid polymer that forms
fibers about an object drawn through the material. In other embodiments, an
initial cure of the liquid polymer precursor transitions the polymer to a non-
conformable state at room temperature. In other embodiments, following a cure,
the polymer takes a gel form, wherein gel means an article that is free-standing
or self-supporting in that its yield value is greater than the shear stress imposed

by gravity.”

[0073] Representative solvent resistant elastomer-based materials include but
are not limited to fluorinated elastomer-based materials. As used herein, the
term “solvent resistant” refers to a material, such as an elastomeric material that
does not substantially swell or dissolve in common hydrocarbon-based organic
solvents or acidic or basic aqueous solutions. Representative fluorinated
elastomer-based materials include but are not limited to fluoropolyether and

perfluoropolyether (collectively “PFPE”") based materials.

[0074] The properties of these materials can be tuned over a wide range
through the judicious choice of additives, fillers, reactive co-monomers, and
functionalization agents, examples of which are described further herein. Such
properties that are desirable to maodify, include, but are not limited to, modulus,
tear strength, surface energy, permeability, functionality, mode of cure, solubility,
toughness, hardness, elasticity, swelling characteristics, absorption, adsorption,
combinations thereof, and the like. Some examples of methods of adjusting
mechanical and or chemical properties of the finished material includes, but are
not limited to, shortening the molecular weight between cross-links to increase
the modulus of the material, adding monomers that form polymers of high Tg to

increase the modulus of the material, adding charged monomer or species to the
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material to increase the surface energy or wetability of the material, combinations
thereof, and the like.

[0075] According to one embodiment, materials for use herein (e.g., PFPE
materials) have surface energy below about 30 mN/m. Accord%ng to another
embodiment the surface energy is between about 7 mN/m and about 20 mN/m.
According to a more preferred embodiment, the surface energy is between about
10 mN/m and about 15 mN/m. The non-swelling nature and easy release
properties of the presently disclosed materials (e.g. PFPE materials) allow for the

fabrication of laminate articles.

[0076] - In some embodiments the liquid PFPE precursor includes a chain
extended material such that two or more chains are linked together before adding
polymerizablable groups. Accordingly, in some embodiments, a “linker group”
joins two chains to one molecule. In some embodiments, as shown in Scheme 1,
the linker group joins three or more chains.

X
O ~~~~~~—PEPE OH
HOw~~~~~~PFPE QO
_I.I_H__MAA~prE~ANW\AO o PFPE 3
! hoy '

O

O

Scheme 1. Linker group joining three PFPE chains.

[0077] In some embodiments, X is selected from the group including, but not
limited to an isocyanate, an acid chloride, an epoxy, and a halogen. In some
embodiments, R is selected from the group including, but not limited to an
acrylate, a methacrylate, a styrene, an €poxy, a carboxylic, an anhydride, a
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maleimide, an isocyanate, an olefinic, and an amine. In some embodiments, the
circle represents any multifunctional molecule. In some embodiments, the
multifunctional molecule includes a cyclic molecule. PFPE refers to any PFPE
material provided herein.

[0078] In some embodiments the PFPE liquid precursor is encapped with an
epoxy moiety that can be photocured using a photoacid generator. Photoacid
generators suitable for use in the presently disclosed subject matter include, but
are not limited to: bis(4-tert-butylphenyl)iodonium p-toluenesulfonate, bis(4-tert-
butylphenyl)iodonium triflate, (4-bromophenyl)diphenylsulfonium triflate, (tert-
butoxycarbonylmethoxynaphthyl)-diphenylsulfonium triflate, (tert-
butoxycarbonylmethoxyphenyl)diphenylsulfonium triflate, (4-tert-
butylphenyli)diphenyisulfonium triflate, (4-chlorophenyl)diphenylsulfonium trifiate,
diphenyliodonium-9,10-dimethoxyanthracene-2-sulfonate, diphenyliodonium
hexafluorophosphate, diphenyliodonium nitrate, diphenyliodonium perfluoro-1-
butanesulfonate, diphenyliodonium p-toluenesulfonate, diphenyliodonium triflate,
(4-fluorophenyl)diphenylsulfonium triflate, N-hydroxynaphthalimide triflate, N-
hydroxy-5-nbrbomene~2,3-dicarboximide perfluoro-1-butanesuifonate, N-
hydroxyphthalimide triflate, [4-[(2-hydroxytetradecyl)oxy]phenyllphenyliodonium
hexafluoroantimonate, (4-iodophenyl)diphenylsulfonium triflate, (4-
methoxyphenyl)diphenylsulfonium friflate, 2-(4-methoxystyryl)-4,6-
bis(trichloromethyi)-1,3,5-triazine, (4-methylphenyl)diphenylsulfonium triflate, (4-
methylthiophenyl)methy! phenyl sulfonium friflate, 2-naphthyl diphenylsulfonium
triflate, (4-phenoxyphenyl)diphenylsulfonium trifiate, (4-
phenylthiophenyl)diphenylsulfonium triflate, thiobis(triphenyl sulfonium
hexafluorophosphate), triarylsulfonium hexafluoroantimonate salts,
triarylsulfonium hexafluorophosphate salts, triphenylsuifonium perfluoro-1-
butanesufonate, triphenylsulfonium triflate, tris(4-tert-butylphenyl)sulfonium
perfluoro-1-butanesulfonate, and tris(4-ferf-butylphenyl)sulfonium trifiate.

[0079] in some embodiments the liquid PFPE precursor cures into a highly UV
and/or highly visible light transparent elastomer. in some embodiments the liquid
PFPE precursor cures into an elastomer that is highly permeable to oxygen,

carbon dioxide, and nitrogen, a property that can facilitate maintaining the viability
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of biological fluids/cells-disposed therein. In some embodiments, additives are
added or layers are created to enhance the barrier properties of the articles to

molecules, such as oxygen, carbon dioxide, nitrogen, dyes, reagents, and the

like.

[0080] In some embodiments, the material suitable for use with the presently
disclosed subject matter includes an acrylate material having a fluorinated
acrylate or a fluorinated methacrylate having the following structure:
A
CH;=C
¢=o0
5
J

wherein;

R is selected from the group including, but not limited to H, alkyl, substituted
alkyl, aryl, and substituted aryl; and

Rt includes a fluoroalkyl chain with a ~CHy- or a —CHy-CHo- spacer between a
perfluoroalkyl chain and the ester linkage. In some embodiments, the
perfluoroalkyl group has hydrogen substituents.

[0081] According to an alternative embodiment, the PFPE material includes a
urethane block as described and shown in the following structures provided in
Scheme 2:
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PFPE Urethane Tetrafunctional Methacrylate

CH, H,
| Urethane block
CHZ=C~|?. OCH,CF,0-[-(CF,CF,0),~-(CF,0),-]1-CF,CH, o.| -C=CH

o) CH, o)

I _ PFPE backbone FH“

O:-C=CH CH,=C-C-0
! i
o o)

PFPE methacrylate
i 0
CHF=C—C- 0O CHQCF?_(X“ CF:CFROf CFZO*)‘n CFCHy O— C— l@ CH,
m

[
CHs CHj

PFPEchain

PFPE urethanaacrylate

CH2=CH-”C—O\,\/* CH, CF,0-[-(CF, CF, O )y~ (CF, O} -]-CF CHN A Os¢- CH=CH
o PFPE backbone Urethane O
MW, = 1500 : block

Scheme 2. PFPE Urethane Tetrafunctional Methacrylate

[0082] According to an embodiment of the present invention, PFPE urethane
tetrafunctional methacrylate materials such as the above described can be used
as the materials and methods of the present invention or can be used in
combination with other materials and methods described herein, as will be
appreciated by one of ordinary skill in the art.

Scheme 3. PFPE Urethane Systems

[0083] Accroding to some embodiments, urethane systems include materials

with the following structures.
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[0084] According to this scheme, part A is a UV curable precursor and parts B
and C make up a thermally curable component of the urethane system. The
fourth component, part D, is an end-capped precursor, (e.g., styrene end-capped
liquid precursor). According to some embodiments, part D reacts with latent
methacrylate, acrylate, or styrene groups contained in a base material, thereby
adding chemical compatibility or a surface passivation to the base material and
increasing the functionality of the base material.

