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[0001]

[0002]

[0003]

ANTI-SCALPING PHARMACEUTICAL PACKAGING FILM

FIELD

The present application relates generally to packaging suitable for packaging an
article for collecting or administering a physiologically active substance such as

transdermal drug delivery patches.

TECHNICAL BACKGROUND

Pharmaceuticals such as the drugs fentanyl and nicotine are often administered
through the use of transdermal patches which are applied to a patient's skin to permit
drug delivery over time by absorption. Prior to application of a drug containing patch,
the patch is packaged in a pouch which is designed to be opened to permit access to
the patch by the patient or caregiver for application to a patient's skin. Suitable
packaging for transdermal patches should contain the patch and its drug within the
package whilc protecting the patch from contamination and dclcterious cffects from
the external environment. Thus, articles such as a pouch may hold a transdermal patch
to protect the patch and its drug contents from contact or exposure to unwanted
materials such as microbes, insects, air, moisture, sunlight, etc. The container is

typically sealed e.g. by a heat seal to provide a hermetic barrier.

The materials used in constructing transdermal patch packaging and especially the
patch contact package interior surface layer should resist migration of chemicals
between the patch and the package materials. Such migration of the drug or patch

t

components from the patch to the package structure is referred to as "scalping”. A
common material employed for transdermal patch package interior surface layers that
prevents scalping is polyacrylonitrile which is often sold under the Barex® trademark
by Incos AG. While Barex® has superb antiscalping properties it is very expensive,
has poor tear properties that make pouch opening difficult, and has limited availability

which creates supply chain risk. Other polymers used in transdermal patch packaging
-1-
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[0004]

[0005]

[0006]

as a surface contact layer include polyester. Polyester suffers from the disadvantage of
being less resistant to scalping of certain chemicals than desired and its tear properties
are also less than desired. Accordingly, there is a need for a more cost efficient
packaging matcrial for containing articles for collecting or administering a

physiologically active substance such as transdermal drug delivery patches.

Fluoropolymers could potentially be suitable for contact with pharmacological or
physiological substances because fluoropolymers such as
poly(chlorotrifluorocthylenc) (PCTFE) and polyvinylidine fluoride (PVDF) arc
considered to be chemically resistant. However, fluoropolymers, while being
relatively chemically inert, may not serve as effective barriers for resisting migration
of physiologically active substances. For example, U.S. Patent No. 5,268,209 states
that PVDF and chlorotrifluoroethylene (CTFE) are ineffective nicotine barriers. In
particular, U.S. Patent No. 5,268,209 illustrates that PVDF allows considerably more

migration of nicotine than Barex®.

BRIEF SUMMARY

This disclosure, among other things, relates to films for packaging products
containing a pharmaceutical active agent. The films resist migration of chemicals,
such as pharmacological active agents or excipients, between the product and the film.

Thus, the films are anti-scalping films.

The product-contacting layers of the films described herein include a copolymer
comprising chlorotrifluoroethyl units and 1,1 difluoroethyl wunits (referred to
hereinafter as a “CTFE-VDF copolymer”). CTFE-VDF copolymers may be formed
by, for example, copolymerizing CTFE and vinylidine fluoride (VDF) monomers.
CTFE-VDF copolymer layers are shown herein to resist migration of nicotine.
Because CTFE and PVDF were previously determined to be ineffective nicotine
barriers (see U.S. Patent No. 5,286,209), effective resistance to nicotine migration by

a CTFE-VDF copolymer as described herein was unexpected.
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[0007]

[0008]

[0009]

[0010]

[0011]

[0012]

[0013]

[0014]

[0015]

Product- contacting CTFE-VDF copolymer layers are described herein to also have

effective antiscalping properties with regard to lidocaine and acetylfentanyl.

It is believed that the CFTE-VDF copolymers described herein may also be anti-
scalping with regard to other pharmacological agents. By way of example, CFTE-
VDF copolymers described herein can be used as product contacting layers when the
product includes one or more of nicotine, fentanyl, estradiol, clonidine, ethinyl
estradiol, oxybutynin, buprenorphine, granisetron, methylphenidate, and scopolamine

or when onc or morc of these agents arc associated with a volatile carricr.

In various embodiments, a CTFE-VDF copolymer described herein comprises from

about 0.1 mol% to about 20 mol% 1,1-difluoroethyl units.
Preferably, the product-contacting copolymer layers are scaling layers.

In various embodiments described herein, a film for packaging a nicotine-containing
product includes a product-contacting sealing layer comprising at least 90 wt. % of a

chlorotrifluoroethylene (CTFE)-vinylidene fluoride (VDF) copolymer.

In various embodiments described herein, a film for packaging a pharmaceutical
active agent-containing product includes a product-contacting sealing layer
comprising at least 90 wt. % of a chlorotrifluoroethylene (CTFE)-vinylidene fluoride
(VDF) copolymer. The pharmaceutical active agent can be, for example, one or more
of fentanyl, lidocaine, estradiol, clonidine, e¢thinyl estradiol, oxybutynin,

buprenorphine, granisetron, methylphenidate, and scopolamine.

In some embodiments, a CTFE-VDF copolymer comprises at least 80 mol%

chlorotrifluoroethyl units and at least 1 mol% 1,1-dilfuoroethyl units.

In some embodiments, a CFTE-VDF copolymer of a film described herein has a glass

transition temperature in a range from 40 °C to 70 °C.

In some embodiments, the product-contacting sealing layer of a film described herein
comprises at least 95 wt. % of the CTFE-VDF copolymer or consists essentially of the
CTFE-VDF copolymer.
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[0016]

[0017]

[0018]

[0019]

[0020]

[0021]

It is to be understood that both the foregoing general description and the following
detailed description present embodiments of the subject matter of the present
disclosure, and are intended to provide an overview or framework for understanding
the naturc and charactcr of the subjcct matter of the present disclosurc as it is claimed.
The accompanying drawings are included to provide a further understanding of the
subject matter of the present disclosure, and are incorporated into and constitute a part
of this specification. The drawings illustrate various embodiments of the subject
matter of the present disclosure and together with the description serve to explain the
principles and operations of the subject matter of the present disclosure. Additionally,
the drawings and descriptions are meant to be merely illustrative, and are not intended

to limit the scope of the claims in any manner.

BRIEF DESCRIPTION OF THE DRAWINGS

The following detailed description of specific embodiments of the present disclosure
can be best understood when read in conjunction with the following drawings, where

like structure is indicated with like reference numerals and in which:

FIG. 1 is a schematic cross-sectional view of a multilayer film in accordance with

embodiments presented herein; and

F1G. 2 is a schcmatic cross-scctional view of a multilayer film in accordance with

embodiments presented herein; and

FIG. 3 is a schematic view of a packaged product in accordance with embodiments

presented herein.

The schematic drawings are not necessarily to scale. Like numbers used in the figures
refer to like components. However, it will be understood that the use of a number to
refer to a component in a given figure is not intended to limit the component in
another figure labeled with the same number. In addition, the use of different
numbers to refer to components is not intended to indicate that the different numbered
componcnts cannot be the samc or similar to other numbered componcents.

_4-
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[0022]

[0023]

[0024]

[0025]

DETAILED DESCRIPTION

Reference will now be made in greater detail to various embodiments of the subject
matter of the present disclosure, some embodiments of which are illustrated in the

accompanying drawings.

The present disclosure relates to, among other things, films for packaging products
containing a pharmaceutical active agent. The films resist migration of chemicals,
such as pharmacological active agents or excipients, between the product and the film.
Thus, the films are anti-scalping films. In a packaged product, the anti-scalping layer
can be in contact with the pharmaceutical active agent. As used herein, “in contact
with the pharmaceutical active agent,” in the context of a layer of a film, means that
under typical storage conditions some portion of the active agent will contact the
layer. The active agent may be in direct contact with the product contacting layer or
may be in indirect contact with the layer. Indirect contact between the active agent
and the product contacting layer can occur, for example, due to volatilization of the
active agent or an active agent carrier within the package to cause the active agent,
which is not stored in direct contact with the product contacting layer, to contact the
layer. However, even if the active agent is not in contact with the sealing layer, it
may be desirable for the sealing layer to be anti-scalping to provide assurance that if
an active agent accidentally became exposed to the sealing layer, the sealing layer

would not substantially scalp the active agent.
Product Contact Layer

The films described herein have a product contact layer containing a CFTE-VDF
copolymer. As used herein a CFTE-VDF copolymer is a polymer that comprises

chlorofluoroethyl units and 1,1-difluoroethyl units. For the purposes of the present

disclosure a “chlorofluoroethyl unit” is , and a 1,1-difluoroethyl unit is
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<. Such CTFE-VDF copolymcr laycrs arc shown hercin to resist migration

of nicotine. Because CTFE and PVDF were previously determined to be ineffective
nicotine barriers (see U.S. Patent No. 5,286,209), effective resistance to nicotine

migration by a CTFE-VDF copolymer as described herein was unexpected.

[0026] It is believed that the CFTE-VDF copolymers described herein may also be anti-
scalping with regard to other pharmacological agents. By way of example, CFTE-
VDF copolymers described herein can be used as product contacting layers when the
product includes one or more of nicotine, fentanyl, acetylfentanyl, lidocaine,
estradiol, clonidine, ethinyl estradiol, oxybutynin, buprenorphine, granisetron,
methylphenidate, and scopolamine or when one or more of these agents are associated

with a volatilc carricr.

[0027] In some embodiments, CFTE-VDF copolymers described herein can be used as
product contacting layers when the product includes one or more of nicotine,
acetylfentanyl, and lidocaine. In addition to resisting migration of nicotine, CTFE-
VDF copolymer laycrs arc shown hercin to rcsist migration of acctylfentanyl and

lidocaine.

[0028] In various embodiments, the CFTE-VDF copolymer of the product-contacting sealing
layer comprises at least 80 mol% chlorotrifluoroethyl units and at least 1 mol% 1,1-
difluorocthyl units. The CTFE-VDF copolymer can, in some embodiments, comprise
from about 80 mol% to about 99.9 mol% chlorotrifluoroethyl units. The CTFE-VDF
copolymer can, in some embodiments, comprise from about 1 mol% to about 20
mol% 1,1-difluoroethyl units. In some embodiments, a CTFE-VDF copolymer
comprises from about 1 mol% to about 15 mol% 1,1-difluoroethyl units, such as from
about 1 mol% to about 10 mol% or from about 1 mol% to about 5 mol%. In some
embodiments, a CTFE-VDF copolymer comprises from about 2 mol% to about 4

mol% 1,1-difluoroethyl units. In some embodiments, the CTFE-VDF copolymer
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[0029]

[0030]

[0031]

[0032]

consists essentially of, or consists of, chlorotrifluoroethyl units and 1,1-difluoroethyl

units.

CTFE-VDF copolymers can be formed in any suitable manner. For example, CFTE-
VDF copolymer can be formed by copolymerizing CTFE and VDF monomers, in an
appropriate molar or weight ratio, can be formed by grafting compounds comprising
1,1-difluoroethyl units to a CTFE polymer, or the like. In some embodiments, the
CTFE-VDF copolymers can be made as described in U.S. Patent Application
Publication No. 2007/0128393, cntitled HEAT SEALABLE PCTFE FILM AND
TUBING USING HIGH VF2 CONTAINING COPOLYMERS OF CTFE/VF2,
published on June 7, 2007 or U.S. Patent Application Publication No. 2013/0184422,
entitled PROCESS, PROPERTIES, AND APPLICATIONS OF GRAFT
COPOLYMERS, published on July 18, 2013, which published patent applications are
hereby incorporated herein by reference in their respective entireties to the extent that

they do not conflict with the disclosure presented herein.

Without intending to be bound by theory, it is believed that increased mole
percentages of 1,1-difluoroethyl units in a CTFE-VDF copolymer will increase
secalability of the copolymer but will decrease the antiscalping properties of the
copolymcr. The ranges of molc percent provided above reflect ranges that arc
believed to provide both suitable sealability, such as heat sealable in a temperature
range of from about 300°F to about 450°F or about 145°C to about 235°C, and suitable

barrier properties, such as antiscalping properties.

Examplcs of CTFE-VDF copolymer films that arc particularly suitable for usc as
product-contacting sealing layers in some embodiments include PFX-14-12 (1.5 mil)
and PFX 14-13 (3.0 mil) produced by Honeywell International, Inc. (Morristown, NJ).
PFX-14-12 and PFX 14-13 are development numbers.

Any suitablc proccss can bc uscd to scal packaging having product-contacting
copolymer layers described herein. For example, the product contacting layers, in
some embodiments, can be sealed using ultrasonic sealing techniques as generally
known in the art. In some embodiments, one or more strips of a cold sealing coating
can be applied to the product-contacting layers. However, the entire product-

-7-
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[0033]

[0034]

[0035]

contacting layer cannot be coated with a cold sealing coating, because the product-
contacting layer would not be available for contact with the packaged product.
Because the packaged product may contact cold seal material even if the cold seal
coating i1s limitcd to rcgions of thc scal, cold scaling is gencrally not preferred.

Preferably, the product contacting layers are heat sealed.

Accordingly, the product-contacting copolymer layers described herein are preferably
heat sealable. That is, the layers are preferably capable of fusion bonding by
conventional indircct hcating which gencrates sufficient hcat on at lcast onc film
contact surface for conduction to the contiguous film contact surface and formation of
a bond interface thercbetween without loss of the film integrity. The bond interface
between contiguous inner layers preferably has sufficient physical strength to
withstand the packaging process and subsequent handling. Advantageously, the bond
interface is preferably sufficiently thermally stable to prevent gas or liquid leakage
therethrough when exposed to above or below ambient temperatures e.g. during one

or more of the following: packaging operations, storage, handling, and transport.

In some embodiments, a CTFE-VDF copolymer of a product-contacting sealing layer
has a glass transition temperature of about 100 °C or less, such as about 80 °C or less,
or 70 °C or lcss. The copolymer, in various cmbodiments, has a glass transition
temperature of about 20 °C or more. In some embodiments, the copolymer has a glass
transition temperature in a range from about 40 °C to about 70 °C, such as from about
50 °C to about 60 °C. PFX-14-12 and PFX 14-13, CTFE-VDF copolymer films
produced by Honeywell International, Inc. (Morristown, NJ), have glass transition

tecmpceraturcs of about 55 °C.

In some embodiments, a product-contacting layer includes one or more of the
following properties: a melting point of about 170 °C; a dimensional stability as
determined by ASTM D1240 of +8% or more in the machine direction; a tensile
strength as determined by ASTM D882 in the machine direction of from about 60 to
about 75 MPa and in the transverse direction of from about 40 to about 50 MPa; and
clongation as determined by ASTM D&g8&2 in the machine direction of about 150% and

in the transverse direction of about 250%; a modulus (secant) as determined by

8-
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[0036]

[0037]

[0038]

[0039]

[0040]

ASTM D&82 of from about 1050 to about 1200 MPa in the machine direction and
from about 1000 to about 1150 MPa in the transverse direction; and a water vapor
transmission rate (WVTR) as determined by ASTM F1249 of from about (.01 to
about 0.04 g/100 squarc inchcs per 24 hours arc 37.8 °C, 100% rclative humidity, and

one atmosphere.

It will be understood that some of the aforementioned properties can be affected by
the thickness of the product-contacting layer, which can be of any suitable thickness.
For cxamplc, the thickncss of a product-contacting laycr may advantagcously be Icss
than about 0.45 mil (10.16 microns) and greater than about 0.05 mil (1.27 microns),
including 0.10, 0.15, 0.20, 0.25, 0.30, 0.40, or 0.45 mil thick.

In various embodiments, the product-contacting layer comprises at least 90 wt.% of a
CTFE-VDF copolymer, more preferably at least 95 wt. %, and most preferably about
100 wt. %. A CTFE-VDF copolymer be blended with up to 10 wt. %, preferably up
to 5 wt. % and more preferably up to 2.5 wt.% of compatible polymers, colorants,
processing aids and the like. Use of these polymers and components in a blend with
the CTFE-VDF copolymer may undesirable affect the anti-scalping properties of this
layer and addition of amounts above 10 wt.% may be unacceptable for many
applications of thc film for packaging drugs or drug articlcs such as transdcrmal

patches e.g. nicotine patches or fentanyl patches.

Films and packaging described herein may include one or more additional optional
layers, such as one or more barrier layers, an outer layer which can be an abuse-
resistant outer laycr, onc or morc intermcediate laycrs, which may include onc or morc

tie layers.
Barrier Layer

If included, a barricr laycr preferably functions both as a gas barricr laycer, and as a
moisture barrier layer, although these functions may be provided by separate layers. A
gas barrier layer is preferably an oxygen barrier layer, and is preferably a core layer

positioned between and protected by surface layers. For example, an oxygen barrier
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[0041]

[0042]

layer can be in contact with a first surface layer and an adhesive layer or may be

sandwiched between two tie layers and/or two surface layers.

An oxygen barrier is preferably selected to provide an oxygen permeability
sufficiently diminished to protect the packaged article from undesirable deterioration
or oxidative processes. For example, a film may comprise an oxygen barrier having
an oxygen permeability that is low enough to prevent oxidation of oxygen sensitive
articles and substances to be packaged in the film e.g. oxygen sensitive articles such
as transdcrmal patches c.g. nicotine or fentanyl patches or oxygen scnsitive collection
samples such as blood which may be collected e.g. in a microcassette device.
Preferably a multilayer packaging film in accordance with the present invention will
have an oxygen barrier of less than or equal to 10 cm’/100 inches’/24 hours at 1
atmosphere and 23° C, more preferably less than 0.016 cm’/m” per 24 hours at 1
atmosphere. To protect oxygen sensitive articles from deterioration from oxygen
contact over time the films according to the present invention will have a preferred
oxygen transmission rate (O,TR) of less than 1, preferably less than 0.1, more
preferably less than 0.01, and most preferably less than 0.001 g/100 inches’ at 24
hours at Room Temperature(RT) (~23°C) and 1 atmosphere (<0.001 g/m” at 24 hours
at Room Temperature(RT) (~23°C)) and 1 atmosphere).

A moisture barrier is preferably selected to provide a moisture permeability
sufficiently diminished to protect the packaged article from undesirable deterioration.
For example, a film may comprise a water barrier having a moisture permeability that
is low enough to prevent deleterious effects upon packaged articles such as
transdcrmal drug patches or othcr moisturc scnsitive products. A prcferred film
according to various embodiments will have a water or moisture transmission rate
(WVTR) of less than 0.01 g/100 inches” per 24 hours at Room Temperature (RT)
(23°C) and 1 atmosphere. In some embodiments, a film has a WVTR of less than
0.01g/100 inches” per 24 hours at Room Temperature (RT) (23°C) and 1 atmosphere,
or less than 0.001g/100 inches® per 24 hours at Room Temperature (RT) (23°C) and 1

atmosphecre.

-10 -
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[0043]

[0044]

[0045]

A barrier layer can comprise any suitable material. An oxygen barrier layer can
comprise EVOH, polyvinylidene chloride, polyamide, polyester, polyalkylene
carbonate, polyacrylonitrile, nanocomposite, a metallized film such as aluminum
vapor dcposited on a polyolcfin, ctc., as known to thosc of skill in thc art. Suitablc
moisture barrier layers include aluminum foil, PVDC, or polyolefins such as LDPE or
LLDPE. It is desirable that the thickness of the barrier layer be selected to provide the
desired combination of the performance properties sought e.g. with respect to oxygen
permeability, and delamination resistance, and water barrier properties. Suitable
thicknesses in multilayer films are less than 15%, ¢.g. from 3 to 13% of the total tilm
thickness and preferably less than about 10% of the total thickness of the multilayer
film. Greater thicknesses may be employed however oxygen barrier polymers tend to
be relatively expensive and therefore it is expected that less costly resins will be used
in other layers to impart desirable properties once a suitable thickness is used to
achieve the desired gas barrier property for the film layer combination. For example,
the thickness of a core oxygen barrier layer may advantageously be less than about
0.45 mil (10.16 microns) and greater than about 0.05 mil (1.27 microns), including
0.10, 0.20, 0.25, 0.30, 0.40, or 0.45 mil thick.