IV.A. Fluoroolefin-based Materials

[0085] Further, in some embodiments, the materials used herein are selected
from highly fluorinated fluoroelastomers, e.g., fluoroelastomers having at least
fifty-eight weight percent fluorine, as described in U.S. Patent No. 6,512,063 to
Tang, which is incorporated herein by reference in its entirety. Such
fluoroelastomers can be partially fluorinated or perfluorinated and can contain
between 25 to 70 weight percent, based on the weight of the fluoroelastomer, of
copolymerized units of a first 'monomer, e.g., vinylidene fluoride (VF;) or
tetrafluoroethylene (TFE). The remaining units of the fluoroelastomers include
one or more additional copolymerized monomers, that are different from the first
monomer, and are selected from the group including, but not limited to fluorine-
containing olefins, fluorine containing vinyl ethers, hydrocarbon olefins, and
combinations thereof.

[0086] These fluoroelastomers include VITON® (DuPont Dow Elastomers,
Wilmington, Delaware, United States of America) and Kel-F type polymers, as
described in U. S. Patent No. 6,408,878 to Unger et al. These commercially
available polymers, however, have Mooney viscosities ranging from about 40 to
65 (ML 1+10 at 121°C) giving them a tacky, gum-like viscosity. When cured, they
become a stiff, opaque solid. As currently available, VITON® and Kel-F have
limited wtility for micro-scale molding. Curable species of similar compositions,
but having lower viscosity and greater optical clarity, is needed in the art for the

applications described herein. A lower viscosity (e.g., 2 to 32 (ML 1+10 at
1-PH/2560142.1 30
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121°C)) or more preferably as low as 80 to 2000 cSt at 20 °C, composition yields
a pourable liquid with a more efficient cure.

[0087] More particularly, the fluorine-containing olefins include, but are not
limited to, vinylidine fluoride, hexafluoropropylene (HFP), tetrafluoroethylene
(TFE), 1,2,3,3,3-pentafluoropropene (1-HPFP), chlorotrifluoroethylene (CTFE)
and vinyl fluoride.

[0088] The fluorine-containing vinyl ethers include, but are not limited to
perfluoro(alkyl vinyl) ethers (PAVEs). More particularly, perfluoro(alky! vinyl)
ethers for use as monomers include perfluoro(alkyl vinyl) ethers of the following

formula:
CF2=CFO(R{O)n(RfO)mRs

wherein each Rrisindependently a linear or branched C 1-Cg perfluoroalkylene
group, and m and n are each independently an integer from 0 to 10.

[0089] In some embodiments, the perfluoro(alkyl vinyl) ether includes a

monomer of the following formula:
CF2=CFO(CF20FXO)an

wherein X is F or CF3, nis an integer from 0 to 5, and R; is a linear or branched
C+-Cs perfluoroalkylene group. In some embodiments, n is 0 or 1 and Ry includes
1 to 3 carbon atoms. Representative examples of such perfluoro(alkyl vinyl)
ethers include perfluoro(methyl vinyl) ether (PMVE) and perfluoro(propyl vinyl)
ether (PPVE).

[0090] In some embodiments, the perfluoro(alkyl vinyl) ether includes a
monomer of the following formula:

CF2=CFO[(CF2)mCF2CFZO)Rs
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wherein R¢is a perfluoroalkyl g roup having 1-6 carbon atoms, m is an integer
from 0 or 1, nis an integer from 0 to 5, and Z is F or CF3. In some embodiments,
Rris CsF7, mis 0, and nis 1. '

[0091] In some embodiments, the perfluoro(alkyl vinyl) ether monomers include
compounds of the formula:

CF2=CFO[{CF2CF{CF3}0)(CF2CF2CF20)n(C F2)p]CxF 2x+1

wherein m and n each integers independently from 0 to 10, p is an integer from 0
to 3, and x is -an integer from 1 to 5. In some embodiments, nis 0 or 1, m is 0 or
1,and xis 1.

[0092] Other examples of useful perfluoro(alkyl vinyl ethers) include:
CF2=CFOCF2CF(CF3)O(CF20)mCnF 2n+1

wherein n is an integer from 1 to 5, m is an integer from 1 to 3. In some
embodiments, nis 1.

[0093] In embodiments wherein copolymerized units of a perfluoro(alky! vinyl)
ether (PAVE) are present in the presently described fluoroelastomers, the PAVE
content generally ranges from 25 to 75 weight percent, based on the total weight
of the fluoroelastomer. If the PAVE is perfluoro(methyl vinyl) ether (PMVE), then
the fluoroelastomer contains between 30 and 55 wt. % copolymerized PMVE
units.

[0094] Hydrocarbon olefins useful in the presently described fluoroelastomers
include, but are not limited to ethylene (E) and propylene (P). In embodiments
wherein copolymerized units of a hydrocarbon olefin are present in the presently

32



WO 2007/081876 PCT/US2007/000402

described fluoroelastomers, the hydrocarbon olefin content is generally 4 to 30
weight percent.

[0095] Further, the presently described fluoroelastomers can, in some
embodiments, include units of one or more cure site monomers. Examples of
suitable cure site monomers include: i) bromine-containing olefins; ii) iodine-
containing olefins; iii) bromine-containing vinyl ethers; iv) iodine-containing vinyl
ethers; v) fluorine-containing olefins having a nitrile group; vi) fluorine-containing
vinyl ethers having a nitrile group; vii) 1,1,3,3,3-pentafluoropropene (2-HPFP);
viii) perfluoro(2-phenoxypropyl vinyl) ether; and ix) non-conjugated dienes.

[0096] In certain embodiments, the brominated cure site monomers can contain
other halogens, preferably fluorine. Examples of brominated olefin cure site
monomers are CF,=CFOCF,CF,CF,0CF,CF,Br; bromotrifluoroethylene; 4-
bromo-3,3,4,4-tetrafluorobutene-1 (BTFB); and others such as vinyl bromide, 1-
bromo-2,2-difluoroethylene; perfluoroallyl bromide; 4-bromo-1,1,2-trifluorobutene-
1; 4-bromo-1,1,3,3,4,4,-hexafluorobutene; 4-bromo-3-chioro-1 ,1,3,4,4-
pentafluorobutene; 6-bromo-5,5,6,6-tetrafluorohexene; 4-bromoperfluorobutene-1
and 3,3-difluoroallyl bromide. Brominated vinyl ether cure site monomers include
2-bromo-perfluoroethy! perfluorovinyl ether and fluorinated compounds of the
class CF2Br-R—0O-~CF=CF;, (wherein R is a perfluoroalkylene group), such as
CF2BrCF,0-CF=CF, and fluoroviny! ethers of the class ROCF=CFBr or
ROCBr=CF; (wherein R is a lower alkyl group or fluoroalkyl group), such as
CH3OCF=CFBr or CF3;CH,OCF=CFBr.

[0097] Suitable iodinated cure site monomers inciude iodinated olefing of the
formula: CHR=CH-Z~CH,CHR-I, wherein R is —H or ~CHs; ZisaCito Cyg
(per)fiuoroalkylene radical, linear or branched, optionally containing one or more
ether oxygen atoms, or a (per)fluoropolyoxyalkylene radical as disclosed in U.S.
Pat. No. 5,674,959. Other examples of useful iodinated cure site monomers are
unsaturated ethers of the formula: {CH2CF2CF,),0OCF=CF; and ICH,CF,
O[CF(CF3)CF20),CF=CF,, and the like, wherein n is an integer from 1 to 3, such
as disclosed in U.S. Pat. No. 5,717,036. In addition, suitable iodinated cure site
monomers including iodoethylene, 4-iodo-3,3,4,4-tetrafluorobutene-1 (ITFB);
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3-chloro-4-iodo-3,4,4-trifluorobutene; 2-iodo-1,1,2,2-tetrafluoro-1-
(vinyloxy)ethane; 2-iodo-1-(perfluorovinyloxy)-1,1 ,-2,2-tetrafluoroethylene;
1,1,2,3,3,3-hexafluoro-2-iodo-1-(perfluorovinyloxy)propane; 2-iodoethyl vinyl
ether; 3,3,4,5,5,5-hexafluoro-4-iodopentene; and iodotrifluoroethylene are
disclosed in U.S. Pat. No. 4,694,045. Allyl iodide and 2-iodo-perfluoroethyl
perfluorovinyl ether also are useful cure site monomers.

[0098] Useful nitrile-containing cure site monomers include, but are not limited to
those of the formulas shown below:

CF2=CF—O(CF,):—CN

wherein n is an integer from 2 to 12. In some embodiments, n is an integer
from 2 to 6. .

CF2=CF-O[CF,-CF(CF)~0],—CF~CF(CF3)-CN

wherein n is an integer from 0 to 4. In some embodiments, n is an integer from O
to 2.

CF2=CF—[OCF,CF(CF3)ly~O—~(CF32);~CN

wherein x is 1 or 2, and n is an integer from 1 to 4; and

CF2=CF—O—(CF3)y~O—-CF(CF3)-CN

wherein n is an integer from 2 to 4. In some embodiments, the cure site
monomers are perfluorinated polyethers having a nitrile group and a trifluoroviny!
ether group.
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[0099] In some embodiments, the cure site monomer is:

CF,=CFOCF,CF(CF3)OCF,CF.CN

i.e., perfluoro(8-cyano-5-methyl-3,6-dioxa-1-octene) or 8-CNVE.

[00100] Examples of non-conjugated diene cure site monomers include, but are
not limited to 1,4-pentadiene; 1,5-hexadiene; 1,7-octadiene; 3,3,4,4-tetrafluoro-
1,5-hexadiene; and others, such as those disclosed in Canadian Patent No.
2,067,891 and European Patent No. 0784064A1. A suitable triene is 8-methyl-4-
ethylidene-1,7-octadiene.

[00101] In embodiments wherein the fluoroelastomer will be cured with peroxide,
the cure site monomer is preferably selected from the group including, but not
limited to 4-bromo-3,3,4,4-tetrafluorobutene-1 (BTFB); 4-iodo-3,3,4,4-
tetrafluorobutene-1 (ITFB); allyl iodide; bromotrifluoroethylene and 8-CNVE. In
embodiments wherein the fluoroelastomer will be cured with a polyol, 2-HPFP or
perfluoro(2-phenoxypropy! vinyl) ether is the preferred cure site monomer. in
embodiments wherein the fluoroelastomer will be cured with a tetraamine,
bis(aminophenol) or bis(thioaminophenol), 8-CNVE is the preferred cure site

monomer.

[00102] Units of cure site monomer, when present in the presently disclosed
fluoroelastomers, are typically present at a level of 0.05-10 wt. % (based on the
total weight of fluoroelastomer), preferably 0.05-5 wt. % and most preferably
between 0.05 and 3 wt. %.

[00103] Fluoroelastomers which can be used in the presently disclosed subject
matter include, but are not limited to, those having at least 58 wt. % fluorine and
having copolymerized units of i) vinylidene fluoride and hexafluoropropylene; ii)
vinylidene fluoride, hexafluoropropylene and tetrafluoroethylene; iii) vinylidene
fluoride, hexafluoropropylene, tetrafluoroethylene and 4-bromo-3,3,4,4-
tetrafluorobutene-1; iv) vinylidene fluoride, hexafluoropropylene,
tetrafluoroethylene and 4-iodo-3,3,4,4-tetrafluorobutene-1; v) vinylidene fluoride,
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perfluoro(methyl vinyl) ether, tetraflu‘oroethylene and 4-bromo-3,3,4,4-
tetrafluorobutene-1; vi) vinylidene fluoride, perfluoro(methyl vinyl) ether,
tetrafluoroethylene and 4-iodo-3,3,4,4-tetrafluorobutene-1; vii) vinylidene fluoride,
perfluoro(methyl vinyl) ether, tetrafluoroethylene and 1,1,3,3,3-
pentafluoropropene; Vviii) tetrafiuoroethylene, perfluoro(methyl vinyl) ether and
ethylene; ix) tetrafluoroethylene, perfluoro(methyl vinyl) ether, ethylene and
4-bromo-3,3,4,4-tetrafluorobutene-1; x) tetrafluoroethylene, perfluoro(methyl
vinyl) ether, ethylene and 4-iodo-3,3,4 4-tetraflucrobutene-1; xi)
tetrafluoroethylene, propylene and vinylidene fluoride; xii) tetrafluoroethylene and
perfluoro(methyl vinyt) ether; xiii) tetrafluoroethylene, perfluoro(methyl! vinyl) ether
and perfludro(8—cyano-5-methyl-3,6~dioxa-1—octene); xiv) tetrafluoroethylene,
perfluoro(methyl vinyl) ether and 4-bromo-3,3,4 4-tetrafluorobutene-1; xv)
tetrafluoroethylene, perfluoro(methyl vinyl) ether and 4-iodo-3,3,4.4-
tetrafluorobuitene-1: and xvi) tetrafluoroethylene, perfluoro(methyl vinyl) ether and
perfluoro(2-phenoxypropy! vinyl) ether.

[00104] Additionally, iodine-containing endgroups, bromine-containing endgroups
or combinations thereof can optionally be present at one or both of the
fluorcelastomer polymer chain ends as a result of the use of chain transfer or
molecular weight regulating agents during preparation of the fluoroelastomers.
The amount of chain transfer agent, when employed, is calculated to result in an
iodine or bromine level in the fluoroelastomer in the range of 0.005-5 wt. %,
preferably 0.05-3 wt. %.

[00105] Examples of chain transfer agents include iodine-containing compounds
that result in incorporation of bound iodine at one or both ends of the polymer
molecules. Methylene iodide; 1,4-diiodoperfluoro-n-butane; and 1,6-diiodo-
3,3.4,4-tetrafluorohexane are representative of such agents. Other iodinated
chain transfer agents include 1,3-diiodoperfluoropropane;
1,6-diiodoperfluorohexane; 1 ,3-diiodo-2-chloroperfluoropropane,
1,2-di(iododifluoromethyl)perfluorocyclobutane; monoiodoperfluoroethane;
monoiodoperfluorobutane; 2-iodo-1 -hydroperflucroethane, and the like. Also
included are the cyano-iodine chain transfer agents disclosed European Patent

No. 0868447A1. Particularly preferred are diiodinated chain transfer agents.
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[00106] Examples of brominated chain transfer agents include 1-bromo-2-
iodoperfluoroethane; 1-bromo-3-iodoperfluoropropane; 1-iodo-2-bromo-1,1-
difluoroethane and others such as disclosed in U.S. Patent No. 5,151,492,
[00107] Other chain transfer agents suitable for use include those disclosed in
U.S. Patent No. 3,707,529, which is incorporated herein by reference in its

entirety. Examples of such agents include isopropanol, diethylmalonate, ethyl
acetate, carbon tetrachloride, acetone and dodecyl mercaptan.

IV.B. Dual Photo-curable and Thermal-curable Materials

[00108] According to other embodiments of the present invention, a dual cure
material includes one or more of a photo-curable constituent and a thermal-
curable constituent. n one embodiment, the photo-curable constituent is
independent from the thermal-curable constituent such that the material can
undergo multiple cures. A material having the ability to undergo multiple cures is
useful, for example, in forming layered articles or in connecting or attaching
articles to other articles or portions or components of articles to other portions or
components of articles. For example, a liquid material having photocurable and
thermal-curable constituents can undergo a first cure to form a first article
through, for example, a photocuring process or a thermal curing process. Then
the photocured or thermal cured first article can be adhered to a second article of
the same material or any material similar thereto that will thermally cure or
photocure and bind to the material of the first article. By positioning the first
article and second article adjacent one another and subjecting the first and
second articles to a thermal curing or photocuring, whichever component that
was not activated on the first curing. Thereafter, either the thermal cure
constituents of the first article that were left un-activated by the photocuring
process or the photocure constituents of the first article that were left un-activated
by the first thermal curing, will be activated and bind the second article. Thereby,
the first and second articles become adhered together. It will be appreciated by
one of ordinary skill in the art that the order of curing processes is independent
and a thermal-curing can occur first followed by a photocuring or a photocuring
can occur first followed by a thermal curing.
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[00109] According to yet another embodiment, dual cure materials can include
multiple thermo-curable constituents included in the material such that the
material can be subjected to muitiple independent thermal-cures. For example,
the multiple thermal-curable constituents can have different activation
temperature ranges such that the material can undergo a first thermal-cure at a
first temperature range and a second thermal-cure at a second temperature
range. Accordingly, the material can be adhered to multiple other materials
through different thermal-cures, thereby, forming a multiple laminate layer article.