An oxygen barrier layer of a film may comprise a metal or metal oxide layer, or
EVOH, although oxygcen barricr laycrs comprising polyvinylidenc chloride-vinyl
chloride copolymer (PVDC or VDC-VC) or vinylidene chloride-methylacrylate
copolymer (VDC-MA) as well as blends thereof, can also be used. One suitable
EVOH barrier material is a 44 mol % EVOH resin E151B sold by Eval Company of
America, under the trade name EVAL® LC-E151B. Another example of an EVOH
that may bc acceptable can be purchascd from Nippon Gohsci under the trade name
Soarnol® AT (44 mol% ethylene EVOH).

Any suitable metal or metal oxide layer can be used as a barrier layer. Examples of
suitable metal and metal oxide layers include foils and deposited metals, such as
aluminum foil, aluminum oxide, silicon oxide, metalized polycthylene terephthalate,
and the like.
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For packaging of oxygen sensitive articles such as drug patches., an oxygen (O;)
permeability of less than about 310 cm®/m? for a 24 hour period at 1 atmosphere, 0%
relative humidity and 23° C, and preferably less than 75 cm’/m?, more preferably less
than 20 cm’/m®. The thickness of the corc layer may be varied and beneficially may

be from about 0.05 to about 0.60 mils (1.3-15.2 microns).

A bulk layer may be provided to provide additional functionality such as stiffness or
heat sealability or to improve machinability, cost, flexibility, barrier properties, etc.
Preferred bulk layers comprisc onc or morc polyolcfins such as polycthylene,
cthylene-alpha olefin copolymers (EAO), polypropylene, polybutene, ethylene
copolymers having a majority amount by weight of ethylene polymerized with a
lesser amount of a comonomer such as vinyl acetate, and other polymeric resins
falling in the "olefin" family classification. The bulk layer may be of any suitable
thickness from 0.1 to 7 mils or may even be omitted for use in certain applications,
but is preferably present to improve especially stiffness/flexibility properties and heat

sealability.
Exterior Protective Layer

The films described herein may include an exterior layer. Since it is seen by the
user/consumet, in both monolayer and multilayer embodiments, the exterior surface
of the film preferably has desirable optical properties and may preferably have high
gloss. Also, it preferably withstands contact with sharp objects and provides abrasion
resistance, and for these reasons it is often termed the abuse resistant or protective
laycr. This cxtcrior protcctive layer may or may not also be uscd as a hcat scalablc
layer. As the exterior surface layer of the film, this layer most often is also the exterior
layer of any package, bag, pouch or other container made from a film described
herein, and is therefore subject to handling and abuse e.g. from equipment during
packaging, and from rubbing against other packages and shipping containers and
storage shelves during transport and storage. This contact causes abrasive forces,
stresses and pressures which may abrade away the film causing defects to printing,
diminished optical characteristics or even punctures or breaches in the integrity of the

package. Therefore the exterior surface layer is typically made from materials chosen
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to be resistant to abrasive and puncture forces and other stresses and abuse which the
packaging may encounter during use. The exterior surface layer should be easy to
machine (i.e. be easy to feed through and be manipulated by machines e.g. for
conveying, packaging, printing or as part of the film or bag manufacturing proccss).
Suitable stiffness, flexibility, flex crack resistance, modulus, tensile strength,
coefficient of friction, printability, and optical properties are also frequently designed
into exterior layers by suitable choice of materials. This layer may also be chosen to
have characteristics suitable for creating desired heat seals which may be heat
resistance to burn through e.g. by impulse sealers or may be used as a heat scaling
surface in certain package embodiments e.g. using overlap seals. The exterior layer
may be tough to impart resistance to opening by children e.g. preventing the package
from being opened by a child's bite. A preferred exterior child resistant layer comprise
polyester film, preferably polyester terephthalate, preferably at least 0.9 mil in
thickness. Suitable exterior surface layers may comprise: paper, oriented polyester,
amorphous polyester, polyamide, polyolefin, cast or oriented nylon, polypropylene, or
copolymers, or blends thereof. Oriented films of this or any other layer may be ecither
uni-axially or bi-axially oriented. The exterior layer thickness is typically 0.5 to 2.0
mils. Thinner layers may be less effective for abuse resistance, however thicker
layers, though more expensive, may advantageously be used to produce films having

uniquc highly dcsirable puncture resistance and/or abusc resistance propertics.
Intermediate Layer

An intermediate layer is any layer between the exterior layer and the interior layer and
may includc oxygen barricr laycrs, tic laycrs or laycrs having functional attributcs
useful for the film structure or its intended uses. Intermediate layers may be used to
improve, impart or otherwise modify a multitude of characteristics: e.g. printability
for trap printed structures, machinability, tensile properties, flexibility, stiffness,
modulus, designed delamination, easy opening features, tear properties, strength,
clongation, optical, moisture barrier, oxygen or other gas barrier, radiation selection
or barrier e.g. to ultraviolet wavelengths, etc. Suitable intermediate layers may
include: adhesives, adhesive polymers, paper, oriented polyester, amorphous

polyester, polyamide, polyolefin, nylon, polypropylene, or copolymers, or blends
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thereof Suitable polyolefins may include: polyethylene, ethylene-alpha olefin
copolymers (EAO), polypropylene, polybutene, ethylene copolymers having a
majority amount by weight of ethylene polymerized with a lesser amount of a
comonomcr such as vinyl acctatc, and othcr polymeric rcsins falling in the "olcfin”
family classification, LDPE, HDPE, LLDPE, EAO, ionomer, EMA,EAA, modified
polyolefins e.g. anhydride grafted ethylene polymers, etc.

Tie Layer

A multilayer packaging film can include one or more adhesive layers, also known in
the art as "tie layers,” which can be selected to promote the adherence of adjacent
layers to one another in a multilayer film and prevent undesirable delamination. A
multifunctional layer is preferably formulated to aid in the adherence of one layer to
another layer without the need of using separate adhesives by virtue of the
compatibility of the materials in that layer to the first and second layers. Alternatively,
the tie layers can serve as an intermediary to different adhesives that are compatible
with different layers or can serve to aid in the adherence of one layer to another layer
without the need of using a separate adhesive while serving as an intermediary

between a different layer and an adhesive.

In some embodiments, adhesive layers comprise materials found in both the first and
second layers that the adhesive layer adheres together. The adhesive layer may
suitably be less than 10% and preferably between 2% and 10% of the overall
thickness of the multilayer film. Adhesive resins are often more expensive than other
polymers so the tic layer thickness is usually kept to a minimum consistent with the

desired effect.

A CTFE-VDF copolymer described herein is a fluoropolymer. Fluoropolymers can
form non-stick surfaces to which adhesives or other layers may not readily adhere. In
somc cmbodiments, a surfacc of thc product-contacting laycr is trcated to add
functionality to the surface to aid in adherence of an adhesive, tie layer or other layer.
In some embodiments, the surface is treated to graft functional groups to aid in
adherence. Suitable treatments include plasma treatment, such as atmospheric plasma
treatment, corona treatment, flame treatment or the like. In some embodiments, a tie
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layer is formed by blending a polymer of a polymer layer to which the product-
contacting layer is to be adhered (via the tie layer) with one or more of polyCTFE,
polyVDF, and a CTFE-VDF copolymer. One suitable adhesive for uses with CTFE-
VDF copolymcr as dcscribed hercin is Flextra® WD-4067, a watcr soluble adhcsive
available from H.B. Fuller (St. Paul, Minnesota), with XR-6610 as a coreactant.

In some embodiments, a multilayer film comprises a first adhesive layer positioned

between and in direct contact with an exterior layer and a product contacting layer.

In some embodiments, a multilayer film comprises a first adhesive layer positioned
between and in direct contact with a product contacting layer and a metal or metal
oxide layer. The metal or metal oxide layer can be a foil or deposited layer. The
multilayer film further includes a polyolefin layer, such as a polyethylene layer, in
contact with the metal or metal oxide layer and an exterior protective layer, such as a

layer comprising polyethylene terephthalate.

Multilayer films can comprise any suitable number of tie or adhesive layers of any
suitable composition. Various adhesive layers are formulated and positioned to
provide a desired level of adhesive between specific layers of the film according to

the composition of the layers contacted by the tie layers.

For example adhesive layers in contact with a layer comprising a polyester, such as
PET, preferably comprise a suitable blend of polyolefins with other adhesive
polymers. One preferred component of an adhesive layer in contact with a PET
polyester layer is EMAC SP 1330 (which reportedly has: a density of 0.948 g/cm’;
melt index of 2.0 g/10 min.; a melting point of 93°C.; is at softening point of 49°C.;
and a methylacrylate (M A) content of 22%).

In embodiments where the layers comprise compatible polymers, the layers can be

cocxtrudcd or laminated by heat rather than adhered via a tic laycer.

The interior, exterior, intermediate or tie layers may be formed of any suitable
thermoplastic materials, for example, polyamides, polystyrenes, styrenic copolymers
e.g. styrene-butadiene copolymer, polyolefins, and in particular members of the

polyethylene family such as LLDPE, VLDPE, HOPE, LDPE, cthylene vinyl ester
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copolymer or ethylene alkyl acrylate copolymer, polypropylenes, ethylene-propylene
copolymers, ionomers, polybutylenes, alpha-olefin polymers, polyesters,
polyurethanes, polyacrylamides, anhydride-modified polymers, acrylate-modified
polymers, fluoropolymers such as polyCTFE, polyVDF, or CTFE-VDF copolymers,

polylactic acid polymers, or various blends of two or more of these materials.

In some embodiments, the exterior, interior and/or one or more intermediate layers
can comprise or consist essentially of a nylon blend composition. Preferably, the
nylon blend composition compriscs at Icast an amorphous nylon such as nylon 61/6T
copolymer, in combination with at least one semi-crystalline nylon homopolymer or

copolymer such as nylon 6/12, 6/69, 6/66, MXD6, 6, 11, or 12.

In some embodiments, one or more of the exterior, interior and/or one or more
intermediate layers comprises at least one polyester polymer. Preferred polyester
polymers comprise aromatic polyesters and more preferably, are homopolymers or
copolymers of poly (ethylene terephthalate) (PET), poly (ethylene naphthalate) and
blends thereof. Suitable polyesters may have an intrinsic viscosity of about 0.60 to
about 1.2, preferably between 0.60 to 0.80. The polyester may be an aliphatic
polyester resin, but is preferably an aromatic polyester resin. For example, polyester
matcrials can bc derived from dicarboxylic acid componcnts, including tcrephthalic
acid and isophthalic acid as preferred examples, and also dimers of unsaturated
aliphatic acids. Examples of a diol component as another component for synthesizing
the polyester may include: polyalkylene glycols, such as ethylene glycol, propylene
glycol, tetramethylene glycol, neopentyl glycol, hexamethylene glycol, diethylene
glycol, polycthylene glycol and polytctra methylene oxide glycol; 1,4-cyclohcxanc-
dimethanol, and 2-alkyl- 1,3-propanediol. More specifically, examples of dicarboxylic
acids constituting the polyester resin may include: terephthalic acid, isophthalic acid,
phthalic acid, 5-t-butylisophthalic acid, naphthalenedicarboxylic acid, diphenyl ether
dicarboxylic acid, cyclohexane-dicarboxylic acid, adipic acid, oxalic acid, malonic
acid, succinic acid, azelaic acid, sebacic acid, and dimer acids comprising dimers of
unsaturated fatty acids. These acids may be used singly or in combination of two or
more species. Examples of diols constituting the polyester resin may include: ethylene

glycol, propylene glycol, tetramethylene glycol, neopentyl glycol, hexamethylene
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glycol, diethylene glycol, polyalkylene glycol, 1,4-cyclohexane-dimethanol, 1,4-
butanediol, and 2-alkyl- 1,3-propane diol. These diols may be used singly or in

combination of two or more species.

Polyester compositions that comprise an aromatic polyester resin comprising an
aromatic dicarboxylic acid component can be preferred in some aspects, including,
e.g., polyesters between terephthalic acid (as a dicarboxylic acid) and diols having at
most 10 carbon atoms, such as polyethylene terephthalate and polybutylene
terephthalate. Particularly preferred cxamples thercof may include: copolycsters
obtained by replacing a portion, preferably at most 30 mol%, more preferably at most
15 mol%, of the terephthalic acid with another dicarboxylic acid, such as isophthalic
acid; copolyesters obtained by replacing a portion of the diol component such as
ethylene glycol with another diol, such as 1,4-cyclohexane-dimethanol (e.g.,
"Voridian 9921 ", made by Voridian division of Eastman Chemical Co.); and
polyester-polyether copolymers comprising the polyester as a predominant component
(e.g., polyester-ether between a dicarboxylic acid component principally comprising
terephthalic acid or/and its ester derivative and a diol component principally
comprising tetramethylene glycol and tetramethylene oxide glycol, preferably
containing the polytetra methylene oxide glycol residue in a proportion of 10- 15 wt.
%). It is also possiblc to usc two or morc diffcrent polycster resins in mixture.
Examples of preferred polyesters are available under the trademarks Voridian 9663,
Voridian 9921 and EAST AR® Copolyester 6763, all from Eastman Chemical
Company, Kingsport, Tenn., U.S.A.

Optional Additives to Laycrs

Various additives may be included in the polymers utilized in one or more of the
exterior, interior and intermediate or tie layers of packaging comprising the same. For
example, a layer may be coated with an anti-block powder. Also, conventional anti-
oxidants, antiblock additives, polymeric plasticizers, acid, moisture or gas (such as
oxygen) scavengers, slip agents, colorants, dyes, pigments, organoleptic agents may
be added to one or more film layers of the film or it may be free from such added

ingredients. If the exterior layer is corona treated, preferably no slip agent will be
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used, but it will contain or be coated with an anti-block powder or agent such as silica
or starch. Processing aides are typically used in amounts less than 10%, less than 7%
and preferably less than 5% of the layer weight. A preferred processing aid for use in
the outer laycr of the film includes onc or morc of fluoroclastomers, stcaramidcs,

erucamides, and silicates.

Preferred films may also provide a beneficial combination of one or more or all of the
properties including low haze, high gloss, good machinability, good mechanical
strength and good barricr propertics including high barricrs to oxygen and water
permeability. Suitable barrier properties may have values of WVTR less than or equal
to 0.03g/100in’/24 hours at 1 atmosphere and RT; and/or O,TR values of less than or
equal to 10cm’/100in’/ 24 hours at 1 atmosphere and RT. Preferred barrier property
values are WVTR=<0.001g/100in*/24 hours at 1 atmosphere and RT, and/or 0,TR
values of less than or equal to 0.001 ¢cm3/100 in*/24 hours at 1 atmosphere and RT.

Methods of Manufacture

Monolayer (product-contacting layer) or multilayer films described herein can be
made by any suitable process; preferably by conventional processes. Preferably, the
process produces a flexible film. Examples of such processes include cast or blown

film processes.

In some embodiments, the polymers defined herein are "unmodified" by any
intentional grafting or copolymerization with modifying moieties such as dienes,
rubber moieties or acrylic acids. However, the polymers may contain chemicals or
additives in small amounts (typically under 1% by weight based on the weight of the
polymer) which are present as byproducts of the polymer manufacturing process or
otherwise added by polymer manufacturers including e.g. catalyst residues,
antioxidants, stabilizers, antiblock materials and the like. Tn some embodiments, the
polymcrs arc “modificd” or “dcrivatized” by grafting or copolymcrization with
modifying moieties. For purposes of the present disclosure, such modified or
derivatized polymers are considered a subset of the polymer being modified. For

example, a modified or derivatized polyethylene is considered a polyethylene.
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Exact and Escorene polymers are the commercial designations of polymers available
from Exxon Chemical Company of Houston, Tex., U.S.A. Afinity and Attane
polymers are the commercial designations of polymers available from Dow Chemical
Company of Midland, Mich., U.S.A. Surlyn and Elvax arc thc commecrcial

designations of polymers available from Dupont, U.S.A.

Metal foils and metalized films are also contemplated. One or more functional
properties may be contributed by one or more layers including desired levels of heat
scalability, optical propcrtics c.g. transparcncy, gloss, hazc, abrasion rcsistance,
coefficient of friction, tensile strength, flex crack resistance, puncture resistance,
abrasion resistance, printability, colorfastness, flexibility, dimensional stability,
barrier properties to gases such as oxygen, or to moisture, light of broad or narrow
spectrum including e.g. uv resistance, etc. Preferred materials for use as container
walls, pouch films, lidstock, include nylons, polyesters, polystyrenic polymers, and
polyolefin e.g. cthylene or propylene homopolymers or copolymers, or mixturcs
thereof in any number of layers, particularly, but not limited to, one to nine or 14
layers or more. Preferred polyolefins include ethylene homopolymers or copolymers
and may include low, medium, high and ultra-low or ultra-high density polymers.
Examples are high density polyethylene (HDPE), ethylene alpha-olefin copolymers
(EAQ) prcferably utilizing butcne-1 , hexcenc-1, or octene-1 comonomcer with a
predominate ethylene comonomer portion) and including e.g. linear low density
polyethylene (LLDPE), very low density polyethylene (VLDPE), plastomers,
elastomers, low density polyethylene (LDPE) copolymers of ethylene and polar
groups such as.vinyl acetate or ethyl acrylate e.g. ethylene vinyl acetate (EVA) or
cthylene mcthyl acrylatec (EMA) or cthylenc acrylic acid copolymcr(EAA), functional
group modified polyers including e.g. anhydride modified EAOs. Propylene
homopolymers and copolymers including polypropylene and propylene ecthylene
copolymer are useful. Gas diversion or container wall structures may also include a
metal or metal oxide layer, which may be a metal foil and may be a metal foil
laminate with metal foil and a polymeric layer, such as nylon. It may also be a metal
foil laminate with an outer layer of polyethylene terephthalate, a core layer of metal
foil and an inner layer of polyethylene. In this arrangement, the polyethylene

terephthalate layer serves as a protective layer to the foil, and the polyethylene layer
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facilitates sealing. A foil or deposited metal or metal oxide layer can be an excellent

barrier to materials, organisms, oxygen, moisture and light.

In some embodiments, a packaging film as described herein may utilize a gas barrier
layer such as aluminum foil, polyvinylidene chloride copolymers such as saran, or

ethylene vinyl alcohol copolymers which provide high barriers to gas permeability.

In some embodiments, a packaging film as described herein may utilize a moisture
barrier layer such as aluminum foil, polyvinylidene chloride copolymers such as
saran, or polyolefin materials such as LDPE which impede moisture vapor

permeation.

Adhesives useful in the present invention include permanent adhesives, modified
polymer adhesives and polymer resins commonly available from many commercial
sources. It is contemplated that acrylic and anhydride modified polymers may be
employed as well as many adhesives which may be sclected depending upon other
material selections for other functional layers such as the oxygen and/or moisture
barrier layer(s) as well as the exterior abuse resistant or protecting layer as well as the

CFTE-VDF copolymer containing product contacting layer.

Additives and processing aides; natural and synthetic colorants, pigments and dyes;
fillers such as calcium carbonate or carbon black, antimicrobial agents may be
incorporated into or coated on one or more layers of the multilayer films of the

present invention.
Film Thickness

Preferably, the packaging film has a total thickness of less than about 10 mils, more
preferably the film has a total thickness of from about 1.0 to 10 mils (25-250 microns
(n)). Advantageously many embodiments may have a thickness from about 1 to 5
mils, with certain typical embodiments being from about 2 to 3.5 mils. For example,
entire multilayer films or any single layer of a multilayer film can have any suitable
thicknesses, including 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 mils, or any increment of 0.1 or
0.01 mil therebetween. Although suitable films for packaging drug patches as thick as

4 mils (101.6 microns) or higher, or as thin as 1 mil (25.4 microns) or less may be
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made, it is expected that the most common films will be between about 2-4 mil (51-
102 microns). Especially preferred for use as films for transdermal patch packaging
are films where the multilayer film has a thickness of between about 2 to 3 mils (50.8-

76.2 microns). Such films may havc good abusc resistance and machinability.

Typical contents for various embodiments of the inventive container may include, for
example, transdermal patches, thin strips of dissolvable material for oral
administration, as well as articles for collecting or administering a physiologically

activc substancc c¢.g. a microdiffusion casscttc.

Exemplary of commercially available LDPE resin suitable for use in the present
invention includes, but are not limited to Equistar 216-000 LDPE resin. Exemplary of
commercially available EAA resin for use in the present invention includes, but is not
limited to Dupont 3990-L, which is supplied by Dupont de Nemours. Exemplary of
commercially available ionomer resin for use in the present invention includes, but is
not limited to Dupont 1652-1 Surlyn , which is supplied by Dupont de Nemour.
Exemplary of commercially available EAA resin for use in the present invention
includes, but is not limited to Dupont 3990-L, which is supplied by Dupont de

Nemours.