[00110] According to another embodiment, dual cure materials can include
materials having multiple photo curable constituents that can be triggered at
different wavelengths. For example, a first photo curable constituent can be
triggered at a first applied wavelength and such wavelength can leave a second
photo curable constituent available for activation at a second wavelength.

[00111] Examples of chemical groups which would be suitable end-capping
agents for a UV curable component include: methacrylates, acrylates, styrenics,
epoxides, cyclobutanes and other 2 + 2 cycloadditions, combinations thereof, and
the like. Examples of chemical group pairs which are suitable to endcap a
thermally curable component include: epoxy/amine, epoxy/hydroxyl, carboxylic
acid/amine, carboxylic acid/hydroxyl, ester/amine, ester/hydroxyl,
amine/anhydride, acid halide/hydroxyl, acid halide/amine, amine/halide,
hydroxyl/halide, hydroxyl/chlorosilane, azide/acetylene and other so-called “click
chemistry” reactions, and metathesis reactions involving the use of Grubb's-type
catalysts, combinations thereof, and the like.

[00112] The presently disclosed methods for the adhesion of multiple layers of an
article to one another or to a separate surface can be applied to PFPE-based
materials, as well as a variety of other materials, including PDMS and other
liquid-like polymers. Examples of liquid-like polymeric materials that are suitable
for use in the presently disclosed adhesion methods include, but are not limited
to, PDMS, poly(tetramethylene oxide), poly(ethylene oxide), poly(oxetanes),
polyisopréne, polybutadiene, and fluoroolefin-based fluoroelastomers, such as
those available under the registered trademarks VITON® AND KALREZ®.
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[00113] Accordingly, the presently disclosed methods can be used to adhere
layers, of different polymeric materials together to form articles, such as laminate
molds, and the like.

IV.C. Phosphazene-containing Polymers

[00114] According to some embodiments, articles and methods disclosed herein
can be formed with materials that include phosphazene-containing polymers
having the following structure. According to these embodiments, R, in the
structure below, can be a fluorine-containing alkyl chain. Examples of such
fluorine-containing alkyl chains can be found in Langmuir, 2005, 21, 11604, the
disclosure of which is incorporated herein by reference in its entirety. The articles
disclosed in this application can be formed from phosphazene-containing
polymers or from PFPE in combination with phosphazene-containing polymers.

R
|
IR

R

IV.D. Materials End-capped with an aryl trifluorovinyl ether (TVE)

[00115] In some embodiments, articles and methods disclosed herein can be
formed with materials that include materials end-capped with one or more ary!
trifluoroviny! ether (TVE) group, as shown in the structure below. Examples of
materials end-capped with a TVE group can be found in Macromolecules, 2003,
36, 9000, which is incorporated herein by reference in its entirety. These
structures react in a 2 + 2 addition at about 150° C to form perfluorocyclobutyl
moieties. In some embodiments, Rf can be a PFPE chain. In some
embodiments three or more TVE groups are present on a 3-armed PFPE
polymer such that the material crosslinks into a network.
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IV.E. Sodium naphthalene etchant

[00116] In some embodiments a sodium naphthalene etchant, such as
commercially available TETRAETCH™, is contacted with a layer of a
fluoropolymer article, such as an article disclosed herein. In other embodiments,
a sodium naphthalene etchant is contacted with a layer of a PFPE-based article,
such as laminate articles disclosed herein. According to such embodiments, the
etch reacts with C-F bonds in the polymer of the article forming functional groups
along a surface of the article. In some embodiments, these functional groups can
then be reacted with modalities on other layers, on a silicon surface, on a glass
surface, on polymer surfaces, combinations thereof, or the like, thereby forming
an adhesive bond. In some embodiments, such adhesive bonds available on the
surface of articles disclosed herein, such as laminate mold articles, can increase
adhesion between two articles, layers of an article, combinations thereof, or the
like. Increasing the bonding strength between layers of a laminate mold can
increase the functionality of the article, for example, by increasing the binding
strength between laminate layers.

IV.F. Trifunctional PFPE precursor

[00117] According to some embodiments, a trifunctional PFPE precursor can be
used to fabricate articles disclosed herein, such as laminate mold articles. The
trifunctional PFPE precursor disclosed herein can increase the functionality of an
overall article by increasing the number of functional groups that can be added to
the material. Moreover, the trifunctional PFPE precursor can provide for
increased cross-linking capabilities of the material. According to such
embodiments, articles can be synthesized by the following reaction scheme.
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[00118] In further embodiments, a trifunctional PFPE precursor for the fabrication
of articles, such as for example laminate articles disclosed herein, is synthesized

by the following reaction scheme.

9 q 8 CsF
F—C—CF~C~CF;C—F
/O\
N cF—cF,
CFS/

o F ﬂ
i ]
F-—-C——?F o—cF,—?F%o-cppr,—clz—cgc&o cI:F-cr-',—o ~ (I:F—C—-F
CF: CF: CF: CF:

Ho —CH,—?F—(—O—CF,—- ?F%O—CF;\:F,—?- CF;CF0 -(——(l:F-CFz—O —);—?F ~CH;OH
CF, CF, CF, CF,

IV.G. Fluoroalkyliodide precursors for generating fluoropolymers and/or

PFPE’s

[00119] In some embodiments, functional PFPEs or other fluoropolymers can be
generated using fluoroalkyliodide precursors. According to such embodiments,
such materials can be modified by insertion of ethylene and then transformed into
a host of common functionalities including but not limited to- silanes, Gringard

reagents, alcohols, cyano, thiol, epoxides, amines, and carboxylic acids.
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Rf—I + == Rf—CH.,CHx

I\VV.H. Diepoxy Materials

[00120] According to some embodiments, one or more of the PFPE precursors useful
for fabricating articles disclose herein, such as laminate articles for example, contains
diepoxy materials. The diepoxy materials can be synthesized by reaction of PFPE diols
with epichlorohydrin according to the reaction scheme below.

O-K+ OH
HO-CHz CF;04~CF ,CF,O-CF,0JCFs CHz-OH + cn/\<\o
Mn = 1,500 g/mol
80 C, 2h

J>""ocHzerot-cr e 0 cF0ioR o0

(0]

IV.l. Encapped PFPE chains with cycloaliphatic epoxides

[00121] In some embodiments, PFPE chains can be encapped with cycloaliphatic
epoxides moeites such as cyclohexane epoxides, cyclopentane epoxides, combinations
thereof, or the like. In some embodiments, the PFPE diepoxy is a chain-extending
material having the structure below synthesized by varying the ratio of diol to
epichlorohydrin during the synthesis. Examples of some synthesis procedures are
described by Tonelli et al. in Journal of Polymer Science: Part A: Polymer Chemistry
1996, Vol 34, 3263, which is incorporated herein by reference in its entirety. Ultilizing this
method, the mechanical properties of the cured material can be tuned to predetermined
standards.

o/>/\(\o~CHz—c;=z-o{—CF,CF._,o)—(—Con-)ch—CH;o/\/\}n\o-CH;CFio{—cpchzo)—(—cr-‘,o-)CFz—CHz—o/\<\

CH o
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[00122] In further embodiments, the secondary alcohol formed in this reaction can be
used to attach further functional groups. An example of this is shown below whereby the
secondary alcohol is reacted with 2-isocyanatoethyl methacrylate to yield a material with
species reactive towards both free radical and cationic curing. Functional groups such
as in this example can be utilized to bond surfaces together, such as for example, layers
of PFPE material in laminate molds.

O/>/\€\O~CH;CF50-(—CF.‘,CFZO)—(—CFZO-)CF,—CHZ—O/\CL/\}n\O-CH;CFio-FCcmpzo)_(_szo.)CF;CHz_o/\<\o
o=
3N
o

H

={:c»

IV.J. PFPE diepoxy cured with diamines

[00123] In some embodiments, PFPE diepoxy can be cured with traditional diamines,
including but not limited to, 1,6 hexanediamine; isophorone diamine; 1,2 ethanediamine;
.combinations thereof; and the like. According to some embodiments the diepoxy can be
cured with imidazole compounds including those with the following or related structures
where R1, R2, and R3 can be a hydrogen atom or other alkyl substituents such as
methyl, ethyl, propyl, butyl, fluoroalkyl compounds, combinations thereof, and the like.
According to some embodiments, the imidazole agent is added to the PFPE diepoxy in
concentrations on the order of between about 1 — 25 mol% in relation to the epoxy
content. In some embodiments the PFPE diepoxy containing an imidazole catalyst is the
thermal part of a two cure system, such as described elsewhere herein.

R3

_N__Ns

R1Y

R2
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IV.K. PFPE cured with photoacid generators

[00124] In some embodiments, a PFPE diepoxy can be cured through the use of
photoacid generators (PAGSs). The PAGs are dissolved in the PFPE material in
concentrations ranging from between about 1 to about 5 mol% relative to epoxy groups
and cured by exposure to UV light. Specifically, for example, these photoacid generators
can posses the following structure (Rhodorsil“"‘) 2074 (Rhodia, Inc):

[00125] In other embodiments, the photoacid generator can be, for example, Cyracure™
(Dow Corning) possessing the following structure:
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IV.L. PFPE diol containing a poly(ethylene glycol)

[00126] In some embodiments, commercially available PFPE diols containing a number
of poly(ethylene glycol) units can be used as the material for fabrication of a article, such
as laminate articles. In other embodiments, the commercially available PFPE diol
containing a given number f poly(ethylene glycol) units is used in combination with other
materials disclosed herein. Such materials can be uséful for dissolving the above
described photoinitiators into the PFPE diepoxy and can also be helpful in tuning
mechanical properties of the material as the PFPE diol containing a poly(ethylene
glycol)unit can react with propagating epoxy units and can be incorporated into the final
network.

o o
H/(’ v\)\o-c:Hz—crféo{—CFZCFZO)—(—Con-)CFZ—CH,;o/k\/ \}\H

IV.M. PFPE diols and/or polyols mixed with a PFPE diepoxy

[00127] In further embodiments, commercially available PFPE diols and/or polyols can
be mixed with a PFPE diepoxy compound to tune mechanical properties by incorporating
into the propagating epoxy network during curing.

HO-CHzCF;04-CF,CF ,OH-CF,0JCF5 CH;-OH

HO™ " 0-CH; CF;0-4-CF,CF,0H-CF,09CF 5 CHz 0™ ™0

OH OH
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IV.N. PFPE epoxy-containing a PAG blended with a photoinitiator

[00128] In some embodiments, a PFPE epoxy-containing a PAG can be blended with
between about 1 and about 5 mole% of a free radical photoinitiator such as, for example,
2,2-dimethoxyacetophenone, 1-hydroxy cyclohexyl phenyl ketone,
diethoxyacetophenone, combinations thereof, or the like. These materials, when
blended with a PAG, form reactive cationic species which are the product of oxidation by
the PAG when the free-radical initiators are activated with UV light, as partially described
by Crivello et al. Macromolecules 2005, 38, 3584, which is incorporated herein by
reference in its entirety. Such cationic species can be capable of initiating epoxy
polymerization and/or curing. The use of this method allows the PFPE diepoxy to be
cured at a variety of different wavelengths.

IV.0. PFPE diepoxy containing a photoacid generator and blended with a
PFPE dimethacrylate

[00129] In some embodiments, a PFPE diepoxy material containing a photoacid
generator can be blended with a PFPE dimethacrylate material containing a free radical
photoinitiator and possessing the following structure:

Q

o} 0
)kn‘o\/\N—n—o—CH—CF~O CF,CF,0H—CF. O'—}CF—CH—O-’LN‘é( o o
a 2 2 2 2 2 2
H B H H n-l-o—cks—crro —{cr.croH-cro -}cr:z-cuz—o—ﬂfﬁ'\/oj(“\
o

[00130] The blended material includes a dual cure material which can be cured at one
wavelength, for example, curing the dimethacrylate at 365 nm, and then bonded to other
layers of material through activating the curing of the second diepoxy material at another
wavelength, such as for example 254 nm. [n this manner, multiple layers of patterned
PFPE materials can be bonded and adhered to other substrates such as glass, silicon,
other polymeric materials, combinations thereof, and the like at different stages of
fabrication of an overall article.

IV.P. Other Materials

[00131] According to alternative embodiments, the following materials can be utilized

alone, in connection with other materials disclosed herein, or modified by other materials
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disclosed here and applied to the methods disclosed herein to fabricate the articles
disclosed herein. Moreover, end-groups disclosed herein and disclosed in U.S. patent
nos. 3,810,874; and 4,818,801, each of which is incorporated herein by reference
including all references cited therein.

IV.P.i Diurethane Methacrylate

[00132] In some embodiments, the material is or includes diurethane methacrylate
having a modulus of about 4.0 MPa and is UV curable with the following structure:

CH
1 3
HO-CHy CF;0{-CF,CF,O0H-CF,0CFyCH;OH + HC=C
Mn = 4,000 g/mol ¢=0
?
G
o
NCO
CH, ﬁ ﬁ CH,
Hac—c-ﬁ-o-'CHz-cHz—”—c-o—CH;CFéo{—CFZConHConjCFz—CHz—o—c—m—CHz—CHz—o—ﬁ -G—CH,
o]
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IV.P.ii_Chain-extended diurethane methacrylate

[00133] In some embodiments, the material is or includes a chain extended diurethane
methacrylate, wherein chain extension before end-capping increases molecular weight

between crosslinks, a modulus of approximately 2.0 MPa, and is UV curable, having the
following structure:

) NCO
Ho-Ci0r 04 r Or - PP e O Wd

o]
e e S O e e
n
o
He=C
(o

e}
1

bk
o,

[
NCO

o 0 Q %
)k’orox/\u_Lo_g.{l—urio—(@zcsz())(—@zo-)wfu-ioiﬁ {j\ﬁm—%—%O_(CFQCFQ%CFZO-)CFEW](:LE'\'Ogjk
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IV.P.iii_Diisocyanate

[00134] In some embodiments, the material is typically one component of a two-
component thermally curable system; may be cured by itself through a moisture cure
technique; and has the following structure:

NCO
HO-CH;CF;04-CF,CF,0H-CF,04CF5CH-OH °°N‘<;Z£

o} o
]rjJ—o~cH;CF2-o~(—cr-‘zc:on)—(—Con-)CF;CHz-o—"—ﬁ
oon X Do
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IV.P.iv_Chain extended diisocyanate

[00135] In some embodiments, the material is or includes, one component of a two
component thermally curable system, chain extended by linking several PFPE chains
together; may be cured by itself through a moisture cure; and includes the following

structure:

NCO
HO-CH:CRO1-CF o 01 CF.OYCR- oMy OH w{i

o o
v [o-cerobcrgroHorpierraso-Ly .
OCN\(i bu-—}—go-%—wp{—cac&d—(-cao-)c& CH‘TOJLﬁ 2
NCO
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IV.P.v_Blocked Diisocyanate

[00136] In some embodiments, the material is or includes: one component of a two
component thermally curable system; and includes the following structure;