The mLLDPE layer used in the examples was a blend of 80% LDPE comprising and
20% mLLDPE.

Exemplary of commercially available LDPE resin for use in the present invention
includes, but is not limited to Dow 4012 LDPE which is supplied by Dow Chemical
Co. of Midland, Michigan, USA.

Exemplary of commercially available mLLDPE resin for use in the present invention
includes, but is not limited to Exxon Exact 3040 mLLDPE resin, which is supplied by

Exxon.

The containers e.g. a pouch can further include a tearing aid or tear initiator such as a
notch. Examples of tearing aids or tear initiators such as notches, slits, perforations,
surface roughened portions, etc., are described in U.S. Patent Nos. 4, 778,058;

3,608,815; 4,834,245; 4,903,841; 5,613,779; 5,988,489; 6,102,571; 6,106,448;
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6,541,086; 7,470,062; and 7,481,581. Such tear initiators may be used on one or

more edges of the inventive pouch and package.

Advantageously the tear initiator may be used with scoring e.g. mechanical or laser
scoring of one or more layers, preferably the other abuse resistance layer, to create a
tear directing line which facilitates opening. Prior art films used for packaging
transdermal patches which utilize polyacrylonitrile as the patch contact surface layer
(sealant layer) have undesirably poor tear properties, being very susceptible to
dclamination upon attcmpts to tcar open cven with scoring. These packages typically
must use scissors or a knife for opening. Beneficially, the present invention has
excellent tear properties and when used with a score line may be manually opened in
a clean, non-delaminating fashion without use of scissors or other cutting implements.
This easy to open feature of the present invention may be coupled with child resistant
packaging technology such as that described in pending patent application number
PCTIUS2013/022101, which is hereby incorporated by reference in its entirety, to

provide a child resistant package which is simultaneously easy to open by an adult.
Packaged product

Any product for which scalping may be a concern can be packaged with a film as
described herein. In various embodiments, the product includes a pharmaceutical
product. For purposes of the present disclosure, a pharmaceutical composition is

considered to be a pharmaceutical product.

Pharmaceutical products may contain one or more pharmaceutical excipients.
Preferably, the product-contacting layer of a film used to package a pharmaceutical
product is compatible with and anti-scalping with regard to the excipients present in
the package. Excipients that may be included in various types of pharmaceutical
products are generally known to those of ordinary skill in the pharmaceutical arts,
somc of which arc dcscribed in Remington: The Science and Practice of Pharmacy,

2™ edition, Loyd V. Allen, Jr. (editor), Pharmaceutical Press, September 2012.

A pharmaceutical product for packaging in a film described herein can include any

suitable pharmaceutical active agent. In some embodiments, the pharmaceutical
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active agent is selected from the group consisting of acetylfentanly, fentanyl, nicotine,
lidocaine, estradiol, clonidine, ethinyl estradiol, oxybutynin, buprenorphine,
granisitron, methylphenidate, and scopolamine. In some embodiments, one or more

of the listed pharmaccutical active agents arc included in a transdcrmal patch.

Examples of some excipients that may be present in a transdermal patch include
solvents, preservatives, and permeation enhancers. Examples of some particular
excipients include isopropyl myristate, ethyl lactate, lauryl lactate, dimethylsulfoxide
(DMSO), capric acid, dipropylenc glycol, cthanol, olcic acid, triacctin, isopropyl

palmitate, water, tetradecane and the like.

A pharmaceutical product can be packaged in a film described herein in any suitable
manner. In some embodiments, a pharmaceutical product is packaged such that the
pharmaccutical active agent is not in contact with a scaling layer of the film. In some
embodiments, the pharmaceutical product is packaged such that the pharmaceutical
active agent is in contact with the sealing layer of the film. The active agent can be in

direct contact with the sealing layer or in indirect contact with the sealing layer.

In some embodiments, the pharmaccutical product comprises a gel, paste, solution or
the like, where gel, paste, solution, etc. contains the active ingredient and is in direct

contact with the sealing layer.

In some embodiments, the pharmaceutical product includes an active agent or
excipient that acts as a carrier for the active agent where the active agent or the carrier
have a vapor pressure sufficiently high to cause volatilization of the active agent or
carrier to cause the active agent to contact the sealing layer upon storage, even though
the product is initially packaged such that active agent is not in direct contact with the

sealing layer.

In somc cmbodiments, thc pharmaccutical product includes a transdermal patch.
Transdermal patches typically have a release liner covering a matrix comprising a
pharmaceutical active agent. Accordingly, the pharmaceutical active agent and
excipients of a transdermal patch having a release liner may not be in direct contact

with the sealing layer of film in which it is packaged. However, at an edge of the
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release liner, some of the matrix may come into direct contact with the sealing layer
and may allow the active agent to be wicked towards the sealing layer. Alternatively
or in addition, the vapor pressure of the active agent or a carrier excipient may be
sufficicntly high to causc thc active agent to contact the scaling laycr upon storagce.
By way of example, nicotine, which is often included in transdermal patches, is fairly

volatile and has a vapor pressure of 5.65 Pa at 25°C.

In some embodiments, the pharmaceutical product is packaged in a film described
hercin such that the pharmaccutical active agent is not in contact with the scalant
layer. For example, the active agent may be surrounded by a backing and a release
liner or may be otherwise contained such that active agent is not in contact with the
sealing layer. In such cases, it can still be desirable to have a sealing layer that would
be anti-scalping if the active agent were to come into contact with the sealing layer.
For example, if the pharmaccutical product includes a release liner configured to
prevent contact of the active agent with the sealing layer, the release liner may slip or
otherwise partially release during packaging, shipping, storage or the like to expose
the active agent to the sealing layer. Even in there is little or no risk that the active
agent may be exposed to the sealing layer, it may be desirable for the sealing layer to

be anti-scalping for purposes of caution, reassurance, or the like.

When a pharmaceutical product is packaged in a film such that the product contacting
sealing layer of the film is in indirect contact with a pharmaceutical active agent of
the product, detectable amounts of the pharmaceutical agent are present at a surface of
the product contacting layer or migrate into the product contacting layer upon storage
of the product in the packaging film. Any suitablc tcchniquce can be cmployed to
determine whether a pharmaceutical agent of a pharmaceutical product indirectly
contacts a layer of a package in which the produce is sealed. That is, if a detectable
amount of the agent is present at a surface of a layer or in a layer of the film, then the
pharmaceutical agent is “in contact” with the layer of the film for purposes of the
present disclosure. Examples of gsuitable techniques that can be employed to
determine whether a pharmaceutical agent of a pharmaceutical product indirectly
contacts a layer of a package in which the produce is sealed include Raman

spectroscopy, gas chromatography, gas chromatography-mass spectrometry (GCMS),
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liquid chromatography-mass spectrometry (LCMS), high performance liquid
chromatography (HPLC) and the like.

To determine whether a pharmaceutical active agent of a pharmaceutical product is in
indirect contact with a sealing layer of a film, the presence of the active agent at or in
a sealing layer of the film can be evaluated after the pharmaceutical product has been
packaged in the film under storage conditions for an amount of time. The storage
conditions and time can be standard storage conditions. The standard storage
conditions can bc accclerated storage conditions; c.g. at tcmpcraturcs above room
temperature. For examples, the storage conditions can be 20% relative humidity and

a temperature of 100°F for 1, 7, 15 or 31 days.

Alternatively or in addition, to determine whether a pharmaceutical active agent of a
pharmacecutical product would be in indirect contact with a scaling layer of a film
described herein, the presence of the active agent at or in a surrogate sealing layer of
the film can be evaluated after the pharmaceutical product has been packaged in the
surrogate film under standard storage conditions for a standard amount of time.
Preferably, the surrogate film is not anti-scalping or is not as anti-scalping as a film as
described herein. The product can be packaged and stored in the film containing the
surrogatc scaling laycr in a manncr similar to how thc pharmaccutical product
packaged in a film as described herein would be packaged and stored. If the active
agent migrates into the surrogate sealing layer, then the active agent can be considered
to be “in contact” with the surrogate layer and would be considered to be “in contact”
with a sealing layer of any film in which it was stored, such as a film as described

herein.
Anti-scalping

Whether a product contacting layer of a film performs effectively as an anti-scalping
laycr can bc a subjcctive dctcrmination, with diffcring amounts of migration of a
pharmaceutical active agent into a layer of a film being considered acceptable
depending on, among other things, the active agent, the amount that the active agent

migrates into layers of other films, and the like.

-25 -

28/300



WO 2017/034560 PCT/US2015/046974

[00101]

[00102]

[00103]

For purposes of the present application, a product contacting layer of a film is
considered to serve as an effective anti-scalping layer if (i) a lower amount of the
active agent migrates into the product contacting layer of the film (the test film) than
migratcs into a substantially similar film having a PE, such as a lincar low dcnsity
polyethylene homopolymer, product contacting layer (the reference film) when a
product containing the pharmaceutical active agent is positioned relative to the test
and reference films such that the pharmaceutical active agent is in direct contact with
the product contacting layers of the test and reference films; or (ii) an amount of the
active agent migrates into the product contacting layer of the film (the test film) is not
more than 15% greater than migrates into a substantially similar film having a Barex®
product contacting layer (the reference film) when a product containing the
pharmaceutical active agent is positioned relative to the test and reference films such
that the pharmaceutical active agent is in direct contact with the product contacting
layers of the test and reference films. Preferably, the product is scaled in a cavity
formed, at least in part, by the test film and the product is sealed in a cavity formed, at
least in part, by the reference film. The sealed product can be stored under identical
conditions prior to testing to determine whether less active agent has migrated into the
product contacting layer of the test film than the reference film. The storage

conditions may be accelerated storage conditions as described above.

Any suitable technique may be employed to determine whether to determine whether
less active agent has migrated into the product contacting layer of the test film than
the reference film. For example, Raman spectroscopy or gas chromatography, can be

used.

In some embodiments, the amount of an active pharmaceutical agent that migrates
into a film having a linear low density polyethylene homopolymer as a product
contacting layer (as described above) will be 1.5 times or more than the amount of the
pharmaceutical active agent that migrates into an anti-scalping product contact layer
of a film as described herein. In some embodiments, the amount of an active
pharmaceutical agent that migrates into a film having a linear low density
polyethylene homopolymer as a product contacting layer (as described above) will be

2 times or more, 3 times or more, or 4 times or more, or 5 times or more than the
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amount of the pharmaceutical active agent that migrates into an anti-scalping product

contact layer of a film as described herein.

In preferred embodiments, an amount of an active pharmaceutical agent that migrates
into a film having a CFTE-VDF copolymer as described herein as a sealing layer will
be no more than 10% more than the amount of the pharmaceutical active agent that
migrates into film having Barex® as a sealing layer. More preferably, the amount of
an active pharmaceutical agent that migrates into a film having a CFTE-VDF
copolymcr as dcscribed hercin as a scaling layer will be no more than 9% (no morc
than 8%, no more than 7%, no more than 6%, no more than 5%, no more than 4%, no
more than 3%, no more than 2%, or no more than 1%) more than the amount of the

pharmaceutical active agent that migrates into film having Barex® as a sealing layer.

A preferred method for determining whether a film is anti-scalping is to compare
active agent uptake relative to a linear low density polyethylene homopolymer or
Barex® as described above. In preferred embodiments a drug take test is performed

generally as follows:

Ten pouches are made with cach test film by heat sealing together two pieces of the
sample film each measuring 3 x 3. 5 inches on three sides with the same article
contact surface facing each other. Next, a standard amount of the drug being tested is
placed on a 1 x 1.25 inch piece of blotter paper and the blotter paper is placed inside
the pouch which is then heat sealed.

The pouches are stored at 100° F and 20% RH and three pouches of each film
structure are tested at reported intervals e.g. days 1, 7, 15 and 31. After the allotted
time, three pouches are opened by cutting an end seal, and the blotters removed. The
blotterless pouches are rinsed with distilled water to remove any drug residue that
might be present on the surface of the sealant and excess water is removed from the
pouchcs by shaking. Next, 5 ml of isopropanol spikcd with an intcrnal standard
(propylene glycol n-propyl ether) is placed in each pouch which is then resealed with
heat seals. The resealed pouches are placed on a shaker table for 90 minutes to
facilitate drug extraction from the sealant. Finally, the pouch extracts are analyzed by
gas chromatography and the amount of eluted drug is calculated for each pouch.
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Figures

Referring now to the Drawings, FIG. 1 is a schematic drawing of a cross-section of
an embodiment of a multilayer film 10. In the depicted embodiment, the film 10
includes three layers. On one surface is the product-contacting layer 1, which
comprises a CFTE-VDF copolymer. Adjacent and in contact with the product-
contacting layer 1 is an adhesive layer 2. Adjacent and in contact with the adhesive

layer 2 is an exterior protective layer 3.

Referring now to FIG. 2, a schematic drawing of a cross-section of an embodiment of
a multilayer film 10 is shown. In the depicted embodiment, the film 10 includes five
layers. On one surface is the product-contacting layer 1, which comprises a CFTE-
VDF copolymer. Adjacent and in contact with the product-contacting layer 1 is an
adhesive layer 2. Adjacent and in contact with the adhesive layer 2 is an oxygen
barrier layer 4. The oxygen barrier layer can be a metal foil or deposited metal or
metal oxide such as aluminum oxide, silicon oxide, metalized PET, or the like.
Adjacent and in contact with the oxygen barrier layer 4 is a bulk layer 5, such as a
layer that comprises a polyolefin such as polyethylene. The bulk layer 5, in some
embodiments, is a tie or adhesive layer. Adjacent and in contact with the bulk layer 5
is an cxtcrior protcctive laycer 3. The bulk laycr 5, in some cmbodiments, can be

coextruded with the exterior protective layer 3.

In some embodiments, a single roll web of pouch film can be placed on a packaging
machine and folded together and heat sealed and severed to form heat sealed pouches.
Two side scalcd pouchces with a folded third side can be usced to package an article by
a manufacturer or packager who places a product in the pouch, and completes the
final seal to produce a hermetically sealed package containing for example: a
transdermal drug delivery patch; an oral dissolvable thin strip containing a drug,
flavorant, antimicrobial agent, odorant, and/or microbiologically active ingredient or
combination thercof; or an article for collecting or administering a physiologically

active substance.

Referring now to FIG. 3, a schematic drawing of a packaged product 100 is shown.
The packaged product includes a product 20, such as a pharmaceutical product, sealed
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within an interior 15 of a package that includes film 10. The product 20 is in contact
with a product-contacting layer of film 10. In some embodiments, the package
consists essentially of the film 10. In some embodiments, two or more films may be
scalcd together to form scalced intcrior 15 or film 10 can be scaled to a container such
that the film and container form the interior. In any case, the film 10 forms at least a
portion of the interior 15 of the package. In the depicted embodiment, the dashed

lines indicated the sealed portion of the package that defines sealed interior 15.
Dcfinitions and Nomenclaturc

In discussing polymer blends, plastic films and packaging, various acronyms are used
herein and they are listed below. Also, in referring to blends of polymers a colon(:)
will be used to indicate that the components to the left and right of the colon are
blended. In referring to film structure, a slash "/" will be used to indicate that
components to the left and right of the slash are in different layers and the relative
position of components in layers may be so indicated by use of the slash to indicate

film layer boundaries. Acronyms and terms commonly employed herein include:
APET - amorphous polyester terephthalate

OPET- biaxially oriented polyester terephthalate

CTFE — chlorotrifluoroethylene

VDF- vinylidene fluoride

CTFE-VDF copolymer — a copolymer formed from CTFE monomers and VDF

monomers

PE- Polyethylene (ethylene homopolymer and/or copolymer of a major portion of

ethylene with one or more a-olefins)
LDPE -low density polyethylene
LLDPE- linear low density polyethylene

mLLDPE - metallocene catalyzed linear low density polyethylene
29 .
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C, -cthylene monomer
C4 -butene-1 monomer
Cs -hexene-1 monomer
Cyg -octene-1 monomer
Cio -decene-1 monomer

C,Cx -a substantially linear copolymer of ethylene and an a-olefin where "x" indicates

the number of carbon atoms in the comonomer.
VA-Vinyl Acetate
EVA-Copolymer of ethylene with vinyl acetate
EVOH-A saponified or hydrolyzed copolymer of ethylene and vinyl acetate
EAA-Copolymer of ethylene with acrylic acid

EMA - ethylene methacrylic acid copolymer ionomer- an ethylene-methacrylate acid
copolymer whose acid groups have been neutralized partly or

completely to form a salt, preferably a zinc or sodium salt

PVDC-Polyvinylidene chloride (also includes copolymers of vinylidene chloride,

especially with vinyl chloride)

EVAL — EVOH films from 12-25 microns thick available from Kuraray America,

Inc., Houston, Texas.

The term "nanocomposite” shall mean a mixture that includes a polymer, or
copolymer having dispersed therein a plurality of individual platelets obtained from

an exfoliated modified clay and having oxygen barrier properties.

The term "adhesive layer,” or "tie layer,” refers to a layer or material placed on one or
more layers to promote the adhesion of that layer to another surface. Preferably,

adhesive layers are positioned between two layers of a multilayer film to maintain the
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two layers in position relative to each other and prevent undesirable delamination. In
some embodiments a peelable tie layer may be used which is designed to have either
cohesive failure or delamination from one or both adjacent layers upon application of
a suitablc manual forcc to provide an opcning fcaturc for a package madc from the
film. Unless otherwise indicated, an adhesive layer can have any suitable composition
that provides a desired level of adhesion with the one or more surfaces in contact with
the adhesive layer material. Optionally, an adhesive layer placed between a first layer
and a second layer in a multilayer film may comprise components of both the first
layer and the second layer to promote simultancous adhesion of the adhesive layer to

both the first layer and the second layer to opposite sides of the adhesive layer.

"o "

As used herein, unless otherwise indicated, the phrases "seal layer,"” "'sealing layer,
"heat seal layer,” and "sealant layer," refer to a film layer, or layers, involved in the
sealing of the film: to itself; to another film layer of the same film or another film;
and/or to another article which is not a film e.g. a tray. In general, the sealant layer is
a surface layer i.e. an exterior or an interior layer of any suitable thickness, that
provides for the sealing of the film to itself or another layer. With respect to packages
having only fin-type seals, as opposed to lap-type seals, the phrase "sealant layer"

generally refers to the interior surface film layer of a package. The inside layer

frequently can also scrve as an article contact laycr in the packaging of articlces.

"o < LLIN4Y B

The terms "heat sealing layer,” “sealing layer,” “seal layer,” or "sealant layer”" are
used interchangeably to refer to a layer which is heat sealable i.e., capable of fusion
bonding by conventional indirect heating means which generate sufficient heat on at
Icast onc film contact surfacc for conduction to the contiguous film contact surfacc
and formation of a bond interface therebetween without loss of the film integrity. The
bond interface between contiguous inner layers preferably has sufficient physical
strength to withstand the packaging process and subsequent handling.
Advantageously, the bond interface is preferably sufficiently thermally stable to
prevent gas or liquid leakage therethrough when exposed to above or below ambient
temperatures e¢.g. during one or more of the following: packaging operations, storage,
handling, and transport. Heat seals may be designed to meet different conditions of

expected use and various heat seal formulations are known in the art and may be
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employed with the present invention. Preferably the article contact or heat seal layer is
heat sealable to itself, but may be sealable to other objects, films or layers e.g. to a
tray when used as a lidding film, or to an outer layer in a lap seal or in certain tray

overwrap cmbodiments.

"Polyolefin” is used herein broadly to include polymers such as polyethylene,
ethylene-alpha olefin copolymers (EAOQO), polypropylene, polybutene, ethylene
copolymers having a majority amount by weight of ethylene polymerized with a
Iesscr amount of a comonomer such as vinyl acctatc, and othcr polymcric rcsins
falling in the "olefin" family classification. Polyolefins may be made by a variety of
processes well known in the art including batch and continuous processes using
single, staged or sequential reactors, slurry, solution and fluidized bed processes and
one or more catalysts including for example, heterogeneous and homogeneous
systems and Ziegler, Phillips, metallocene, single site and constrained geometry
catalysts to produce polymers having different combinations of properties. Such
polymers may be highly branched or substantially linear and the branching, dispersity
and average molecular weight and may vary depending upon the parameters and
processes chosen for their manufacture in accordance with the teachings of the

polymer arts.

"Polyethylene" is the name for a polymer whose basic structure is characterized by the
chain --(CH;--CHj--),. Polyethylene homopolymer is generally described as being a
solid which has a partially amorphous phase and partially crystalline phase with a
density of between 0.915 to 0.970 g/cm’. The relative crystallinity of polyethylene is
known to affcct its physical propertics. The amorphous phasc imparts flexibility and
high impact strength while the crystalline phase imparts a high softening temperature
and rigidity.

Unsubstituted polyethylene is generally referred to as high density homopolymer and
has a crystallinity of 70 to 90 percent with a density between about 0.96 to 0.97
g/cm3 . Most commercially utilized polyethylenes are not unsubstituted homopolymer
but instead have C,-Cs alkyl groups attached to the basic chain. These substituted

polyethylenes are also known as branched chain polyethylenes. Also, commercially
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available polyethylenes frequently include other substituent groups produced by
copolymerization. Branching with alkyl groups generally reduces crystallinity, density
and melting point. The density of polyethylene is recognized as being closely
connccted to the crystallinity. The physical propertics of commcrcially available
polyethylenes are also affected by average molecular weight and molecular weight

distribution, branching length and type of substituents.

People skilled in the art generally refer to several broad categories of polymers and
copolymcrs as "polycthylenc." Placement of a particular polymcr into onc of thcsc
categories of "polyethylene” is frequently based wupon the density of the
"polyethylene” and often by additional reference to the process by which it was made
since the process often determines the degree of branching, crystallinity and density.
In general, the nomenclature used is nonspecific to a compound but refers instead to a
range of compositions. This range often includes both homopolymers and

copolymers.

For example, "high density” polyethylene (HDPE) is ordinarily used in the art to refer
to both (a) homopolymers of densities between about 0.960 to 0. 970 g/cm® and (b)
copolymers of ethylene and an w-olefin (usually 1-butene or 1-hexene) which have
densities between 0.940 and 0.958 g/cm’. HDPE includes polymers made with Ziegler
or Phillips type catalysts and is also said to include high molecular weight
"polyethylenes.” In contrast to IIDPE, whose polymer chain has some branching, are
"ultra high molecular weight polyethylenes” which are essentially unbranched
specialty polymers having a much higher molecular weight than the high molecular

weight HOPE.

Hereinafter, the term "polyethylene” will be used (unless indicated otherwise) to refer
to ethylene homopolymers as well as copolymers of ethylene with a-olefins and the
term will be used without regard to the presence or absence of substituent branch
groups. Another broad grouping of polyethylene is "high pressure, low density
polyethylene” (LDPE). LDPE is used to denominate branched homopolymers having
densities between 0.915 and 0.930 g/cm’. LDPEs typically contain long branches off
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the main chain (often termed "backbone") with alkyl substituents of 2 to 8 carbon

atoms.

Linear Low Density Polyethylene (LLDPE) are copolymers of ethylene with alpha-
olefins having densities from 0.915 to 0.940 g/cm®. The a-olefin utilized is usually 1-
butene, 1-hexene, or l-octene and Ziegler-type catalysts are usually employed
(although Phillips catalysts are also used to produce LLDPE having densities at the
higher end of the range, and metallocene and other types of catalysts are also
employed to produce other well-known variations of LLDPEs). An LLDPE produced
with a metallocene or constrained geometry catalyst is often referred to as

"mLLDPE".

Ethylene «-olefin copolymers are copolymers having an ethylene as a major
component copolymerized with one or more alpha olefins such as octene-1, hexene-,
or butene-1 as a minor component. EAOs include polymers known as LLDPE,
VLDPE, ULDPE, and plastomers and may be made using a variety of processes and
catalysts including metallocene, single-site and constrained geometry catalysts as well

as Ziegler-Natta and Phillips catalysts.

Very Low Density Polyethylene (VLDPE) which is also called "Ultra Low Density
Polyethylene"” (ULDPE) comprise copolymers of ethylene with a-olefins, usually 1-
butene, 1-hexene or 1-octene and are recognized by those skilled in the art as having a
high degree of linearity of structure with short branching rather than the long side
branches characteristic of LDPE. However, VLDPEs have lower densities than
LLDPESs. The densities of VLDPESs are recognized by those skilled in the art to range
between 0.860 and 0.915 g/cm®. Sometimes VLDPEs having a density less than

0.900 g/cm® are referred to as "plastomers".

Polyethylenes may be used alone, in blends and/or with copolymers in both

monolaycr and multilaycr films for packaging applications.

As used herein, the term "modified" refers to a chemical derivative e.g. one having
any form of anhydride functionality, such as anhydride of maleic acid, crotonic acid,

citraconic acid, itaconic acid, fumaric acid, etc., whether grafted onto a polymer,
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copolymerized with a polymer, or otherwise functionally associated with one or more
polymers, and is also inclusive of derivatives of such functionalities, such as acids,
esters, and metal salts derived therefrom. Another example of a common modification

is acrylatc modificd polyolcfins.

As used herein, terms identifying polymers, such as e.g. "polyamide"” or
"polypropylene,” are inclusive of not only polymers comprising repeating units
derived from monomers known to polymerize to form a polymer of the named type,
but arc also inclusive of comonomecrs, as well as both unmodificd and modificd
polymers made by e.g. derivitization of a polymer after its polymerization to add
functional groups or moieties along the polymeric chain. Furthermore, terms
identifying polymers are also inclusive of "blends” of such polymers. Thus, the terms
"polyamide polymer" and "nylon polymer"” may refer to a polyamide-containing

homopolymer, a polyamide-containing copolymer or mixtures thereof.

The term "polyamide” means a high molecular weight polymer having amide linkages
(--CONH--), which occur along the molecular chain, and includes "nylon" resins
which are well known polymers having a multitude of uses including utility as
packaging films, bags, and pouches. See, e.g. Modern Plastics Encyclopedia, 88 Vol.
64, No. 10A, pp 34-37 and 554-555 (McGraw-Hill, Inc., 1987) which is hcrcby
incorporated by reference. Polyamides are preferably selected from nylon compounds
approved for use in producing articles intended for use in processing, handling, and

packaging food or drugs.

The term "nylon" as uscd herein it refers more specifically to synthetic polyamidcs,
either aliphatic or aromatic, either in crystalline, semi-crystalline, or amorphous form
characterized by the presence of the amide group --CONH. It is intended to refer to

both polyamides and co-polyamides.

Thus thc terms "polyamide” or "nylon" cncompass both polymers comprising
repeating units derived from monomers, such as caprolactam, which polymerize to
form a polyamide, as well as copolymers derived from the copolymerization of
caprolactam with a comonomer which when polymerized alone does not result in the
formation of a polyamide. Preferably, polymers are selected from compositions
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approved as safe for producing articles intended for use in processing, handling and
packaging of food or drugs, such as nylon resins approved by the U.S. Food and Drug
Administration provided at 21 CFR §177.1500 ("Nylon resins"), which is
incorporatcd hercin by reference. Examplces of these nylon polymeric resins for usc in
food or drug packaging and processing include: nylon 66, nylon 610, nylon 66/610,
nylon 6/66, nylon 11, nylon 6, nylon 66T, nylon 612, nylon 12, nylon 6/12, nylon
6/69, nylon 46, nylon 6-3-T, nylon MXD-6, nylon MXDI, nylon 12T and nylon 61/6T
disclosed at 21 CFR §177.1500. Examples of such polyamides include nylon
homopolymers and copolymers such as those selected form the group consisting of
nylon 4,6 (poly(tetramethylene adipamide)), nylon 6 (polycaprolactam), nylon 6,6
(poly(hexamethylene adipamide)), nylon 6,9 (poly(hexamethylene nonanediamide)),
nylon 6,10 (poly(hexamethylene sebacamide)), nylon 6,12 (poly(hexamethylene
dodecanediamide)), nylon 6/12 (poly(caprolactam-cododecanediamide)), nylon 6,6/6
(poly(hexamethylene adipamide-co-caprolactam)), nylon 66/610 (e.g., manufactured
by the condensation of mixtures of nylon 66 salts and nylon 610 salts), nylon 6/69
resins (e.g., manufactured by the condensation of epsilon-caprolactam,
hexamethylenediamine and azelaic acid), nylon 11 (polyundecanolactam), nylon 12

(polylauryllactam) and copolymers or mixtures thereof.

In usc of thc term "amorphous nylon copolymer,” thc tcrm "amorphous" as uscd
herein denotes an absence of a regular three-dimensional arrangement of molecules or
subunits of molecules extending over distances which are large relative to atomic
dimensions. However, regularity of structure may exist on a local scale. See,
"Amorphous Polymers,"” Encyclopedia of Polymer Science and Engineering, 2nd Ed.,
pp. 789-842 (J. Wilcy & Sons, Inc. 1985). In particular, the term "amorphous nylon
copolymer" refers to a material recognized by one skilled in the art of differential
scanning calorimetry (DSC) as having no measurable melting point (less than 0.5
cal/g) or no heat of fusion as measured by DSC using ASTM 3417-83. The
amorphous nylon copolymer may be manufactured by the condensation of
hexamethylenediamine, terephthalic acid, and isophthalic acid according to known
processes. Amorphous nylons also include those amorpihous nylons prepared from
condensation polymerization reactions of diamines with dicarboxylic acids. For

example, an aliphatic diamine is combined with an aromatic dicarboxylic acid, or an
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aromatic diamine is combined with an aliphatic dicarboxylic acid to give suitable

amorphous nylons.

As used herein, "EVOH" refers to ethylene vinyl alcohol copolymer. EVOH is
otherwise known as saponified or hydrolyzed ethylene vinyl acetate copolymer, and
refers to a vinyl alcohol copolymer having an ethylene comonomer. EVOH is
prepared by the hydrolysis (or saponification) of an ethylene-vinyl acetate copolymer.
The degree of hydrolysis is preferably from about 50 to 100 mole percent, more
preferably, from about 85 to 100 molc percent, and most preferably at Icast 97%. 1t is
well known that to be a highly effective oxygen barrier, the hydrolysjs-saponification
must be nearly complete, i.e. to the extent of at least 97%. EVOH is commercially
available in resin form with various percentages of ethylene and there is a direct
relationship between ethylene content and melting point. For example, EVOH having
a melting point of about 175° C or lower is characteristic of EVOH materials having
an cthylene content of about 38 mole% or higher. EVOH having an ethylene content
of 38 mole% has a melting point of about 175° C. With increasing ethylene content
the melting point is lowered. Also, EVOH polymers having increasing mole
percentages of ethylene have greater gas permeabilities. A melting point of about
158° C corresponds to an ethylene content of 48 mole %. EVOH copolymers having
lower or higher cthylenc contents may also be cmployed. It is cxpected that
processability and orientation would be facilitated at higher contents; however, gas
permeabilities, particularly with respect to oxygen, may become undesirably high for
certain packaging applications which are sensitive to microbial growth in the presence
of oxygen. Conversely lower contents may have lower gas permeabilities, but

processability and oricntation may be morc difficult.

As used herein, the term "polyester" refers to synthetic homopolymers and
copolymers having ester linkages between monomer units which may be formed by
condensation polymerization methods. Polymers of this type are preferable aromatic
polyesters and more preferable, homopolymers and copolymers of poly(ethylene
terephthalate), poly(ethylene isophthalate), poly(butylene terephthalate),
poly(ethylene naphthalate) and blends thereof. Suitable aromatic polyesters may have
an intrinsic viscosity between 0.60 to 1.0, preferably between 0.60 to 0.80.
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EEINT3

As used herein, singular forms “a,” “an” and “the” include plural referents unless the
context clearly dictates otherwise. Thus, for example, reference to a “structured
bottom surface” includes examples having two or more such “structured bottom

surfaccs” unlcss the context clcarly indicates othcrwisec.

As used herein, the term “or” is generally employed in its sense including “and/or”
unless the content clearly dictates otherwise. The term “and/or” means one or all of
the listed elements or a combination of any two or more of the listed elements. The
usc of “and/or” in ccrtain instanccs hercin docs not imply that the usc of “or” in othcer

instances does not mean “and/or”.

As used herein, “have™, “has”, “having”, “include”, “includes”, “including”,
“comprise”, “comprises”, ‘“comprising” or the like are used in their open ended
29 (13

inclusive sense, and generally mean “include, but not limited to”, “includes, but not

limited to”, or “including, but not limited to”.

"Optional” or "optionally" means that the subsequently described event, circumstance,
or component, can or cannot occur, and that the description includes instances where

the event, circumstance, or component, occurs and instances where it does not.

The words “preferred” and “preferably” refer to embodiments of the disclosure that
may afford certain benefits, under certain circumstances. However, other
embodiments may also be preferred, under the same or other circumstances.
Furthermore, the recitation of one or more preferred embodiments does not imply that
other embodiments are not useful, and is not intended to exclude other embodiments

from the scope of the inventive technology.

For purposes of the present disclosure, recitations of numerical ranges by endpoints
include all numbers subsumed within that range (e.g., 1 to 5 includes 1, 1.5, 2, 2.75, 3,
3.80, 4, 5, ctc.). Where a range of valucs is “grcater than™, “Icss than™, ctc. a particular

value, that value is included within the range.

"’ on

Any direction referred to herein, such as “top,” “bottom,” “left,” "right," "upper,"”

LU

"lower," “above,” below,” and other directions and orientations are described herein

for clarity in reference to the figures and are not to be limiting of an actual device or
-38 -
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[00142]

[00143]

[00144]

[00145]

system or use of the device or system. Many of the devices, articles or systems

described herein may be used in a number of directions and orientations.

Unless otherwise expressly stated, it is in no way intended that any method set forth
herein be construed as requiring that its steps be performed in a specific order.
Accordingly, where a method claim does not actually recite an order to be followed
by its steps or it is not otherwise specifically stated in the claims or descriptions that
the steps are to be limited to a specific order, it is no way intended that any particular
order be inferred. Any recited single or multiple fecaturce or aspcect in any onc claim
can be combined or permuted with any other recited feature or aspect in any other

claim or claims.

It is also noted that recitations herein refer to a component being ‘“‘configured” or
“adapted to” function in a particular way. In this respect, such a component is
“configured” or “‘adapted to” embody a particular property, or function in a particular
manner, where such recitations are structural recitations as opposed to recitations of
intended use. More specifically, the references herein to the manner in which a
component is “configured” or “adapted to” denotes an existing physical condition of
the component and, as such, is to be taken as a definite recitation of the structural

charactcristics of thc component.

While various features, elements or steps of particular embodiments may be disclosed

3

using the transitional phrase “comprising,” it is to be understood that alternative
embodiments, including those that may be described using the transitional phrases
“consisting” or “consisting csscntially of,” arc implicd. Thus, for cxample, implicd
alternative embodiments to a product-contacting layer comprising a CTFE-VDF
copolymer include embodiments where a product-contacting layer consists of a
CTFE-VDF copolymer and embodiments where a product-contacting layer consists

essentially of a CTFE-VDF copolymer.

Following are examples given to illustrate the invention, but these examples should
not be taken as limiting the scope. All percentages are by weight unless indicated

otherwise.
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[00146]

[00147]

[00148]

[00149]

[00150]

[00151]

EXAMPLES
EXAMPLE 1- Characterization of PFX-14-12 film

Two CFTE-VDF copolymer films were obtained from Honeywell International, Inc.
One film, PFX-14-12, was a 1.5 mil monolayer film. The other film, PFX-14-13, was
a 3.0 mil monolayer film. The PFX-14-12 film was tested by Fourier transform
infrared spectroscopy-attenuated total reflectance (FTIR-ATR) and differential
scanning calorimetry (DSC). Results indicated that a PCTFE component is present
in the PFX-14-12 copolymer. The peaks at 1182.6 cm™ 1191.1 cm™ and 1119.6 cm™
and 962.1 cm™ on the PFX-14-12 copolymer, are all reflected on the PCTFE
homopolymer spectrum. Peaks at 2850 cm™ and 2950 cm correspond to C-H

stretching bonds that indicates the presence of a PVDF component.

The DSC analysis indicates glass transition temperature of the PFX-14-12 copolymer
of around 50 °C and a melting temperature of 185.78 °C. The melting temperature
PCTFE homopolymer is about 210 °C. The incorporation of the PVDF into the highly
crystallized PCTFE chain would be expected to interrupt the regularity of the chain

structure and thus lowers its melting point.
EXAMPLE 2- Antiscalping properties of CFTE-VDF copolymer

Nicotine vapor test: A number of different polymerswere tested for their ability to
resist uptake of nicotine.. Monolayer polymer sheets were cut into 1 inch by 3/8 inch
strips. The strips were then clipped individually on a wire, and hung in a jar filled
with 50 ml nicotine at the bottom. The strip samples were exposed to nicotine vapor

for 2 weeks.

After the allotted time, the strip samples are rinsed with distilled water to remove any
liquid nicotine that might be present on the surface of the sealant and excess water is
removed from the pouches. Next, the strip samples are placed in 5 ml of isopropanol
spiked with an internal standard (propylene glycol n-propyl ether) and placed on a

shaker table for 90 minutes to facilitate nicotine extraction from the sealant. Finally,
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the pouch extracts are analyzed by gas chromatography and the amount of eluted

nicotine is calculated for each strip.

[00152] Nicotine uptake values are listed in Table 1. (All values are shown as nicotine peak

area from the GC, not real uptake weight).

Table 1. Nicotine Vapor Test Results: Week 2 Data

Polymer
Sample |1 2 3 4
1 0 1303 16 58
2 0 1130 14 50
3 0 1203 27 91
4 0 1208 18 51
Average | 0 1211 18 63

[00153] In Table 1 above, Polymer 1 is Barex®, Polymer 2 is a representative high barrier

copolyester in the TRITAN (Eastman) family, Polymer 3 is PFX-14-12 copolymer,
and Polymer 4 is blend of PE and EVA (5% VA content). Polymer 2 was tested as a

4 mil thick sheet. For all other polymers the sheets were between 1 and 2 mil thick.

[00154] As shown from Table 1, PFX-14-12 (polymer 3) serves as an effective barrier for

resisting nicotine migration. PFX-14-12 is nearly as effective as Barex® (polymer 1).

PFX-14-12 (polymer 3) was more effective at resisting nicotine migration than a

number of the other tested polymers.
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[00155]

[00156]

[00157]

Nicotine direct contact test: 1 inch by 3/8 inch sample strips were sandwiched
between two layers of blotter paper. 1.6 ml of nicotine were evenly deposited on each
layer. The blotter papers were stapled together and placed in a clean glass jar. The
strip samplcs werce in closc contact with nicotine for 4 diffcrent time points: 1, 2, 4, 6

weeks.

After the allotted time, the strip samples are rinsed with distilled water to remove any
liquid nicotine that might be present on the surface of the sealant and excess water is
removed from the pouchces by shaking. Ncext, the strip samplcs arc placed in 5 ml of
isopropanol spiked with an internal standard (propylene glycol n-propyl ether) and
placed on a shaker table for 90 minutes to facilitate nicotine extraction from the
sealant. Finally, the pouch extracts are analyzed by gas chromatography and the

amount of eluted nicotine is calculated for each strip.

The nicotine uptake values are listed in Tables 2, 3 and 4. (All values are shown as

nicotine peak areca from the GC, not real uptake weight).

Table 2. Nicotine Direct Contact: Week 1 Data

Sample Barex® | PFX-14-12 | CXB
1 0 23.1 ] 451.5
0 228 | 4744
3 0 21.4 | 433.5
Average 0 224 453.1

Table 3. Nicotine Direct Contact: Week 2 Data

Sample Barex® | PFX-14-12 | CXB
1 1.7 3771 6299
0 38.5| 704.6
3 0 359 | 6719
Average 0.6 374 | 668.8

Table 4. Nicotine Direct Contact: Week 2 Data

Sample Barex® | PFX-14-12 | CXB
1 0 56.9 400
2 0 53] 3572
3 0 62.3| 417.5
Average 0 574 391.6
-4 -

45/300



WO 2017/034560 PCT/US2015/046974

[00158]

[00159]

[00160]

[00161]

[00162]

[00163]

As shown in Tables 2-4, PFX-14-12 is a better barrier for resisting nicotine migration
than CXB and is very close to as effective as Barex®. CXB is an cthylene
norbornene copolymer from 35wt.% ethylene monomers and 65wt. % norbornene
monomers, which is described in more detail in PCT patent application
PCT/US15/15246, entitled ANTI-SCALPING PHARMACEUTICAL PACKAGING
FILM, filed on 10 February 2015, which application is hereby incorporated herein by

rcference to the cxtent that it docs not conflict with the disclosurc presented hercin
EXAMPLE 2: Uptake of lidocaine and acetylfentanyl
Materials and methods.