NCO
HO~=CHzCF;04-CF CF,0H-CF,0CF5-CH;-OH oon d

o o}
H—ﬂ—o-oHé-CFéo(—CFZCFZO)—(-cpzo-)CF,!—CHZ-oJ-H
OCN~<;§ bmco

H

P
N

o o}
H—"——o-CH,;CFz-o{-CFZCFZO)-(-Conach—cH;o—"—H
—=N—O-N N-TO~N=
N TH& b*_{ﬂor N
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IV.P.vi PFPE three-armed triol

[00137] In some embodiments, the material is or includes a PFPE triol as one
component of a two-component thermally curable urethane system; includes the benefits
of being highly miscible with other PFPE compositions; and includes the following

structure:
N NCO
\_\_\_\ ) J//I
g
HO-CH; CF;0{-CF,Cr OH-CROJCFs cryon 07 "N "0
o NCO
(o]
HO-CH CF0-+-CR.CR OH-CF,03cFs oo K N-Lo—crrerot-orcro-Feroiorrason
NJLN
A

g o]
-o—oiorotcreroH-cRoF o

N
H
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IV.P.vii PFPE DiStyrene

[00138] In some embodiments, the material is or includes PFPE distyrene material that
is UV curable, highly chemically stable, is useful in making laminate coatings with other
compositions, and includes the following structure:

HO -CHz CF;04-CF,CF,0H-CF,0CF 5 CH;-OH Cl
/
O-CH;z CF;0+CF,CF,0-+CF,0iCF+CH;0
N —
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IV.P.viii Diepoxy

[00139] In some embodiments, the material can be UV cured; can be thermally cured by
itself using imidazoles; can also be thermally cured in a two-component diamine system;
is highly Chemically stable; and includes the following structure:

HO-CH;y CF;04-CF,,CF,0--CF,0)CFCHyOH + Cl/\<\o

/>/\O-CH2—CFéo(-—CFZCon)—(—Con-)CF; cHyo >

O (o]
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IV.P.ix_Diamine

[00140] In some embodiments, the material can be thermally cured in a two-component
diamine system; has functionality of 6 (3 amines available on each end); is highly
chemically stable; and includes the following structure:

O/>/\o-CH;CFéo+CF20F20)—§-0F2050F;CH;0/\<\0

H, N)é\NH

2 2

H:N/é<.’3/\/\O-CH;CFgo(-CFZConH-ConaCFZ-CHZ—O/\/\ ”)6\;«42

OH OH
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IV.P.x_Thermally cured PU — tetrol

[00141] In some embodiments, the material can be thermally cured in a two-component
system, such as for example mixed in a 2:1 molar ratio at about 100 — about 130
degrees C; forms tough, mechanically stable network; the cured network is slightly
cloudy due to immiscibility of tetrol; and includes the following structure:

0 0
ﬁ-“—o-CH;CF§O+0F2CF20)—(—CFZO')CF;CHZ-O—"—”
OCN bNCO

HO™ 0 CHy CRi0—CF,CF,0-+CFOYCRr CH-0” N oH
OH

OH
Z-Tetrol
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IV.P.xi Thermally Cured PU - triol

[00142] In some embodiments, the material can be thermally cured in a two-component
system, such as for example mixed in a 3:2 molar ratlo at about 100 — about 130
degrees C; forms tough, mechanically stable network; where the cured network is clear
and colorless:; and includes the following structure:

' guﬁ)'——o-owpwgmwpbmﬂﬁgﬁ
N . NCO

o oyeplarEHpKRaroLY (L o-ayompt orgreHrpimrasan

—meowpp)—wm HrOH
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IV.P.xii Thermally Cured Epoxy

[00143] In some embodiments, the material can be thermally cured in a two-component
system), such as for example mixed in a 3:1 molar ratio, at about 100 — about 130
degrees C; forms mechanically stable network; where the cured network is clear and
colorless: has high chemical stability; and includes the following structure:

/>>"0-CHyCF;04-CF,CF,0HCF,09cFcHz0” <)

o 0]

2

H,NJiék,ﬁ/\/\o.cHz—cFéo{—c:FZCFEO)—(—CFzCHCFfGHz—O/\l/\ﬂ h

OH OH
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IV.P.xiii UV-Cured Epoxy

[00144] In some embodiments, the material is a UV curable composition; includes ZDOL
TX used to solubilize PAG; where the cured network is clear and yellow; has high
chemical stability; and includes the following structure:

[>"0-CHzCF;04-CF,CF,0H-CF,0)cFrcH0 >\

6] O

H/(”'O\/\)\o~cH2—CF,~,o+CF2CF20)—(—CF20-)CF5-CH,—0/("\/O \)\H
ZDOL TX

uv 20
minutes

V'

Q

Cl):
O-0-0
X

-

v

Crosslinked PFPE Network
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IV.P.ivx UV = Thermal Dual Cure

[00145] In some embodiments, the material can be mixed in a 2:1 ratio (UV to thermal);
forms cloudy network (tetrol); has a high viscosity; forms a very strong adhesion; has
very good mechanical properties; and includes the following structure:

UV component

o o (o] o
JL,,«OJ‘H-“-o—m;cs;o—(CF,CF,(p(—CF,o-)CF,—CHIO—”-E—(i\ﬁ““o"CW’CFSO-'(CFzCFzQ’(‘CFzO'}CFiCH:]O"Lﬁ'\’O\é)k
Q n

Thermal Component

o 0
ﬂ-“———O-CH;CFio'(-CFZCon)—(—Con-)CF;CH;O—“—H
OCN NCO

HO/Y\O-CH;CFQO—-CFZCFZO—(—CF,O')CF;CH;O/\Of\OH

OH
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IV.P.xv_Orthogonal Cure with triol

[00146] In some embodiments, the material can be mixed in a 2:1 ratio (UV to thermal);
forms clear and colorless network; has a high viscosity; forms very strong adhesion;
includes very good mechanical properties; and includes the following structure:

UV component

0] (o] o] . o] fo)
J\gowﬁJ'-O—CPQ—CF._;O—(CF,CF@(—C&O—)CF;—CH{O-‘LE‘i\ ﬁ‘"‘o"%‘CFz'O—(CFzCFz‘N-CFzO')CFzCHzt“‘Lu'\' gﬂ\

o 0
ﬂJ’-——O-CH;CFio-(—CF,CF,O)—(-CF,O-)CF;CH;O—“—ﬁ
ocN NCO

o
] H
MO -Gy CF30-4-CF0F 0k CF10JoF s oLk ALl —chycri0 £-cF,0F,0H-CF,0CF s CH-on
\_\_\_\ o /
A

N N
DJ\N&O
Thermal Component

o
SJLO—cn,-cF;o-(-CF,CF,o)—(-cF,o-}cr,— CHyOH
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IV.P.xvi UV Orthogonol System

[00147] In some embodiments, the material includes ZDOL-TX, which can be mixed in a
1:1 ratio (epoxy to methacrylate), forms clear and yellow network; has strong adhesion
properties; has good mechanical properties; and includes the following structure:

o]} o o] o
)HoxﬁﬁJLo-CHrcs,-o—(cx:,c;:,(p(-c&o-)ca-m{oﬂ—u{i\ﬁ“‘LO—CHrCFz'O-{CFZC&C)J(-CFzO‘)CFs%}OLu’\’OfI\
o n

O/>/\ OC*‘H"CFiO{'CFz(:on)'('Con')CFz' CHz"O/\<\

(o]
H/(" 0\,/\)\0mz-cséo{-cszwzo)—(-wzojwz—a-i;o/{’\/c’\)\}a

Sagesled
>
o
)
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IV.P.xvii UV with Epoxy Dual Cure

[00148] In some embodiments, the material forms slightly yellow network; includes a
ratio (2:1 UV to thermal); has good mechanical properties; good adhesion; is highly
chemical stability; and includes the following structure:

o o Q. 9 °*nJ\
)Lgo\/\u-”-O—CH;CFiO—(CFZCF,()JPCFZO-)CF;CHlo-J‘—u/q\ N--o-ch; CF:0“(CF;CF2¢’(—°F20')CF5CHﬂ:Lﬁ'\’ X

>~ 0-cHsCRyo-Hcr CF,oH-CF0 0k ey 0™ )

Q O

H#’é<‘p,/\,/\o-cn,—c&o{-cgcgo)—{-CF,O-)CF;CH;O/\C:\ N N,

OH
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IV.P.xviii_Orthogonal with diisocyanate

[00149] In some embodiments, the material is one component thermal component
(Isocyanate reacts with urethane linkage on urethane dimethacrylate); has good
mechanical properties; forms a strong adhesion; cures to clear, slightly yellow network;
and includes the following structure;

n

0 fo] o] o] o
)%gox/‘n-ll-o-ug—cr-‘,-o—(CFZCquchF,o-)cF;QA.[oiLW(i\ QLO-C*&‘CFEO—(C&C%N—C&O'}CF:'%]OJL,‘:}'\’ fk

o o)
N-—0-CH:CFj0 (—cr-',cr,o)—(—cs,o}cf:,—cﬂ,-o-&u
‘oen-{ ; : »NCo
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[00150] The patents, patent applications and other publications referenced above

are hereby incorporated by reference.