17x0.25” strips of candidate polymer film were cut out and sandwiched between
blotting paper completely soaked with (i) lidocaine (10 mg/mL) or (ii) acetylfentanyl
(1 mg/mL). The blotting paper containing the samples was stapled together to ensure
conformal contact with samples, enveloped in foil to prevent drying, and kept in an
aging chamber (100F, 20% RH). Samples were taken out at different time-points and
washed by incubation in 1.5 ml distilled water followed by shaking for 3 mins to wash
off excess drug on the surface. Samples were then incubated with 1.5 mL of
()isopropanol (for lidocaine) or (ii) methanol (for acetylfentanyl) on a shaker
overnight to extract the drugs absorbed by the strips. The extraction solvent was
analyzed using GC-FID. Area under peaks facilitate comparison of relative mass

uptake of the drugs by different materials.
Results

The results for lidocaine uptake are shown in Table 5 below. As indicated, lidocaine
uptake in Barex® or polyethylene (PE) was about 100 times to about 200 times
greater than uptake by PFX-14-12, for which uptake was almost negligible. CXB also

exhibited excellent anti-scakping properties with regard to lidocaine.

Table 5. Lidocaine uptake
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Lidocaine uptake (Area under peak — GC-FID)
Material Day 7 Day 14 Day 30
Barex® 245.43 294.63 1218.67
CXB 1.53 2.33 10.13
PE 254.47 245.33 401.07
PFX-14-12 1.17 0.00 7.25

[00164] The results for acetylfentanyl uptake are shown in Table 6 below. As indicated,

uptake was in Barex® and polyethylene (PE), but not in PFX-14-12 even after 90

days in the aging chamber.

propertics.

Table 6. Acetylfentanyl uptake

Again, CXB also exhibited excellent anti-scakping

Acetrylfentanyl uptake (Area under peak — GC-FID)
Material Day 14 Day 28 Day 90
Barex® 22.00 2.77 15.80
CXB 0.00 0.00 0.00
PE 10.93 33.27 12.20
PFX-14-12 0.00 0.00 0.00

[00165] Thus, methods, systems, devices, compounds and compositions for ANTI-
SCALPING PHARMACEUTICAL PACKAGING FILM are described. Various
modifications and variations of the invention will be apparent to those skilled in the
art without departing from the scope and spirit of the invention. Although the
invention has been described in connection with specific preferred embodiments, it
should be understood that the invention as claimed should not be unduly limited to
such specific embodiments. Indeed, various modifications of the described modes for
carrying out thc invention which arc apparcnt to thosc skilled in film manufacturing

or related fields are intended to be within the scope of the following claims.

[00166] It will be apparent to those skilled in the art that various modifications and variations
can be made to the present inventive technology without departing from the spirit and
scope of the disclosure. Since modifications, combinations, sub-combinations and

variations of the disclosed embodiments incorporating the spirit and substance of the
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inventive technology may occur to persons skilled in the art, the inventive technology
should be construed to include everything within the scope of the appended claims

and their equivalents.
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What is claimed is:

1.

A film for packaging a product comprising nicotinge, the film comprising:

a product-contacting sealing layer comprising at least 90 wt. % of a

chlorotrifluoroethylene (CTFE)-vinylidene fluoride (VDF) copolymer.

A film for packaging a product comprising a pharmaceutical active agent, the

film comprising:

a product-contacting sealing layer comprising at least 90 wt. % of a CTFE-

VDF copolymer.

A film according to claim 2, wherein pharmaceutical active agent is selected
from the group consisting of fentanyl, lidocaine, estradiol, clonidine, ethinyl
estradiol, oxybutynin, buprenorphine, granisetron, methylphenidate, and

scopolamine.

A film according to claim 1, wherein the CFTE-VDF copolymer comprises at
least 80 mol% chlorotrifluoroethylene units and at least 1 mol% 1,1-

difluoroethylene units.

A film according to any one of the preceding claims, wherein CFTE-VDF

copolymer has a glass transition temperature in a range from 40 °C to 70 °C.

A film according to any one of the preceding claims, wherein the product-
contacting sealing layer comprises at least 95 wt. % of the CTFE-VDF

copolymer.

A film according to any one of the preceding clams, wherein the sealing layer
consists essentially of the CTFE-VDF copolymer.
- 46 -
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10.

11.

12.

13.

14.

A film according to any one of the preceding claims, wherein the product
comprising the nicotine or the pharmaceutical active agent comprises a

transdermal patch comprising the nicotine or the pharmaceutical active agent.

A film according to any one of the preceding claims, further comprising an

exterior protective layer.

A film according to claim 9, wherein the cxterior protective laycr compriscs a
polymer selected from the group consisting of paper, oriented polyester,
amorphous polyester, polyamide, polyolefin, nylon, polypropylene, or

copolymers, or blends thereof.

A film according to claim 9 or claim 10, further comprising a bulk polyolefin
layer between the exterior protective layer and the product-contacting sealing

layer.

A film according to any one of claims 9-11, further comprising a metal or
metal oxide layer between the exterior protective layer and the product-

contacting sealing layer.

A film according to any one of the claims 1-8, further comprising an exterior
protective layer and an adhesive layer between and in contact with both the

product-contacting sealing layer and the exterior protective layer.

A film according to any one of the claims 1-8, further comprising an adhesive
layer disposed on the product-contacting sealing layer; a metal or metal oxide

layer disposed on the adhesive layer and an exterior protective layer.
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15.

16.

17.

18.

19.

20.

A film according to claim 14, further comprising a bulk polyolefin layer

between the metal or metal oxide layer and the exterior protective layer.

A film according to any one of the preceding claims, wherein the film has a
water vapor transmission rate (WTVR) of less than 0.01 g/ 100 square inches

per 24 hours at 23°C and 1 atmosphere.

A packagced pharmaccutical product, comprising:

a film according to any one of claims 1-16, wherein the a product-contacting

scaling layer defines at least a portion of a scaled interior volume; and

the product disposed in the interior volume of the sealed package.

A packaged pharmaceutical product, comprising:

a film according to any one or claims 1-16, wherein the film is formed into a

flexible container; and

the product disposed in the container.

A method for packaging a pharmaceutical product comprising nicotine, the

method comprising:

sealing the pharmaceutical product in an interior of a packaging film, wherein
the film includes a product-contacting scaling layer comprising at least
90 wt. % of a chlorotrifluorocthylenc (CTFE)-vinylidence fluoride
(VDF) copolymer.

A method for packaging a pharmaceutical product comprising a

pharmaccutical active agent, the method comprising:
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21.

22.

23.

24.

sealing the pharmaceutical product in an interior of a packaging film, wherein
the film includes a product-contacting sealing layer comprising at least
90 wt. % of a chlorotrifluoroethylene (CTFE)-vinylidene fluoride
(VDF) copolymcr.

A method according to claim 19 or claim 20, wherein the pharmaceutic
product comprises a transdermal patch comprising the pharmaceutical active

agent.

A film for packaging a product comprising pharmaceutical active ingredient,

the film comprising:

a product-contacting sealing layer comprising at least 90 wt. % of a

chlorotrifluoroethylene (CTFE)-vinylidene fluoride (VDF) copolymer.

A packaged pharmaceutical product, comprising:

a film according to claim 22, wherein the film is formed into a flexible

container; and

the product disposed in the container.

A film according to claim 22 or a packaged pharmaceutical product according
to claim 23, wherein the pharmaceutical active ingredient comprises

acetylfentanyl, lidocaine, or a combination thereof.
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and - a sealant layer bonded to the inner side of the core barrier layer comprising one or more polyolefins sufficient to provide a seal.
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MULTIT.AYER PLASTIC FILM WITH HEAT RESISTANT OUTER LAYERS
AND SLOW AND NORMAL CRYSTALLIZING POLYAMIDES

Field of the Invention
[0001] The present application generally relates to the ficld of multilayer plastic
films, and in patticular, relates to mullilayer plastic films with high oxygen barrier or

high moisture barrier or improved mechanical properties,

Background of the Invention

{0002} Multilayer high & low shrink plastic films have use in areas such as food,
medical and industrial packaging. Specifically for food packaging, to maintain freshness,
colour, and other properties, the multilayer high shrink plastic films must create a barrier
against moisture, gases (such as oxygen), and aroma. In addition, the multilayer high
shrink plastic filn should have mechanical propertics such as puncture resistance,
including tear and tensile strength. These properties prevent packaged food from damage

during processing and transport.

[0003] US Patent 5,336,549 describes a multilayer heat shrinkable plastic film
comprised of core layers of ethylene vinyl alcohol (EVOH) and polyamide (PA)
surrounded by a thin polyethylene terephthalate (PET) outer layer and a thin adhesive
layer. Although the core layers of EVOH and PA have high oxygen barrier properties
(EVOH) and high mechanical propettics (PA), the outer PET layer and adhesive layer
have low moisture bairier properties. As a result, moisture is able to permeate the outer
layers at three different stages during processing exposing the core layers of EVOH and
PA to moisture, leading to an increased oxygen transmission rate and accordingly, a

deterioration of the oxygen barrier and mechanical properties of the film.

[0004] US patent 5,079,051 discloses polyvinylidene chloride (PVDC) which
functions as both an oxygen and moisture barrier. However, under dry conditions (low
relative humidity), oxygen bartier properties of PVDC are less than the oxygen barrier

properties of EVOH. In addition, PVDC is difficult to process on farger dies.
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[0005] US Patent Application US2010/0003432A1 and EU Patent EP 2351645A1
(Schiffman) disclose thermoplastic materials of different thicknesses surrounding nylon-
bascd barrier layers around core layers of EVOH and/or PA. These thermoplastic
materials include polypropylene (PP), polyethylene (PE), polystyrene (PS), and
poly(ethylene terephthalate)-glycol (PETG). However, these materials have low
moisture barrier properties, leading to exposure of moisture to the barrier layers. Since
oxygen transmission rate of barrier layers such as nylon/EVOH is dependent on relative
humidity, a high relative humidity results in an increasc in oxygen fransmission (decrease
in the oxygen barrier properties of EVOH) and a decline in mechanical properties

provided by nylon barricr layers.

[0006] To increase moisture barrier properties, the percentage of polyolefin (PO)
may be increased within the layers of a film, however, an uneven increase in PO may
result in an asymmetrical film structure leading to curling and orientation issues of a
multilayer film. In other cases, as disclosed in Schiffiman, the EVOH layer may be
protected with a blend of cyclic olefin copolymer (COC) and PE on one side of the film
since COC is a rigid material. However, in this case, the other side of the film is

protected with a PE-based sealant layer, increasing the risk of moisture exposure to the
EVOH/Nylon core.

[0007] US Patent No. 8,012,572 describes a micro-layer film comprising
alternating micro-layers of EVOH/PA6. While this may provide more flexibility, both of
these materials are hydrophilic and can absorb moisture, which reduces the oxygen

barrier and mechanical properties of the film.

J0008] Prior multi-layer films exhibit drawbacks with respect to mechanical and
barrier properties. At the outset, the fabrication of multilayer films, including layers of
Nyloo/EVOH or Nylon/EVOH/Nylon, such as those described above, via the double or
triple bubble process, can lead to films which exhibit a loss in mechanical and barrier
properties. It addition, although EVOH and nylon provide oxygen batrier (EVOH) and
mechanical strength (Nylon) properties, these polymers are hydrophilic, and this results

in reduced oxygen barrier and mechanical properties of the resulting film when exposed
2
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to moisturc,

{0009] Thus, there is a need for a multi-layer film which overcomes at least one

of the disadvantages of prior multi-layer {ilms.

Summary of the Invention

[0010] An improved multilayer film is herein provided.
[0011] In one aspect, the multilayer film comprises

- a core barrier layer having an outer side and an inner side, said core
barrier layer comprising one or more batrier polymers that exhibit moisture
and/or oxygen barrier properties, wherein said barrier polymer is optionally

coupled to a slow crystallizing polyamide or a polymer blend thereof;

- an outer layer bonded to the outer side of the core basrier layer
comprising a rigid polymer having an inherent viscosity (IV) in the range of
about 3.2 to 4.7, wherein the outer layer optionally comprises slow crystallizing

polymer (SCP) ot a polymer blend thereof; and

- a sealant layer bonded to the inner side of the core barrier layer

comprising one or more polyolefins sufficient to provide a seal.

[0012] This and other aspects of the invention are described by reference to the

detailed description that follows and the drawings.

Brief Description of the Drawings

[0013] FIGURE 1 graphically compares the properties of a slow crystallizing
polymer (SCP) to a normal crystallizing polymer (NCP);

10014 FIGURE 2 is a schematic drawing showing the production of biaxially
oriented heat shrinkable multilayer plastic film in accordancc with one embodiment of

the invention by means of a double bubble blown process;

3
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[0015] FIGURE 3 is a schematic drawing showing the production of biaxially
oriented heat shrinkable multilayer plastic film in accordance with one embodiment of

the invention by means of a double bubble blown process with annealing;

[0016] FIGURE 4 is a schematic drawing showing the production of multilayer
plastic film in accordance with one embodiment of the invention by means of a cast film
Proccess,;

[0017] FIGURE 5 is a schematic drawing showing the production of multilayer

plastic film in multilayer blown form; and
{0018] FIGURE 6 is a schematic showing lamination of a multilayer plastic film.

Detailed Description of the Invention

[0019] A novel multi-layer film is provided. The multilayer film comprises a
core barrier layer having an outer sidc and an inner side, said core barrier layer
comprising one or morc barrier polymers that exhibit moisture and/or oxygen barrier
properties, wherein said barrier polymer is optionally coupled to a slow crystallizing
polymer or polymer blend thereof; an outer layer comprising at least one rigid polymer
having an inherent viscosity (IV) in the range of about 3.2 to 4.7 which is bonded to the
outer side of the core barrier layer; and a sealant layer comprising one or mote

polyolefins sufficient to provide a seal bonded to the inner side of the core barrier layer.

10020] The multilayer film comprises a core barrier layer having an outer side and
an inner side. The outer layer of the multilayer film is bonded to the outer side of the
core Barrier. The outer layer will generally comprise a heat resistant polymer having a
melting point in the range of 190°C to 265°C. Suitable polymers are rigid polymers
having an inherent viscosity (IV) in the range of about 3.2 to 4.7. Examples of polymers
for inclusion in the outer layer include polychlorotrifiuoroethene (PCTFE) or
polyvinylidene fluoride (PVDF) or PVDF copolymers (such as PVDF-hydrofluoroethene
(HFE)), which provide a barrier to moisture to protect inner layers. The outer layer may

also be a thermoplastic polymer or blend of polymers including polyesters, e.g.

4
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polycthylcne terephthalate (PET), e.g. PET with a melting point of above 250°C,
polyethylene terephthalate glycol-modified (PETG), PET/PETG, low density
polyethylene (ILLDPE), linear low density polyethylene (LLDPE), metallocene-based
linear low density polyethylene (MLLDPE), polypropylene (PP), copolymers of
polypropylene, high-density polyethylene (HDPE), ionomers, PETG/PET, polyolefin
(PO), polystyrene (PS), styrene butadiene copolymer, poly(methylmethacrylate)
(PMMA), amorphous polyethylene terpthalate (APET), polyethylene naphthalate (PEN),
polybutylene terephthalate, PLA (polylactic acid), COC, polyolefin, blends of COC with
polyolefin, PE or PP (homopolymer or copolymers), PET or PETG lo provide moisture
barricr properties, nylons (polyamide polymers) such as nylon-6,6 having a melting point
of about 250°C; nylon-6 having a melting point of about 220°C; nylon-6 (SCP — slow
crystallizing polymer), blends of nylon-6 (SCP) with normal nylon crystallizing polymer
(NCP) such as nylon (SCP) 99.5-0.5 wi% to nylon-6 (NCP) 0.5-99.5wt%, nylon blends
such as a blend of nylon-6 with nylon-6,6, a blend of nylon-6 with nylon-6,12 or nylon
6/66 copolymer with a melting point of about 190°C to about 195°C; nylon 6,10; nylon
6,12; nylon terpolymer; nylon i1; nylon 12; nylon 6,9; nylon 4,6; aromatic nylon
(MDX®6); amorphous nylon, and mixtures thereof. It should be noted that in nylon-6
SCP-NCP blends, NCP may be nylon-6, nylon-6,6, nylon-6/66, nylon-11, nylon-12,
nylon-4,6, nylon 6/9, nylon-6/10, nylon 6/12, nylon terpolymer, aromatic nylon and

amorphous nylon,

[0021] The term “slow crystallizing polymer” refers to a polyamide (e.g. Nylon
6) which crysitallizes more slowly than the “normal” crystallization time for the same
polymer, while retaining the same % crystallinity and bartier properties, as shown in the
data of Fig. 1 provided by the supplier (DSM). The polymer is modified during
polymerization to achieve a slower rate of crystallization. An cxample of a slow

crystallizing polymer is Akulon™ X8, e.g. nylon-6.

[0022] Alternatively, the outcr layer may comprise at least two different
polymers, or microlaycrs of at least two different aiternating polymers, a rigid polymer

and a soft polymer. The rigid polymer is a polymer having an inherent viscosity (IV) in

5
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the range of about 3.2 to 4.7 (96% sulfuric acid, 1g/100ml) and a melting point in the
range of about 190°C to 265°C. I'xamples of suitable rigid polymers include, but are not
limited to, thermoplastic polymers such as polyesters, e.g. polyethylene terephthalate
(PET), e.g. PET with a melting point of above 250°C, polyethylene terephthalate glycol-
modified (PETG), high density polyethylene (HDPE), PETG/PET, polyolefin (PO),
polypropylene (PP), amorphous polyethylene terpthalate (APET), polyethylenc
naphthalate (PEN), polybutylene terephthalate (PBT), PLA (polylactic acid), COC,
polyolefin, blends of COC with PE or PP (homopolymer or copolymers),
polychlorotrifluoroethene (PCTFE), polyvinylidene fluoride (PVDF) and PVDF with
hydrofluoroethene (HFE), nylons (polyamide polymers) such as nylon-6,6 having a
melting point of about 250°C; nylon-6 having a melting point of about 220°C; nylon-6
(SCP — slow crystallizing polymer), blends of nylon-6 (SCP) with nylon-6 (NCP —
normal crystallizing polymer) such as nylon (SCP) 99.5-0.5 wt% to nylon-6 (NCP)0.5-
99.5wt%, nylon blends such as a blend of nylon-6 with nylon-6,6, a blend of nylon-6
with nylon-6,12 or nylon 6/66 copolymer with a melting point of about 185°C to about
195°C; nylon 6,10; nylon 6,12; nylon terpolymer; nylon 11; nylon 12; nylon 6,9; nylon

4,6; aromatic nylon (MPDX6); amorphous nylon, and mixtures of any of these polymers.

[0023] The soft polymer, having a melt index of from about 0.5 MI to 6 MI, may
comprise, for example, maleic anhydride grafted onto linear low density polyethylene
(LLDPE), low density polyethylene (LDPE), ethylene vinyl acetate (EVA) or EMA
(ethylene methacrylate), optionally blended with polyolefin such as polypropylene,
polyethylene, LLDPE, metallocene LLDPE (mLLDPE), high density polyethylene
(HDPE), COC, plastomers or elastomers. Examples of suitable “soft” layers (also known
as “lie” layers) include, but are not limited to, ethylene vinyl acetate-maleic anhydride
copolymer, ethylene vinyl acetate-maleic anhydride, ethylene methyl acrylatc-malcic
anhydride, LDPE-maleic anhydride, or LLDPE-maleic anhydride. For example, the soft
or tie layer may comprise ethylene-vinyl acctate copolymer with a melt index about 0.1
to about 6.0 decigram per minute and vinyl acetate content of from 9 to about 28 percent
by weight. The polymers in the soft or tic layers may be partially cross-linked prior to
inclusion in the film. In one embodiment, the tic layer may be combined with PA (nylon)

6
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laycrs to form a microlayer structure such as PA1-tie-PA2-tie-PA3-tie.