V. EXAMPLES
Example 1: PFPE replicate of Cow subclavian artery

The aorta and branches were surgically removed from a cow’s heart obtained
from a butcher and stored under refrigeration. A 1-2” length section having 1"
diameter of a subclavian artery was cut on crosssection and cleaned with DI
water (See Figure 3A). The casting resin, polydimethylsiloxane (PDMS) was
prepared by weighing out 182 g of the elastomer base, adding 18 g of the curing
component, and mixing in a Thinky brand mixer for 2 minutes in the mixing stage
and 1 minute in the d efoaming stage. The uncured PDMS w as poured into a
plastic container where the artery section was suspended, completely covering
the artery. The PDMS was degassed in a vacuum oven for 30 minutes, then
cured at 75 °C for 30 minutes. The plastic container was removed from the oven,
allowed to cool, and the plastic removed from the cured PDMS. The casting
resin was sliced such that the end of the artery was exposed, and the artery was
removed with tweezers leaving a PDMS mold of the artery. The mold was rinsed
and dried (see Figure 3B). A PFPE replicate is generated by pouring PFPE-
dimethacrylate (PFPE-DMA) containing 2,2-diethoxyacetophenone into the cavity

- of the PDMS. The PDMS block is placed in a curing chamber where it is purged
with nitrogen for 8 minutes, then cured under 365 nm UV light for 4 minutes. The
PDMS is peeled away from the PFPE, leaving a cast replicate of the original
artery (see Figure 3C). The artery and replicate are examined with optical
microscopy to confirm precise replication.

Example 2: Molding the interior of coronary arteries

1 inch long sections of coronary arteries with surrounding tissue are dissected

from a cows heart. The end of the artery is sealed, and PFPE-dimethacrylate
1-PH/2560142.1 66
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(PFPE-DMA) containing 2,2-diethoxyacetophenone is injected into the open end
of the artery. The two artery sections are placed in a curing chamber and cured
for 4 minutes under 365 nm light with a light nitrogen purge. The sections are
removed from the chamber, photographed (see Figure 4), and the PFPE plugs
are gently removed from the interior of the arteries, revealing a tube-like PFPE
structure with a surface identical to that of the artery. Fidelity of the surface

replication is confirmed with microscopy.
Example 3: Replication of the interior of a pulmonary vein

A 1.5" x 1.5" section of a pulmonary vein was cut from a cows heart, rinsed with
DI water, and dried with compressed air. PFPE-dimethacrylate (PFPE-DMA)
containing 2,2-diethoxyacetophenone is coated onto the interior vein surface and
placed in a curing chamber. The section is cured for 4 minutes under 365 nm
light with a light nitrogen purge. The vein is removed from the UV oven, and the
cured PFPE is carefully peeled from the surface. Optical microscopy confirms
replication of surface features.

Example 4: PFPE replicate of heart muscle surface

A 1.5” X 1.5” section of a chamber of the heart was cut from a cows heart, rinsed
with DI water, and dried with compressed air. PFPE-dimethacrylate (PFPE-DMA)
containing 2,2-diethoxyacetophenone is coated onto the chamber wall surface
and placed in a curing chamber. The section is cured for 4 minutes under 365
nm light with a light nitrogen purge. The muscle is removed from the UV oven,
and the cured PFPE is carefully peeled from the surface. Optical microscopy
confirms replication of surface features (see Figure 5).

Example 5. Replication of blood vessels in the liver

A pigs liver is sectioned into 1 inch slices containing cross sections of blood
vessels raging in diameter from 0.5to 2 cm. The sections are rinsed with DI
water, and dried with compressed air. One end of the vessels are sealed, and
PFPE-dimethacrylate (PFPE-DMA) containing 2,2-diethoxyacetophenone is
injected into the vessels. The sections are placed in a curing chamber and cured
for 4 minutes under 365 nm light with a light nitrogen purge. The sections are
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removed from the UV oven and photographed (see Figure 6). The cured PFPE is
carefully separated from the interior of the vessels and pulled out with tweezers.
Optical microscopy confirms replication of surface features.

Example 6. Synthetic replication of adenovirus particles using PRINT
technology

A template, or “master,” for perfluoropolyether-dimethacrylate (PFPE-DMA) mold
fabrication is generated by dispersing adenovirus particles on a silicon wafer.
This master can be used to template a p atterned mold by pouring PFPE-DMA
containing 1-hydroxycyclohexyl phenyl ketone over the patterned area of the
master. A poly(dimethylsiloxane) mold is used to confine the liquid PFPE-DMA to
the desired area. The apparatus is then subjected to UV light (A = 365 nm) for 10
minutes while under a nitrogen purge. The fully cured PFPE-DMA mold is then
released from the master. Separately, TMPTA is blended with 1 wt% of a
photoinitiator, 1-hydroxycyclohexyl phenyl ketone. Flat, uniform, non-wetting
surfaces are generated by treating a silicon wafer cleaned with “piranha” solution
(1:1 concentrated sulfuric acid: 30% hydrogen peroxide (aq) solution) with
trichloro(1H, 1H, 2H, 2H-perfluorooctyl) silane via vapor deposition in a
desiccator for 20 minutes. Following this, 50 pL of TMPTA is then placed on the
treated silicon wafer and the patterned PFPE mold placed on top of it. The
substrate is then placed in a molding apparatus and a small pressure is applied
to push out excess TMPTA. The entire apparatus is then subjected to UV light (A
= 365 nm) for ten minutes while under a nitrogen purge. Synthetic virus
replicates are observed after separation of the PFPE mold and the treated silicon
wafer using scanning electron microscopy (SEM) or transmission electron
microscopy (TEM). See Figure 7.

Example 7 Synthetic replication of earthworm hemoglobin protein using PRINT
technology

A template, or “master,” for perfluoropolyether-dimethacrylate (PFPE-DMA) mold
fabrication is generated by dispersing earthworm hemoglobin protein on a silicon
wafer. This master can be used to template a patterned mold by pouring PFPE-
DMA containing 1 -hydroxycyclohexy! p henyl ketone over the patterned area of
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the master. A poly(dimethylsiloxane) mold is used to confine the liquid PFPE-
DMA to the desired area. The apparatus is then subjected to UV light (A = 365
nm) for 10 minutes while under a nitrogen purge. The fully cured PFPE-DMA
mold is then released from the master. Separately, TMPTA is blended with 1
wt% of a photoinitiator, 1-hydroxycyclohexyl phenyl ketone. Flat, uniform, non-
wetting surfaces are generated by treating a silicon wafer cleaned with “piranha”
solution (1:1 concentrated sulfuric acid: 30% hydrogen peroxide (aq) solution)
with trichloro(1H, 1H, 2H, 2H-perfluorooctyl) silane via vapor deposition in a
desiccator for 20 minutes. Following this, 50 uL of TMPTA is then placed on the
treated silicon wafer and the patterned PFPE mold placed on top of it. The
substrate is then placed in a molding apparatus and a small pressure is applied
to push out excess TMPTA. The entire apparatus is then subjected to UV light (A
= 365 nm) for ten minutes while under a nitrogen purge. Synthetic protein
replicates are observed after separation of the PFPE mold and the treated silicon
wafer using scanning electron microscopy (SEM) or transmission electron
microscopy (TEM).

Example 8. Fabrication of a perfluoropolyether-dimethacrylate (PFPE-DMA)
mold and replicate from a template generated from block-copolymer micelles

A template, or “master,” for perfluoropolyether-dimethacrylate (PFPE-DMA) mold
fabrication is generated by dispersing polystyrene-polyisoprene block copolymer
micelles on a freshly-cleaved mica surface. Depending on the block-copolymer
composition, self-assembly of PS-b-Pl in heptane (a selective solvent for the PI
block) results in micelles with well-defined shapes, including spherical, cylindrical,
and toroidal micelles, as shown in Figure 8. This master can be used to template
a patterned mold by pouring PFPE-DMA containing 1-hydroxycyclohexyl phenyl
ketone over the patterned area of the master. A poly(dimethylsiloxane) mold is
used to confine the liquid PFPE-DMA to the desired area. The apparatus is then
subjected to UV light (A = 365 nm) for 10 minutes while under a nitrogen purge.
The fully cured PFPE-DMA mold is then released from the master. The
morphology of the mold can then be confirmed using Atomic Force Microscopy,

and shown in detail in Figure 8.
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Example 9. Fabrication of a perfluoropolyether-dimethacrylate (PFPE-DMA)
mold from a template generated from carbon nanotubes

A template, or “master,” for perfiuoropolyether-dimethacrylate (PFPE-DMA) mold
fabrication is generated by dispersing or growing carbon nanotubes on a silicon
oxide wafer. This master can be used to template a patterned mold by pouring
PFPE-DMA containing 1-hydroxycyclohexyl phenyl ketone over the patterned
area of the master. A poly(dimethylsiloxane) mold is used to confine the liquid
PFPE-DMA to the desired area. The apparatus is then subjected to UV light (A =
365 nm) for 10 minutes while under a nitrogen purge. The fully cured PFPE-DMA
mold is then released from the master. The morphology of the mold can then be
confirmed using Atomic Force Microscopy. Any residual material on the mold
was removed by washing with water and isopropanol and/or lightly scrubbing the
surface of the mold with an isopropanol-saturated or water-saturated cotton
swab. Resultant molds were used to generate replicas by pressing the mold
gently against a solution of triacrylate resin/2% DMPA, followed by
photopolymerization under a blanket of nitrogen using 365 nm radiation to
produce sub-100 nm thick replica films. Figure 9 shows a carbon nanoctube
master composed of single-wall (diameter ~ 1 nm) and multi-wall (diameter ~ 2-
5nm) nanotubes and replicas produced from 1 and 4 kDa PFPE precursors. The
replication fidelity is superior for the 1 kDa P FPE precursor than for the 4 kDa
precursor due to the lower molecular weight between crosslinks (mesh size). This
finding is similar to line edge roughness issues encountered as a function of
molecular weight in photolithography. AIll AFM images of the replicas were
obtained on a DI Nanoscope Ili/Multimode AFM operating in tapping mode.
Multiple independent structures were imaged and measured using Nanoscope
software to obtain statistics on the sizes of objects on the master and replica film
(micelles: n= 30; adenovirus particles: n=15: carbon nanctubes: n=10)
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We Claim:
1. A medical device, comprising:

a medical article having a textured surface comprising a predetermined
nanostructure, wherein the nanostructure is less than about 500 nanometers in a

broadest.dimension.

2. The medical device of claim 1, wherein the predetermined nanostructure of
the medical article is positioned on a biological tissue engaging surface of the
medical article.

3. The medical device of claim 1, wherein the predetermined nanostructure
comprises a plurality of repetitive nanostructures.

4. The medical device of claim 1, wherein the medical article includes a tissue
penetrating device and the predetermined nanostructure is positioned on a skin
engaging surface of the tissue penetrating device.

5. The medical device of claim 1, wherein the medical article includes a needle
and the predetermined nanostructure is positioned on a skin engaging surface of

the needle.

6. The medical device of claim 1, wherein the p redetermined nanostructure is

less than about 250 nanometers in a largest dimension.

7. The medical device of claim 1, wherein the p redetermined nanostructure is

less than about 100 nanometers in a largest dimension.

8. The medical device of claim 1, wherein the predetermined nanostructure is
less than about 75 nanometers in a largest dimension.

9. The medical device of claim 1, wherein the p redetermined nanostructure is
less than about 50 nanometers in a largest dimension.

10. A medical device, comprising;
a medical article having a biological tissue contacting portion;

a polymer coating on a portion of the biological tissue contacting portion
of the medical article; and
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a predetermined nanostructure on a portion of the polymer coating that
communicates with the biological tissue, wherein the predetermined
nanostructure is less than 500 nanometers in a largest dimension.

11. The medical d evice of claim 10, wherein the predetermined n anostructure
comprises a plurality of repetitive nanostructures.

12, The medical device of claim 10, wherein the polymer comprises
perfluoropolyether.

13. The medical device of claim 10, wherein the predetermined nanostructure is
less than about 250 nanometers in a largest dimension.

14. The medical device of claim 10, wherein the predetermined nanostructure is .
less than about 100 nanometers in a largest dimension.

15. The medical device of claim 10, wherein the predetermined nanostructure is
less than about 75 nanometers in a largest dimension.

16. The medical device of claim 10, wherein the predetermined nanostructure is
less than about 50 nanometers in a largest dimension.

17. The medical device of claim 10, wherein the polymer includes a dual cure

polymer.
18. A medical implant, comprising:

an artificial biological component, wherein the artificial biological
component comprises a textured tissue engaging surface, and wherein the
textured tissue engaging surface comprises a predetermined nanostructure
having a maximum cross-sectional dimension less than about 500 nanometers in

diameter.

19. The medical implant of claim 18, wherein the predetermined nanostructure
comprises a plurality of repetitive nanostructures.

20. The medical implant of claim 19, wherein the plurality of repetitive

nanostructures are substantially identical three dimensional structures.

21. The medical implant of claim 18, wherein the artificial biological component

comprises perfluoropolyether.
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22. The medical implant of claim 18, wherein the artificial biological component is
at least partially coated with perfluoropolyether. '

23. The medical implant of claim 18, wherein the predetermined nanostructure is
less than about 250 nanometers in a largest dimension.

24. The medical implant of claim 18, wherein the predetermined nanostructure is

less than about 100 nanometers in a largest dimension.

25. The medical implant of claim 18, wherein the predetermined nanostructure is
less than about 75 nanometers in a largest dimension.

26. The medical implant of claim 18, wherein the predetermined nanostructure is

less than about 50 nanometers in a largest dimension.

27. The medical implant of claim 18, wherein the artificial biological component is
selected from the group consisting of an artery, a vein, muscle tissue, liver tissue,
lung tissue, kidney tissue, stomach tissue, nerve tissue, ocular tissue, a bone,
and an articular joint surface.

28. The medical implant of claim 18, wherein the predetermined nanostructure

comprises a surface structure replicated from a biological tissue surface.

29. The medical implant of claim 28, wherein the replicated biological tissue

surface comprises vascular tissue.

30. The medical implant of claim 28, wherein the replicated biological tissue

surface comprises lung tissue.

31. The medical implant of claim 28, wherein the replicated biological tissue

surface comprises muscle tissue.

32. The medical implant of claim 28, wherein the replicated biological tissue

surface comprises bone tissue.

33. The medical implant of claim 28, wherein the replicated biological tissue
surface comprises articular joint tissue.

34. The medical implant of claim 28, wherein the replicated biological tissue

surface comprises nerve tissue.
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35. The medical implant of claim 28, wherein the replicated biological tissue
surface is selected from the group consisting of kidney tissue, liver tissue,
stomach tissue, and intestine tissue.

36. A method of medical treatment, comprising:

texturing a patient engaging portion of a medical article with a
nanostructure, w herein the nanostructure i ncludes three dimensional structures
having a size less than about 500 nanometers in a broadest dimension; and

penetrating tissue with the textured medical article.
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