[6024] The total thickness of the outer layer is in the range of from about 0.5 to
about 10 microns, preferably from about I to 9 microns, and more preferably from about
2 to about 5 microns. Il the outer layer comprises microlayers, it may comprise from 3 to
about 60 microlayers of two or more different polymers, each microlayer being at least
about 0.1 microns thick. Preferably, the outer layer comprises two different materials of
4 to 50 microlayers, and more preferably, 4 to 20 microlayers. In one embodiment, the
outer layer may comprise from 2 to 30 microlayers of rigid polymer alternating with 2 to

30 microlayers of soft polymer.

[0025] The provision of a soft polymer layer alternating with a rigid polymer in
the outer layer cushions the core of the multilayer film, thereby providing a more flexible
core which is less prone to flex cracking that results in loss of barrier and mechanical
properties. Thus, the outer layer provides strength, abuse resistance, gloss, and

printability to the multi-layer film,

(0026] The outer layer may be bonded to the outer side of the core barrier via an
optional bulk layer, either by a soft layer of the outer layer of the film or by inclusion of
an additional tie layer. The bulk laycr comprises one or more polyolefins having a
density in the range of about 0.88g/cc to 1.04g/ce, and a melt index (MI) of from about
0.5MI to 10MI, preferably from about 1.0MI to 6 MI, such as elastomers, plastomers,
polypropylene homopolymer, copolymer, or terpolymer; styrene-based copolymers,
polystyrene, styrene block copolymer (SBC), low densily polyethylene (LDPE), cyclic
olefin copolymer (COC), acid polymers, high density polyethylene (IHIDPE), linear low
density polyethylene (LLDPE), metallocene LLDPE (mLLDPE), very low density
polyethylene (VLDPE), metallocene polyethylene (mPE), high density polyethylene
(HDPE), single site metallocene catalyst (SSC) based LLDPE, ethylene-vinyl acetate
(EVA), ethylene methacrylate (EMA), octene-LL, hexene-LL, butene- LL, ionomers, and
blends of any of these polymers. For example, the bulk layer may comprise 2 polymers
such as LLLDPE/EVA or LLDPE/clastomer. As one of skill in the art will appreciate, the
polymets of the bulk layer may be partially cross-linked prior to processing (lo improve
7
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shrink properties), and/or partially irradiated.

[0027] The bulk layer has a thickness in the range of about 1 to 50 microns,
preferably between 2 to 25 microns, more preferably from 2 to 5 microns, The bulk layer
may also comprise nanolayers, €.g. about 60-400 nanolayers, each nanolayer being at

least about 0.01 microns in thickness, or micro-layers of at least about 0.1 microns thick).

[0028] The bulk layer (or outer layer if there is no bulk layer) is bonded to the
outer side of the barrier core layer, optionally with a tie layer as described. The barrier
core layet provides either moisture or oxygen barrier properties, or both. Accordingly,
the core comprises one or more polymers that exhibit moisture barrier properties (e.g. an
OTR below 6 ccsmil/100 in2 «day+atm @73°F and 0% RH) and/or oxygen batrier
propetties (e.g. an MVTR below 1.0 gemil/100 in2 day @ 100F and 90% RH), such as
a polyamide, EVOII or polyvinylidene chloride (PVDC) (e.g. having an ethylene content
from 24 to 50 mole %, preferably from about 29% to about 44%, with over 98%
saponification and a melt index (MI) of from about 0.5MI to 10MI, preferably from about
1.6MI to 6 MI) as shown in Table 1.
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TABLE 1: Oxygen and Moisture Barrier Properties

MATERTAL OTR WYTR
LDPE B 420-450 LI-15
POLYPROPYLENE? 160-280 0.5-0.9
IIDPE" 150-290 0.4-09
cocc 0.06-0.14
PET 200-250 5.0-6.0
NYLON 6 2.2-5.0 18.0-23.0
NYLON 6/66 2.2-5.0 18.0-23.0
Pvdli-copolymer o 0.2-0.4
Barex 210¢ 0.7-0.8 5.0-6.0
EVOH-32¢ 0.02-0,05 14-1.8
PVAC (vde/ma) 0.05-0.07 0.03-0.05

OTR:  ecomil/100 in? *day-atm @73+F and 0% R

WVYTR: g'mil/100 in* «day @ 196+F and 90% RH

a, b: Low Oxygen barrier {OTR}, medium moisture vapor barrier (WVTR)

c: Low Oxygen barrier (OTR), but high moisture vapor barrier (WVTR)

&: High Oxygen barrier (OTR), OTR is ‘independent of Relative humidity? (RIT),
e: High oxygen barrier (OTR), but OTR is ‘dependent on Relalive humidity’ (IREL).
f: High oxygen barvier (OFER) , OTR is ‘independent of Relative humidity’ (RH),
and high moisture vapor barrier ( WVTR).

Please note: Nova® Chemical’s, HDPE SURPASS 11Ps167, FDS reports for 1.5 mit fitm, O1TR 30 em3/100in2fday, WVTR 0,07
g/100in2/day. All other reported data in the above table is for 1 mil film as supplied by rvesin suppliers.

[0029] In one embodiment, the barrier core layer is an EVOH layer comprising
hydrolyzed ethylene-vinyl acetate copolymer (saponification of up to or greater than
98%) with an ethylene content from about 27 to 48 mole percent. The barrier core may
_include a combination of polymers, for example, to achieve both oxygen and moisture
bartier properties, and may include micro- or nano- layers of polymers. Tie layers may
be included to bond different polymers within the barrier together., The thickness of the
barrier core layer may be in the range of from about 1 micron to 25 microns, more
preferably 2 to 10 microns. Examples of barrier cores include PVDChie/PVDC or
PVDC/tie/EVOH/tie/PVDC.

[0030] The barrier core may include additional polymer components such as slow
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crystallizing polyamide polymer (PA(SCP)), or a blend of PA(SCP) with PA (NCP) such
as PA-6, PA-6,66, PA-6,6, PA-11, PA-12, PA-6,10, PA-6,12, PA-4,6, aromatic PA,
amorphous PA or PA terpolymer. The thickness of each SCP layer may be from about 2
to about 20 microns, preferably from about 3 to 15 microns, or from about 4 to 10

microns.

[0031] The inner side of the barrier core is optionally bonded to a shrink layer,
optionally with a tie layer as described. The shrink layer comprises one or more
polyolefins having a density of 0.88g/cc to 0.92g/cc, and may exhibit at least about 10%
to 50% shrinkage at 90 °C, such as elastomers, plastomers, polypropylene copolymer, or
terpolymer; or a blend of low density polyethylene (LDPE), linear low density
polycthylene (LLDPL), metallocene LLDPE (inLLDPE), very low density polyethylene
(VLDPE), metallocene polyethylene (nPE), single site metallocene catalyst (SSC) based
LLDPE, ethylene-vinyl acetate (EVA), ethylene methacrylate (EMA), PP copolymer, PP
terpolymer, acid polymers, network polymers, ionomers with a melt index (MI) of from
about 0.5MI to 10MI, preferably from about 1.OMI to 6 MI, or an appropriatc blend
thereof (e.g. LLDPE/EVA or LLDPE/elastomer). The shrink layer may comprise micto-
(10-60' microlayers) or mnano- layers (60-400 nanolayers). To improve shrink
characteristics, the polymers utilized in the shrink layer may be partially cross-linked

prior to processing.

[0032] ‘The shrink layer may have a thickness in the range of about 1 to 50

microns, preferably between 2 to 25 microns, and more preferably from 3 to 10 microns;,

[0033] 'The shrink layer (or inner side of the core barrier layer, if no shrink layer
is included) is bonded to an inner sealant layer, optionally with a tie layer. The sealant
layer is the interior layer of the mulii-layer film, i.e. the layer that is adjacent to the
product being packaged or enrobed by the multi-layer film. The sealant layer comprises
one or more polyolefins sufficient to provide a seal, e.g. having a seal strength from about
2 to 20 lbs/inch and a density of 0.88g/cc {0 0.920g/cc, such as elastomers, plastomers,
polyethelene (PE), polyolefin (PO), polypropylene homopolymer, copolymer, or

terpolymer; or a blend of low density polyethylene (LDPE), medium density
10
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polyethylene (MDPE), lincar low density polyethylene (LLDPE), metallocene LLDPE
(mLLDPE), very low density polyethylene (VLDPE), metallocene polyethylene (mPE),
high density polyethylene (HDPE), single site metallocene catalyst (SSC) based LLDPE,
cthylene-vinyl acetate (EVA), ethylene methacrylate (EMA), ethyelene acrylic acid
(EAA), ethylene methacrylic acid, ethylene methyl acrylate copolymer (EMAC), salts of
ethylene acrylic acid or methacrylic acid, acid co-polymers, ionomers with a melt index
(MI) of from about 0.5MI to 10MI, preferably from about 1.6MI to 6 M, PP
homopolymers, copolymers, and terpolymers, and appropriate blends of any of these, In
one embodiment, the sealant layer may comprise linear low density polyethylene with a
melt index of from about 0.5 to about 6.0 decigram per minute, e.g. LLDPE (0.916 to
0.965 gfcc) density with appropriate blends of 0.88g/cc to 0.918g/cc) of LLDPE,
mLLPDE, plastomer, elastomers, EVA (VA 0.5% to 33%), EMA or ionomer. The

polymers utilized in the sealant layer may be partially cross-linked prior to processing,

[0034] The scalant layer may also comprise nano- or micro- layers of suitable
polymers. The sealant layer has a thickness in the range of about 5 to 50 microns,

preferably between 15 to 25 microns.

[0035] As will be appreciated by one of skill in the art the various layers of the
present film may be bonded together with a tie layer as described above. Thus, the outer
layer may be bonded to the bulk or core barrier layers with a tie layer, the bulk layer may
be bonded to the core barrier layer with a tie layer, the core barrier layer may be bonded
to the shrink or sealant layers with a tie layer, and the shrink and scalant layers may be
bonded with a tie layer. The tic layer may be 2-20 microns thick. Micro- or nano- layers

may also be bonded with tic layers.

10036] The present multi-layer film has a total thickness of from about 10 to
about 300 microns, preferably a thickness of from about 25 to about 150 microns, and
more preferably, a thickness of from about 25-100 microns, The films may have from 9
to 400 or more layers. The multi-layer film may exhibit shrinkage from about 5% to 40%

at 90°C. A mullilayer sheet comprising the present films may have a total thickness of 5

i1
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mil to 200mil (100-5000 microns), and preferably 10 mil to 120mil (250-3000 microns).

[0037] Examples of multilayer films in accordance with the invention include, but

are not limited to, the following:

¢ PET/ie/ PCTFE /tie/nylon-6(SCPYEVOH/nylon-6/(SCP)/tie /sealant layer,

e PETG/tie/ PCTFE /tie/nylon-6(SCP-*NCP blend)YEVOH/mylon-6(SCP+NCP
blend)/tie /sealant layer,

e PET/tie/ PVdF copolymer /tie/nylon-6(SCPYEVOH/nylon-6(SCP)/tie /sealant
layer,

e PET/tie/PVdF copolymer/tie/blend of nylon-6(SCP) and nylon 6/66
(NCPYEVOLH/ blend of nylon-6(SCP) and nylon 6/66(NCP)/tie/sealant layer,

* nylon-6(SCP)/tie/PVdF copolymer/tie/blend of nylon-6(SCP+NCP)/EVOH/blend
of nylon-6(NCP+SCP)/tie/scalant layer,

¢  PVDF copolymer/tie/blend of nylon-6 (SCP) and nylon 6/66/tie/bulk
layer/EVA/PVDC/EV A/sealant layer,

¢ PCTFE copolymer/tie/blend of nylon-6 (SCP) and nylon 6/66/tie/bulk
layet/EVA/PVDC/EV A/sealant layer,

¢ PET/tie/PVdF copolymer/tie/bulk layer/tie/blend of nylon-6 (SCP) and nylon 6/66
(NCP)/EVOH/ blend of nylon-6(SCP) and nylon 6/66(NCP)/tie/sealant layer,

e PET/tie/PVdF copolymer/tie/bulk layer/tie/blend of nylon-6(SCP) and nylon 6/66
(NCP)Y/EVOH/ blend of nylon-6(SCP) and nylon 6/66(NCP)/tie/shrink
layer/sealant layer,

e PVdF copolymer/tie/PETG copolymer/tie/bulk layet/tie/blend of nylon-6{SCP)
and nylon 6/66 (NCP)/EVOH/ blend of nylon-6(SCP) and nylon
6/66(NCP)/tie/shrink layer/sealant layer,

o (PETG-tie-PETG-tie)/tie/bulk layer/tie/nylon-6(SCPYEVOH/nylon-6(SCP)/tie
/shrink layer/sealant layer,

o (PETG-tic-PETG-tie)/tie/partially  cross-linked  bulk  layer  /tie/nylon-
6/EVOH/nylon-6/tie /shrink layer /sealant layer,
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¢ (PETG-tie-PETG-tie)/tic/bulk layct/tie/nylon-6/EVOIl/nylon-6/tie/partially cross-
linked shrink layer /sealant layer,

¢ (PETG-tie-PETG-tie)/tie/partially cross-linked buik layer /tie/nylon-
6/LEVOII/nylon-6/tie /partially cross-linked shrink layer /sealant layer,

¢ (PETG-tie-PETG-tic)/tie/ bulk nano-layer /tie/nylon-6(blend of SCP and
NCPYEVOH/nylon-6(blend of SCP and NCP)/tie/shrink nano-layer /partially
cross-linked sealant layer,

¢ (PET-tie-PET-tie/tie/bulk layer/tie/blend of nylon-6(SCP and NCP)/EVOI/ blend
of nylon-6(SCP and NCP)/tie/shrink layer/sealant layer,

e (PETG-tic-PETG-tie-PETG-tie-PETG-tie-PETG-tie)tie/bulklayer/tie/ nylon-6
(blend of SCP& NCP)/ EVOH/nylon-6(biend of SCP& NCP) /tie/ shrink
layer/secalant layer,

¢ PET-tie-PETG-tie)/tie/bulk layet/tie/ PVDC/EVA/PVDC/tie/shrink layer/sealant
laver,

¢ nylon-6(NCP)-tie-nylon-6(NCP)-tic/tie/bulk layer/tie/nylon-6(SCP) /EVOH/
nylon-6{SCP)/tie /shrink layer/sealant layer,

o nylen-6{NCP)-tie-nylon-6(NCP)-tie)/tic/partially cross-linked bulk layer /tie/
nylon-6/:VOH/Mmylon-6/ tie /shrink layer /sealant layer,

¢ nylon-6(NCP)-tie-nylon-6(NCP)-tie)/tic/ bulk layer /tie/nylon-6/EVOH/Mmylon-
6/tie / partially cross-linked shrink layer /Sealant layer,

¢ nylon-6(NCP)-tie-nylon-6(NCP)-tie)/tie/partially ~ cross-linked bulk  layer
/tie/nylon-6/EVOH/nylon-6/tie / partially cross-linked shrink layer /Sealant layer,

¢ nylon-6(NCP)-tie-nylon-6(NCP)-tie)/tie/ bulk nano-layer /tie/nylon-6(blend of
SCP & NCP)/EVOH/nylon-6(blend of SCP & NCP)/tie / shrink nano-layer
/partially cross-linked Sealant layer,

¢ nylon-6 (blend of SCP and NCP)-tie-nylon-6 (blend of SCP& NCP)-tie/tie/bulk
layer/tie/blend of nylon-6 (blend of SCP and NCPYEVOH/ blend of nylon-6(SCP
and NCP)/tie/shrink layer/Sealant layer,

¢ polyamide-tie-polyamide-tie-polyamide-tie-polyamide-tie-polyamide-tic/tic/bulk

laycr/tie/nylon-6 (blend of SCP and NCP)/EVOH/nylon-6 (blend of SCP and
NCP) /tie/ shrink layer/Seatant layer,
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e (nylon 6/66-tie-nylon-6/66-tie)/tie/bulk layer/tie/ PVDC/EVA/PVDC/tie/shrink
layer/Sealant layer,

e PCTFE-tie-PCTFE-tie)/tie/bulk layer/tie/(nylon-6(SCPYEVOH/nylon-6(SCP)tie
/shrink layer/sealant layer,

e PCTFE-tie-PCTFE-tie/tie/partially  cross-linked bulk layer /tie/ nylon-
6/EVOH/nylon-6/tie /shrink layer /Sealant layer,

e PCTFE-tie-PCTFE-tie/tie/ bulk layer /tie/nylon-6/EVOI/nylon-6/tie / partially
cross-linked shrink layer /Sealant layer,

* PCTFE-tie-PCTFE-tie)/tie/ partially cross-linked bulk layer /tie/nylon-
6/EVYOH/nylon-6/tic / partially cross-linked shrink layer /Sealant layer,

e PCTFE-tie-PCTFE-tie)/tie/ bulk nano-layer /tie/nylon-6(blend of SCP and
NCPYEVOH/nylon-6 (blend of SCP and NCP)/tie / shrink nano-layer /partiaily
cross-linked Sealant layer,

¢ PCTFE-tie-PCTFE-tie/tie/bulk layer/tie/blend of nylon-6(SCP and NCPYEVQH/
blend of nylon-6(SCP and NCP)/tie/shrink layer/Sealant layer and

e PP-tie-PP-tie/tic/bulk layet/tie/blend of nylon-6(SCP and NCP)/EVOH/ blend of
nylon-6(SCP and NCP)/tie/shrink layer/Sealant layet.

[0038] A multi-layer film in accordance with the present invention may be made
using various established methods. These methods include the use of an annular co-
extrusion dic as in double bubble, double bubble with annealing and blown processes (air
cooled and water cooled), and the use of flat co-exirusion dies as in a cast process, sheet
process, extrusion coating process, lamination and extrusion coating lamination. The
multi-layer film produced can be laminated on different surfaces (Biaxially-oriented
polyethylene terephthalate (BOPET), Biaxially-oriented polyproplylene (BOPP),
Biaxially-oriented polyamide (BOPA) films or PVC, PP ot APET sheets) by solvent,
solvent-less and water-based lamination processes to convert the multi-layer film info
bags, pouches, lidding, thermoformed products or stand-alone webs. The multilayer film
may also be used to produce containers, bottles, and the like by extrusion blow molding

or injection stretch blow moulding processes.

[0039] ‘The present mulfi-layer film may also be made by multilayer extrusion
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into a tubular bubble form, cooled and collapsed to form a sheet. The subsequently
collapsed film may be rcturncd to a second tubular bubble form, stretched radially and
longitudinally to produce a biaxially oriented heat shrinkable film, and may be collapsed
to again to a further sheet form. The further sheet form may be partially cross-linked by
exposure to high energy electrical radiation to improve the sealing properties of the

sealant layer.

{0040] The present muiti-layer film may also be made by extruding multi-layers
in cast form (Figure 4), multilayer blown form (Figure 5) to provide a multilayer plastic

film, which may be cooled, or may be laminated (Figurc 6) to a web before cooling.

[0041] Embodiments of the invention are described in the following specific

examples which are not to be construcd as limiting.

Example 1 — Double Bubble Process for making Multilayer film

[0042] In one of the embodiments of the invention, a multilayer {ilm of 9 layers
with excellent moisture, oxygen batrier and mechanical properties has been fabricated.
The structure of the multilayer film was: PVDF-copolymer/tie/PETG/tie/PA6 (SCP+
NCPYEVOH/PA 6 (SCP'+ NCP)/tie/Sealant layer. The outer layer of this film is heat
resistant and provides a moisture bartier fo protect the inner layers, PETG/PA/EVOH.
The total thickness of the multilayer film was from 25 microns to 120 microns, and was

preferably from about 30 microns to about 100 microns.

[0043] The first outer layer was PVDF, density 1.78g/cc, viscosity 6 to 10KPS,
melting point 163 °C, and a thickness of 2 microns. The bonding tie layer was a PVdF-
based copolymer, density 1.6 g/cc. The bulk layer was LLDPE, density 0.912, melt index
1.0. The core oxygen barrier layer was a combination of EVOH (ethylene 38mole%),
density 1.17g/cc and PA 6 (SCR), density 1.14g/cc and of PA 6 (NCP)density 1.14g/cc.
The subsequent tie layer was an ethylene-based copolymer. The shrink layer was a
plastomer, density 0.904 g/cc, melt index 1.0, and the sealant layer was a blend of linear
low density LLDPE, density g/cc 0.918, melt index 1.0 and plastomer density 0.902 g/cc
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and melt index 1.0. The double bubble line (extruder were heated from 160°C to 200°C,
and die was hcated at 210°C). The line was started with 2 MI LDPE in all extruders,
with later barrel profile changed slightly (as per resin supplier specification for each
resin) and each layer was changed one by one until all desired materials and layer ratios
were obtained. The primary speed was from 4,5 meter/min, the tube thickness was 900
microns, the tube was heated in a hot water bath (85 °C) and oriented in MD and TD

direction and secondary nip was at 20m/min to make a final film of 65 microns.

[0044] The biaxially oriented heat shrinkable multilayer film was produced by the
known double bubble method. Referring to Figurc 2, a tubular nine layer film was
produced by using nine extruders 12 (only one is shown). The polymers extruded by
extruders 12 were fod to an annular die 14, and tubular primary tube of nine layers
extruded downwardly therefrom. The tubular thirteen layer primary tube was cooled in a
cold water tank 16 located under the die 14 and containing water at a temperature of
about 25°C or lower. The bubble 10 formed by a multilayer primary tube was squeezed
by nip roll 20 in the cold water tank 16 which collapsed the primary tube from bubble
form to sheet form. The cold water in the tank 16 quenched the tubular primary tube to
maintain the amorphous state of the plastic material and to lower the temperature thereof
so that substantially no crystalline growth occurred in the polymer tube which would

inhibit the subsequent process of orientation.

[0045] The collapsed primary tube 21 from the cold water tank 16 was passed
over idler rolls 24 and through a pair of nip rolls 26. The collapsed film 21 was then
passed from the nip rolls 26 through a water heating section 28 and blown to form a
second bubble 30, which was subsequently collapsed by a collapsing frame 32. The
collapsed film 31 was then passed through a pair of nip rolls 34, which were rotated at
three to five times faster than nip roll 26, with the air in the bubble 30 being entrapped
therein by the rolls 26, 34. This resulted in biaxial orientation of the film lengthwise
(MD) and breadthwise (TD). The collapsed film 31 was then passed over further idler

rolls 35 and wound in the form of a roll 36.

[0046] The collapsed film was then passed through an annealing station 38 which
16
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stabilized the film to prevent shrinkage on the rolls 36. The bi-axially oriented, heat

shrinkable film may be slit to remove trim, if desired.

Example 2 — Double Bubble Process for making Multilayer filin

{0047] In another embodiment of the invention, a multilayer (ilm (13 layers) with
exccllent moisture, oxygen barrier and mechanical properties was fabricated. The
structure of the multilayer film is: PAG/66-tie]l -PA6/66-tie2/tie/bulk  layer/tie/
PYDC/EVA/PVDC/tiefshrink layer/scalant layer. The first outer micro-layer was
PA666, melling point 195°C, density 1.2g/ce, and tiel/2 layer was LLDPE-maleic
anhydride. The outer microlayer had a thickness of about 2 microns. The bonding tie
layer was an ethylene-based copolymer, having a melt index of 2.7 and density of 0.90
g/cc. The bulk layer was VLDPE, with a density of 0.912 and melt index of 1.0. The
core oxygen and moisturc barrier layer of PVDC (VDC content - 98%), MA-based
copolymer, EVA 2MI, VA 25-28%. Each PVDC layer was 2 to 4 microns, while the
EVA layer was 2 to 3 microns. The tie layer was an ethylene-based copolymer. The
shrink layer was a plastomer, density 0.902 g/ce, melt index 1.0. The sealant layer was a
blend of ULDPE, density 0.912, melt index 1.0 and plastomer density 0.902 and melt

index 1.0,

[0048] The biaxially oriented heat shrinkable multilayer film was produced by the
double bubbie method, illustrated in Fig. 2. The tubular thirteen layer film was produced
by using eleven extruders as described in Example 1. The polymers were extruded by
extruders 12 (only 1 extruder is shown) were fed to an annular die 14, and tubular
primary tube of thirteen layers extruded downwardly therefrom. The tubular thirteen
layer primaty tube was cooled in a cold water tank 16 located under the die 14 and
containing water at a temperature of about 25°C or lower, The bubble 10 formed by a
multilayer primary tube was squeezed by nip roll 20 in the cold water tank 16 which
collapsed the primary tube from bubble form to sheet form. The cold water in the tank 16
quenched the tubular primary tube to maintain the amorphous state of the plastic material
and to lower the temperature thereof so that substantially no crystalline growth could

oceur in the polymer tube which would inhibit the subsequent process of orientation.
17
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[0049] The collapsed primary tubc 21 from the cold water tank 16 was passed
over idler rolls 24 and through a pair of nip rolls 26 (at a speed depending upon thickness
of primary tube, layflat and material, for example, primary nip can be rotated 2m/min to
90m/min). The collapsed film 21 was then passed from the nip rolls 26 through a water
heating section 28 and blown to form a second bubble 30, which was subsequently
collapsed by a collapsing frame 32. The collapsed film 31 was then passed through a pair
of nip rolls 34, which were rotated at three to five times faster than nip rolls 26, with the
ait in the bubble 30 being entrapped therein by the rolls 26, 34. This resulted in biaxial
orientation of the film lengthwise (MD) and breadthwise (TD). The collapsed film 31 was

then passed over further idler rolls 34 and wound in the form of a roll 36.

[0050] The collapsed film was then passed by an annealing station 38 (annealing
temperature depends upon polymer material fabricating the film, and could be from 50 °C
to 140 °C) to stabilize the film and fo prevent shrinkage from the rolls 36. The bi-axially

oriented, heat shrinkable film may be slit to remove trim if desired.

[0051] The resulting bi-axially oriented heat shrinkable film had a physical
thickness of 40 microns. The film exhibited excellent oxygen, moisture and mechanical
properties. The film was flexed 100 times without any visible mechanical cracks
appearing. The film was tested for shrinkage and showed an excellent shrinkage of 30%
in TD and 30% in MD at 90°C.

Example 3: Double Bubble Process with Annealing for making multilayer filn

{0052] In another embodiment, a multilayer film (13 layers) with excellent
moisture, oxygen barrier and mechanical properties was fabricated having the following
structure: PETGI1-tiel-PETG2-tie2/tie/bulk  layer/tie/(PA6(blend of SCP &
NCP)YEVOH/PA6(blend of SCP& NCP)/tie /shrink layer/sealant layer. The first outer
layer (in micro-layer configuration) was PETG, density 1.33g/cc, intrinsic viscosity 0,79
dl/g, melting point 225°C and (ie %% resin was an ethylene-based copolymer, melt index
2.7, density 0.90 gfcc. The thickness of the 4 micro-layers was 2 microns, The bonding
tie layer was an ethylene-based copolymer, melt index 2.7, density 0.90 g/cc. The bulk
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layer was LLDPE, density 0.916, melt index 1.0. One micro-layer block of PA6
(homopolymer nylon), melting point 220 °C, tie layer was LLDPE-maleic anhydride.
The core oxygen barrier layer was a combination of EVOH (ethylene 38 mole%), density
1.17g/cc and PA 6 (SCR), densily 1.1dg/cc and of PA 6 (NCP)density 1.14g/cc. The
subsequent tie layer was an ethylene-based copolymer. The shrink layer was a plastomer,
density 0.902 g/cc, melt index 1.2, and the sealant layer was a blend of linear low density
LLDPE, density g/cc 0.918, melt index 1.0 and plastomer density 0.902 g/cc and melt

index 1.0,

[0053] The first outer layer (in micro-layer configuration) was PETG, density
1.33g/ce, intrinsic viscosity 0.79 di/g, melting point 225°C  and tie % resin was an
ethylenc-bascd copolymer, melt index 2.7, density 0.90 g/ce. The thickness of the 4
micro-layers was 2 microns. The bonding tie layer was an ethylene-based copolymer,
melt index 2.7, density 0.90 g/cc. The bulk layer was LLDPE, density 0.916, melt index
1.0. One micro-layer block of PA6 (homopolymer nylon), melting point 220 °C, tie layer
was LLDPE-maleic anhydride. The core oxygen barrier layer was a combination of
EVOH (ethylene 38 mole%), density 1.17g/cc and PA 6 (SCR), density 1.14g/cc and of
PA 6 (NCP)density 1.14g/cc. The subsequent tie layer was an ethylene-based copolymer.
The shrink layer was a plastomer, density 0.902 g/cc, melt index 1.2, and the sealant layer
was a blend of linear low density LL.DPE, density g/cc 0.918, melt index 1.0 and
plastomer density 0.902 g/cc and melt index 1.0.

|0054] The multilayer film was produced using the double bubble method with
annealing as shown in Fig. 3, using eleven extruders 12 (only one is shown). The
polymers were sequentially extruded by extruders 12, fed to an annular die 14, and
primary tube of thirteen layers was extruded downwardly therefrom. The thirteen layer
primary tube was cooled in a cold water tank 16 located under the die 14 and containing
water at a temperature of about 25°C or lower. The bubble 10 formed by a multilayer
primary tube was squeezed by nip roll 20 in the cold water tank 16 to collapse the film
from bubble form to sheet form 21. The cold water in the tank 16 quenched the primary

tube to maintain the amorphous state of the plastic material and to Iower the temperature

19

78/300



WO 2017/063087 PCT/CA2016/051196

thereof so that substantially no crystalline growth occurred in the polymers of the primary

tube which would inhibit the subscquent process of orientation.

[0055] The collapscd primary tube 21 was passed over idler rolls 24 and through
a pair of nip rolls 26. The collapsed film 21 was then passed from the nip rolls 26 through
an infrared heating section 28 and blown to form a second bubble 30, which was
subseqt,lf:ntljr collapsed by a collapsing frame 32. The collapsed film 31 was then passed
through a pair of nip rolls 34, which were rotated at three to five times faster thaﬁ nip
rolls 26, with the air in the bubble 30 being entrapped therein by the rolls 26, 34 (nip
rollers are opened and air is introduced by blowing air using air nozzle and then nip is
closed to trap air between primary and secondary nip rollers). This resulted in biaxial
orientation of the film lengthwise (MD) and breadthwise (TD). The collapsed film 31 was
then passed over idler rolis 36 and then from nip rolls 42 through an infrared heating
section 48 and blown to form a third bubble 50 for annealing, which was subsequently
collapsed by a collapsing frame 43. The collapsed film 51 was then passed through a pair
of nip rolls 46, which were rotated slightly slower than nip roll 42 (nip speed depends
upon the film structure, for example, it could be from 5 m/min to 500m/min) with the air
in the bubble 50 being entrapped therein by the rolls 42, 46, This results in annealing of
film 51. The collapsed film 51 is then passed over further idler rolls 54 and wound in the
form of a roll §6. The biaxially oriented heat stabilized low shrink film 51 may be slit to
remove {rim if desired (line specd depends upon the process conditions and film

structure; the film is anncaled at 110 °C).

[0056] The resulting bi-axially oriented heat shrinkable film had a physical
thickness of 40 microns and showed excellent oxygen, moisture and mechanical
properties. The film was flexed 100 times without any visible mechanical cracks

appearing. The film was tested for shrinkage and showed a low shrinkage (30%) at 90 °C.

Example 4: Double Bubble Process with Annealing for making multilayver film

[0057] A nine layer biaxially oriented shrink plastic film was prepared by the

double bubble (with annealing) blown method as described in Example 3. The structure
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of the multilaycr film was: PETG/tie/PVdF-copolymer
layer/tie/(PAG(SCP+NCPYEVOII/PA6(SCP+NCP) /tie/Sealant layer. The first outer
laycr was PETG, density 1.33g/cc, intrinsic viscosity 0,79 dl/g, melting point 225°C. The
thickness of the outer layer was 1.5 microns. The tie layer was PVDF-maleic anhydride
and its thickness was 1.5 microns. The next layer was PVAF copolymer, melting point
145°C, density 1.8g/cc, thickness 1.5 microns, and the tie layer was PVdF-maleic
anhydride with a thickness of 1.5 microns. The next layer was a blend of SCP (PA6) and
NCP (PA6) having a melting point of 220 °C, and a density of 1.14g/cc. The core oxygen
batrier layer was EVOH (ethylene 38molc%), density 1.17g/cc; and the tie layer was an
ethylene-based copolymer, melt index 2.7, density 0.90 g/ce; the sealant layer was a
blend of linear low density LLDPE, density 0.918 g/cc, melt index 1.0, and plastomer
having a density of 0.902 g/cc. The resulting bi-axially oriented heat shrinkable film has a
physical thickness of 55 microns and showed excellent oxygen, moisture and mechanical
properties. The film was flexed 100 times without any visible mechanical cracks

appearing. The film was tested for shrinkage and showed a low shrinkage (10%) at 90°C.

Example 5: Cast film process for making a multilayer filin

[0058] A muiltilayer film having the structure: PA6(NCP)1-ticl-PA6(NCP)2-
tie2/tie/bulklayer/tie/(PA6(SCP)EVOH/PA6(SCP)tie/bulk layer/ sealant layer was
produced by a cast film process as illustrated in Fig, 4. The total thickness of the
multilayer cast film was between about 120 microns to about 250 microns. In the cast
process, melt temperature of all polymers was in the range of 230 °C to 255 °C, the line
speed was in 10m/min to 25m/min (depending upon the thickness), and the cast sheet was
cooled by a set of 2 chill rolls.

[0059] A cast sheet of thirteen layers was produced by using eleven extruders 42
(only one is shown). The polymers extruded by the extruder 42 were fed to a cast film
die 43, and the cast film was extruded downwards therefrom over a chill roll 46 which
cools the film. The cast sheet was passed though nip rolls 52 and idler rolls 56, 58 and

was wound onto roll 60.

21

80/300



WO 2017/063087 PCT/CA2016/051196

CLAIMS

1. A multilayer film comprising:

- a core barrier layer having an outer side and an inncr side, said core barrier layer
comprising one or more barrier polymers that exhibit moisture and/or oxygen barrier
properties, wherein said barrier polymer is optionally coupled to a slow crystallizing
polyamide or a polymer blend thereof,

- an outer layer bonded to the outer side of the core barrier layer comprising a
rigid polymer having an inherent viscosity (IV) in the range of about 3.2 to 4.7, wherein
the outer layer optionally comprises slow crystallizing potymer (SCP) or a polymer blend
thereof; and

- a sealant layer bonded to the inner side of the core barricr layer comprising one

or more polyolefins sufficient to provide a seal.

2. The multilaycr film according to claim 1, wherein the outer layer comprises at
least one material selected from the group consisting of polyester, glycol-modified
polyester (PETG), and a polyamide (PA) selected from nylon-6, nylon-6,6, nylon-6/66,
nylon-11, nylon-12, nylon-4,6, nylon 6/9, nylon-6/10, nylon 6/12, nylon terpolymer,
aromatic nylon, amorphous nylon, nylon-6 slow crystallizing polymer and a blend of

nylon-6 slow crystallizing polymer with normal crystallizing polyamide.

3. The multilayer film according to claim 1, wherein the outer layer
comprises at least one matcrial selected from the group consisting of
polychlorotrifluoroethene (PCTFE), polyvinylidene fluoride (PVDF) copolymers, cyclic
olefin copolymer {COC), polyolefin, blends of COC with polyolefin, polyethylene or
polypropylene, polystyrene, styrene butadiene copolymer, poly(methylmethacrylate),
polyethylene terpthalate (PET), polyethylene naphthalate (PEN), polybutylene

terephthalate, polylactic acid and mixtures thereof.

4. The multilayer film according to claim 1, wherein the outer layer
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comprises at least one matcrial sclected from the group consisting of low density
polyethylenc, linear low density polyethylene, metallocene-based linear low density
polyethylene, polypropylene, copolymers of polypropylene, high-density polyethylene,

ionomers, and mixtures thereof.

5. The multilayer [ilm according to claim 1, wherein the outer layer comprises a
rigid polymer having an inherent viscosity (IV) in the range of about 3.2 to 4.7 (96%
sulfuric acid, 1g/100ml} and a soft polymer having a melt index of from about 0.5 MI to
6 MI.

6. The multilayer film according to claim 5, wherein the rigid polymer is selected
from the group consisting of polyester, glycol-modified polyester (PETG), nylon-6,
nylon-6,6, nylon-6/66, nylon-11, nylon-12, nylon-4,6, nylon 6/9, nylon-6/10, nylon 6/12,
nylon terpolymer, aromatic nylon, amorphous nylon, nylon-6 slow crystallizing polymer,
a blend of nylon-6 slow crystallizing polymer (SCP) with normal crystallizing polyamide
(NCP), polychlorotrifluoroethene (PCTFE), polyvinylidene fluoride (PVDF) copolymers,
cyclic olefin copolymer (COC), polyolefin, blends of COC with polyolefin, polyethylenc
or polypropylene, polystyrene, styrene butadiene copolymer, poly(methylmethacrylate),
amorphous polyethylene terpthalate (APET), polyethylene naphthalate (PEN),
polybutylene terephthalate, polylactic acid, low density polyethylene, linear low density
polyethylene, metallocene-based linear low density polyethylene, polypropylene,
copolymers of polypropylene, high-density polyethylene, ionomers, and mixtures

thereof.

7. The multilayer film according to claim 5, wherein the soft polymer is selected
from the group consisting of maleic anhydride grafied onto linear low density
polyethylene (LLDPE), low density polyethylene (LDPE), ethylene vinyl acetate (EVA)
or EMA (ethylene methacrylate), optionally blended with polyolefin such as
polypropylene, polyethylene, LLDPE, metallocene LLDPE (mLLIDPE), high density
polyethylene (HDPE), COC, plastomer or elastomers.
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8. The multilayer film according to claim 1, wherein the outer layer has a thickness

in the rangc of from about 0.5 to about 10 microns.

9. The multilayer film according to claim 1, comprising a bulk layer between the
outer layer and the core barrier layer, said bulk layer comprising one or more polyolefins
having a density in the range of about 0.88g/cc to 1.04g/ce, and a melt index (MI) of
from about 0.5MI to 10MIL.

10. The multilayer film according to claim 9, whercin the bulk layer comprises an
elastomer, plastomer, polypropylene homopolymer, copolymer, or terpolymer; styrene-
based copolymers, polystyrene, styrene block copolymer (SBC), low density
polyethylene (LDPE), cyclic olefin copolymer (COC), an acid polymer, high density
polyethylene (HDPE), linear low density polyethylene (LLDPE), metallocene LLDPE
(mLLDPE), very low density polyethylene (VLDPE), metallocene polyethylene (mPE),
high density polyethylene (HDPE), single site metallocene catalyst (SSC) based LLDPE,
ethylene-vinyl acetate (EVA), ethylene methacrylate (EMA), octene-LL, hexene-L1.,

butene- LL, ionomer, or blends of any of these polymers,

11. The muliilayer film according to claim 9, wherein the bulk layer has a thickness

in the range of about 1 to 50 microns.

12, The multilayer film according to claim 1, wherein the core barrier layer comprises
a polymer selected from the group consisting of a polyamide, EVOH or polyvinylidene
chloride.

13, The multilayer film according to claim 1, wherein the core barrier layer has a

thickness from about 1 to about 25 microns.

14, The multilayer film according to claim 1, wherein the core barrier layer
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additionally includes slow crystallizing polyamide polymer, or a blend of a slow
crystallizing polyamide polymer with nylon-6, nylon-6,6, nylon-6/66, nylon-11, nylon-
12, nylon-4,6, nylon 6/9, nylon-6/10, nylon 6/12, nylon terpolymer, aromatic nylon or

amorphous nylon,

15, The multilayer film according to claim 1, wherein the sealant layer comprises one
or more polyolefins having a seal strength from about 2 to 20 Ibs/inch and a density of
0.88g/cc to 0.920g/cc.

16. The multilayer film according to claim 15, wherein the sealant layer comprises
one or more elastomers, plastomers, polyethelene (PE), polyolcfin (PO), polypropylene
homopolymer, copolymer, or terpolymer; low density polyethylene (LDPE), medium
density polyethylene (MDPE), linear low density polyethylene (LLDPE), metallocene
LLDPE (mLLDPE), very low density polyethylene (VLDPE), metallocene polyethylene
(mPE), high density polyethylene (HDPE), single site metallocene catalyst (SSC) based
LLDPE, ethylene-vinyl acetate (EVA), ethylene methacrylate (EMA), ethyelene acrylic
acid (EAA), ethylene methacrylic acid, ethylene methyl acrylate copolymer (EMAC),
salts of etlrylene acrylic acid or methacrylic acid, acid co-polymers, ionomers with a melt

index (MI) of from about 0.5MI to 10MI, and mixtures thereof.

17. The multilayer film according to claim 15, wherein the sealant layer has a

thickness in the range of about 5 to 50 microns.

18. The multilayer film according to claim 1, comprising a shrink layer between the

core barricr layer and the sealant layer.
19. The multilayer film according 1o claim 18, wherein the shrink layer comprises one
or more polyolefins having a density of 0.88g/cc to 0.92g/cc, and which exhibit at least

about 10% to 50% shrihkage at 90 °C,

20. The multilayer film according to claim 18, wherein the shrink layer comprises one
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or more elastomers, plastomers, polypropylene, polypropylene copolymer or
polypropylene terpolymer; low density polyethylene (LDPE), linear low density
polyethylenc (LLDPE), metallocene LLDPE (mLLDPE), very low density polyethylene
(VLDPE), metallocene polyethylene (mPE), single site metallocene catalyst (SSC) based
LLDPE, ethylene-vinyl acetate (EVA), ethylene methacrylate (EMA), acid polymers,
network polymers, ionomers with a melt index (MI) of from about 0.5MI to 10MI, or

mixtures thereof.

21, The multilayer film according to claim 18, wherein the shrink layer has a

thickness in the range of about 1 to 50 microns.

22, The multilayer film according to claim 1, wherein layers of the film may be
bonded with a tie layer comprising maleic anhydride grafted onto linear low density
polyethylene (LLDPE), low density polyethylene (LDPE), ethylene vinyl acetate (EVA)
or EMA (ethylene methacrylate), optionally blended with polypropylene, polyethylene,
LLDPE, metallocene LLDPE (inLLDPE), high density polyethylene (HDPE), COC,

plastomer or elastomers.

23. The multilayer film according to claim 22, wherein each tie layer has a thickness

in the range of about 2 to 20 microns.

24, The multilayer film according to claim 1, wherein the total thickness of said film

is in the range of about 10 to about 300 microns.

25. A multilayer film selected from the group consisting of}
¢ PET/tie/ PCTFE /tie/nylon-6(SCPYEVOH/nylon-6/(SCP)/tie /sealant layer,

¢ PETG/tie/ PCTFE /tie/nylon-6(SCP+NCP blend)/EVOH/nylon-6(SCP+NCP
blend)/tie /sealant layer,

¢ PET/tie/ PVdF copolymer /tie/mylon-6(SCPYEVOH/nylon-6(SCP)/lie /sealant
layer,
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e PET/tie/PVdF copolymer/tie/blend of nylon-6(SCP) and nylon 6/66
(NCPYEVON/ blend of nylon-6(SCP) and nylon 6/66(NCP)/tie/sealant layer,

e nylon-6(SCP)/tie/PVdF copolymet/tie/blend of nylon-6(SCP+NCPYEVOH/blend
of nylon-6(NCP+SCP)/tie/sealant layer,

¢ PVDF copolymer/tie/blend of nylon-6 (SCP) and nylon 6/66/tie/buik
layer/EVA/PVDC/EV A/sealant layer,

e PCTFE copolymer/tie/blend of nylon-6 (SCP) and nylon 6/66/tie/bulk
layer/EVA/PVDC/EV A/scalant layer,

¢ PET/ie/PVdF copolymer/tie/bulk layer/tie/blend of nylon-6 (SCP) and nylon 6/66
(NCPYEVOH/ blend of nylon-6(SCP) and nylon 6/66(NCP)/tie/sealant layer,

e PET/tie/PVdF copolymer/tie/bulk layer/tie/blend of nylon-6(SCP) and nylon 6/66
(NCP)YEVOH/ blend of nylon-6(SCP) and nylon 6/66(NCP)/tie/shrink
layet/sealant layer,

¢ PVdF copolymer/tie/PETG copolymer/tie/bulk layer/tie/blend of nylon-6(SCP)
and nylon 6/66 (NCP)/EVOH/ blend of nylon-6(SCP) and nylon:
6/66(NCP)/tie/shrink layer/sealant layer,

¢ (PETG-tie-PETG-tie)/tic/bulk layer/tie/nylon-6(SCP)/EVOH/nylon-6(SCP)/tie
/shrink layer/sealant layer,

e (PETG-tie-PETG-tie)/tie/partially  cross-linked  bulk  layer  /tic/nylon-
6/EVOH/nylon-6/tie /shrink layer /scalant laycr,

s (PETG-tic-PETG-tie)/tie/bulk layer/tie/nylon-6/EVOH/nylon-6/tie/partially cross-
linked shrink layer /sealant layer,

e (PETG-lie-PETG-lie)/tie/partially cross-linked bulk layer /tie/nylon-
6/EVOH/mylon-6/tie /partially cross-linked shrink layer /scalant layer,

¢ (PETG-tie-PETG-tie)/tie/ bulk nano-layer /tic/nylon-6(blend of SCP and
NCPYEVOH/nylon-6(blend of SCP and NCP)/tie/shrink nano-layer /partially
cross-linked sealant layer,

e (PET-tie-PET-tie/tie/bulk layer/tie/blend of nylon-6(SCP and NCP)/EVOH/ biend
of nylon-6(SCP and NCP)/tie/shrink layer/sealant layer,
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° (PETG-tie-PETG-tic-PETG-tie-PETG-tie-PETG-tie)tie/bulklayer/tie/ nylon-6
(blend of SCP& NCP)/ EVOH/nylon-6(blend of SCP& NCP) /tie/ shrink
layer/sealant layer,

o PET-tie-PETG-tie)/tie/bulk layer/tie/ PVDC/EV A/PVDC/tie/shrink layer/sealant
layer,

¢ nylon-6(NCP)-tie-nylon-6(NCP)-tie/tie/buik layer/tie/mylon-6(SCP) /EVOILL/
nylon-6(SCP)/tie /shrink layer/sealant layer,

e nylon-6{(NCP)-tie-nylon-6(NCP)-tie)/tic/partially cross-linked bulk layer /tie/
nylon-6/EVOH/nylon-6/ tie /shrink layer /sealant layer,

¢ nylon-6(NCP)-tie-nylon-6(NCP)-tie)/tie/ bulk layer /tie/nylon-6/EVOH/nylon-
6/tie / partially cross-linked shrink layer /Sealant layer,

* nylon-6(NCP)-tie-nylon-6(NCP)-tie)/tie/partially ~ cross-linked  bulk  layer
/tie/nylon-6/EVOH/nylon-6/tie / partially cross-linked shrink layer /Sealant layer,

¢ nylon-6(NCP)-tie-nylon-6(NCP)-tie)/tic/ bulk nano-layer /ftie/nylon-6(blend of
SCP & NCP)/EVOH/Mmylon-6(blend of SCP & NCP)/tie / shrink nano-layer
/partially cross-linked Sealant layer,

e nylon-6 (blend of SCP and NCP)-tie-nylon-6 (blend of SCP& NCP)-tie/tie/bulk
layer/tie/blend of nylon-6 (blend of SCP and NCP)/EVOH/ blend of nylon-6(SCP
and NCP)/tie/shrink layer/Sealant layer,

e polyamide-tie-polyamide-tie-polyamide-tic-polyamide-tie-polyamide-tie/tie/bulk
layer/tie/nylon-6 (blend of SCP and NCPYEVOH/nylon-6 (blend of SCP and
NCP}) /tie/ shrink layer/Sealant layer,

e (nylon 6/66-tie-nylon-6/66-tie)/tie/bulk layer/tie/ PVDC/EVA/PVDC/tie/shrink
layer/Sealant layer,

¢ PCTFE-tie-PCTFE-tie)/tie/bulk  layer/tie/(nylon-6(SCPYEVOH/nylon-6(SCP)tic

/shrink layer/sealant layer,
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¢ PCTFE-tie-PCTTC-tie/tie/partially  cross-linked  bulk layer /tie/ nylon-
6/LLVOI1/nylon-6/tie /shrink layer /Sealant layer,

e PCTFE-tie-PCTFE-tie/tie/ bulk layer /tie/nylon-6/EVOH/Mmylon-6/tie / partially
cross-linked shrink layer /Sealant layer,

e PCTFE-tie-PCTFE-tie)/tie/ partially cross-linked bulk layer /tie/nylon-
6/EVOH/mylon-6/tie / partially cross-linked shrink layer /Sealant layer,

¢ PCTFE-tie-PCTFE-tie)/tie/ bulk nano-layer /tie/nylon-6(blend of SCP and
NCPYEVOH/nylon-6 (blend of SCP and NCP)tie / shrink nano-layer /partially

cross-linked Sealant layer,

¢ PCTFE-tie-PCTFE-tie/tie/bulk layer/tie/blend of nylon-6(SCP and NCPYEVOH/
blend of nylon-6(SCP and NCP)/tie/shrink layer/Sealant layer and

* PP-tie-PP-tie/tie/bulk layer/tie/blend of nylon-6(SCP and NCPYEVOH/ blend of
nylon-6(SCP and NCP)/tie/shrink layer/Sealant layer.
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POLYMERIC SUBSTRATE WITH A SURFACE HAVING REDUCED BIOMOLECULE ADHESION, AND THERMOPLASTIC
ARTICLES OF SUCH SUBSTRATE

[0001] This specification claims the priority of U.S. Provisional Patent Application Ser. No.
62/320,246, filed April 8, 2016. That application is incorporated here by reference in its entirety to

provide continuity of disclosure.

[0002] The technology relates generally to a surface, or surface modification of a plastic
substrate (sometimes referred to in this disclosure as a contact surface), having reduced biomolecule
adhesion to the surface. More particularly, the technology relates to a plastic substrate, e.g., a

medical device or item of laboratory ware, having reduced protein adhesion to the substrate surface.

[0003] In blood, biomolecule, and blood analyte testing, it is desirable to minimize
biomolecule adsorption and binding to plastic ware used with these biological substances. Plastic
microwell plates, chromatography vials, and other containers, as well as pipetles (sometimes spelled
“pipets”), pipette tips, centrifuge tubes, microscope slides, and other types of laboratory ware (also
known as labware) used to prepare and transfer samples commonly have hydrophobic surfaces and
readily adsorb biomolecules such as proteins, DNA, and RNA. Surfaces of these and other types of
laboratory ware components made of polymeric plastic can cause binding of the biomolecule
samples. It is thus a desire (o provide surfaces [or plastic laboratory ware and other articles that

contact biological substances, to reduce a wide range of biomolecules from adhering.

[0004] The present invention also relates to the technical field of fabrication of coated vessels
for conducting chemical, biochemical, medical, and/or biological uses. These methods and systems
are essential in a variety of applications including medical diagnostics, medical treatment, food and
beverage testing, food and beverage packaging, environmental monitoring, manufacturing quality

control, drug discovery, and scientific research.

99/300
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[0005] Laboratory in vitro and analytical testing is commonly carried out on special-purpose
laboratory glassware and plastic ware to contain and locate the test samples. Traditionally glassware
was used, and continues to be used, but glassware is readily breakable, very expensive, prone to
particulate problems, yields heavy metal extractables, and can cause aggregation of proteins and

other biologics.

[0006] Some of these problems can be addressed by substituting injection molded plastic
ware for glassware. In particular, plastic ware is preferred in the biologics area, such as areas of
medicine, medical research, drug discovery, and scientific research, due to the large number of issues
with glassware. Plastic ware addresses some of the problems with glassware, but plastic ware creates
certain problems as well. It can cause non-specific binding of biomolecules to the plastic ware as
well as non-specific adsorption of biomolecules to the plastic ware. Plastic ware also contains
leachables, preventing the use of plastic ware or making it undesirable for many types of Laboratory

in vitro and analytical testing.

[0007] In addition, pipettes, pipette tips and centrifuge tubes are other types of laboratory
ware used to prepare and transfer samples and transfer reagent solutions, and again can be glassware
or plastic ware. In blood, biomolecule, and blood analyte testing, it is desirable to minimize
biomolecule adsorption and non-specific biomolecule binding to the plastic ware. Further, it is
desirable to minimize biomolecule adsorption and non-specific binding of biomolecules to the plastic
ware in in vitro and analytical testing. Plastic microwell plates, vials, and other containers, as well as
pipettes, pipette tips, centrifuge tubes, and other types of laboratory ware used to prepare and transfer
samples having hydrophobic surfaces readily adsorb biomolecules such as proteins, DNA, and RNA.
Surfaces of these and other types of laboratory ware components made of polymeric plastic can
cause non-specific binding of the samples. Surfaces of these and other types of labware components
made of glass can cause particulate problems, have heavy metal extractables, and can cause
aggregation of proteins and other biomolecules. Previous hydrophilic coatings, including
polyethylene glycol (PEG) and zwitterion polymeric coatings have been found to provide excellent
biomolecule adsorption performance. Many of these polymeric coatings are not covalently bound to

the article surface and have potential to move (dissolve, disperse) into the fluid payload causing

9.
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interference with assay testing and/or exposing the plastic surface to protein surface adsorption,
limiting their utility. Polymeric coating that are covalently attached to the article surface would not
have the potential to move (dissolve, disperse) into the fluid payload, eliminating this source of
interference with assay testing. Further, covalently bound polymeric coating would prevent
movement of the polymeric surface coating, thereby preventing undesired exposure of the article

surface.

[0008] There is therefore a need for covalently bound polymeric coatings for the surface of
plastic laboratory ware such as microwell plates, vials, other containers, pipettes, pipette tips,
centrifuge tubes, and that will inhibit the adsorption of biomolecules to the surface of the plastic.
Likewise, there is a need for bound polymeric coatings for the surface of plastic laboratory ware such
as microwell plates, vials, other containers, pipettes, pipette tips, centrifuge tubes, and that will
prevent movement of the polymeric surface coating thereby preventing undesired exposure of the

plastic surface.

[0009] An important consideration in manufacturing packaging for regulated products, e.g.,
pharmaceuticals, is to ensure that the pharmaceutical product to be contained within a package is
substantially free of contaminants. Therefore, processes for manufacturing and filling pharmaceutical

packages with product, are typically performed under cleanroom conditions.

[0010] One cause of potential contamination is particulates. Particulate contamination may
originate from various sources, which may be generally divided into two categories: (1) intrinsic
contaminants; and (2) extrinsic contaminants. Intrinsic contaminants are product and process related
particulates, for example, laser etching residues, filter media, cleanroom uniform fibers, rubber and
plastic particles from filter housing, and needle shields. Extrinsic contamination comes from sources

unrelated to product or process, for example, hair, skin cells, pollen, clothing fibers, salt and soil.

[0011] While filtration systems and good manufacturing practices can limit the surface and
airborne particulate count in an area where containers are being manufactured or filled, these things
do not always reduce particulate count on the container surfaces to acceptable levels. One particular
challenge is presented by static charges of manufactured plastic containers, which tend to attract

charged particles. Even if the airborne/surface particulate count is relatively low, a plastic container
-3-
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with a strong static charge can attract particulate contaminants and cause them to adhere to the

container.

[0012] Attempted solutions to this problem include use of antistatic additives for polymers,
such as ethoxylated alkylamines, ethoxylated alkyl amides, glycerol stearates, fatty acid esters, esters
or ethers of polyols and sodium alkyl sulfonates. The amounts of such additives in polymers typically
vary from 0.1% to 3% by weight. While these additives are somewhat effective in reducing the static
charges of plastic articles that incorporate them, the additives are mobile in the polymer matrix and
tend to bloom to the surface. Additives that bloom to the surface can contaminate the surface and the

contents, especially liquid contents, of a container made from a polymer with such additives.

[0013] There is therefore a need for plastic articles that are treated to reduce their static
charge without the use of typical antistatic additives, which may themselves be a source of
contamination. Likewise, there is a need for methods of treating plastic articles to reduce their static
charge without the use of typical antistatic additives. Additionally, many of these coatings require

fluid phase chemistry, comprising reactants and solvents.
SUMMARY

[0014] An aspect of the invention is a polymeric substrate consisting essentially of a contact
surface and an interior portion. The contact surface includes from 1 to 30 atomic oxygen atoms,
from 0 to 30 atomic % nitrogen atoms, and from 70 to 99 atomic % carbon atoms. The atomic %

values are measured by x-ray photoelectron spectroscopy (XPS).

[0015] Another aspect of the invention is a method of forming the substrate of any preceding
claim by providing a polymeric article having a contact surface comprising carbon and treating the
contact surface. The contact surface is treated with a conversion plasma comprising water vapor and
oxygen. The treatment is carried out under conditions effective to form a converted surface having a
biomolccule recovery percentage greater than the biomolecule recovery percentage of the contact
surface before treating the contact surface with the conversion plasma. The biomolecule recovery

percentage is determined for an aqueous protein dispersion having a concentration from 0.01 nM to
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1.4 nM, optionally 0.05 nM to 1.4 nM, optionally 0.1 nM to 1.4 nM, in contact with the converted

surface.

[0016] Other aspects of the invention overcome the deficiencies of prior coatings and coated
vessels by providing covalently bound polymeric zwitterionic monolayers or epoxy-modified
zwitterion-containing copolymeric monolayers which can provide excellent inhibition of surface
absorption of biomolecules and inhibition of non-specific binding of biomolecules with the surface
without concern for polymer dissolution/dispersion into the fluid media. Embodiment (i) provides
the reaction of a surface-bound hydroxyl group with a siloxane-functional polymer containing
zwitterion functionality. Embodiment (ii) provides the reaction of a hydroxylated plastic or SiOx-
coated glass surface with an epoxy-modified zwitterion-containing copolymers to assure covalent

surface bonding.

[0017] The invention utilizes covalent bond formation between a hydroxylated plastic or
Si0x-coated glass surface and, in Embodiment (i) a zwitterion-siloxane copolymer, resulting from
condensation (water or volatile alcohol loss (e.g., surface SIOH + polymer (zwitterion-siloxane-
Si(OR)x) — surface SiO-Si (polymer (zwitterion-siloxane))) + ROH or in Embodiment (ii) an
epoxy-modified zwitterion-containing copolymer, resulting from functionalization of a hydroxylated
plastic or SiOx-coated glass surface with a silyl amine coupling agent followed by further
functionalization with a zwitterionic epoxy copolymer to form a epoxy-modified zwitterion-

containing copolymeric monolayer.

[0018] The invention generally relates to a method for coating a surface of a vessel, such as
laboratory ware and vessels used, e.g., for purposes of analytical chemistry, medical research, drug
discovery, and scientific research (e.g., chromatography vials, microplates, pipettes, pipette tips,
centrifuge test tubes, and the like), or other vessels and/or surfaces that come into contact with
biomolecule containing substances such as beakers, round bottom flasks, Erlenmeyer flasks,
graduated cylinders, and the like. Biomolecules may include, for example, simple biomolecules (e.g.,
nucleotides, amino acids, simple sugars and fatty acids), nucleic acid molecules, polynucleotides,
polypeptides, polysaccharides, lipids, steroids, or a conjugate of these (e.g., a glycoprotein, a
lipoprotein, a glycolipid, DN A-protein conjugate), antibodies, receptors, receptor fusion constructs,

5-
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receptor fusion proteins, chimeric proteins, antibody fusion constructs, antibody fusion proteins, as
well as cells, viruses, and bacteria. The preferred application of the present invention is with, for
example, non-parenteral containers, although parenteral containers treated according to processes

disclosed herein are also within the scope.

[0019] More particularly, the present invention relates to, for example, covalently bound (1)
polymeric zwitterionic monolayers or (ii) epoxy-modified zwitterion-containing copolymeric
monolayers, which have been known to show superior resistance to non-specific biomolecule, such
as protein, adsorption and/or non-specific binding in the laboratory environment, where the
zwitterionic deposition has been done using multiple step processes. Here, a commercially viable
process offering both low cost and product performance has been developed based on the concept of
the unique biomolecule, such as protein, adsorption resistance feature of covalently bound (i)
polymeric zwitterionic monolayer coatings or (ii) epoxy-modified zwitterion-containing copolymeric
monolayer. Covalently bound (i) polymeric zwitterionic monolayer coatings or (ii) epoxy-modified
zwitterion-containing copolymeric monolayer coatings for these products improve their sample-
contact characteristics, for example to adapt them for contact with biomolecule containing samples,
such as protein or other peptide or polypeptide samples, to provide a surface which has, for example,
non-binding or low-binding properties. For example, the present invention contemplates methods (or
coating surfaces of these products with a covalently bound (i) polymeric zwitterionic monolayer
coatings or (ii) epoxy-modified zwitterion-containing copolymeric monolayer coating, to yield a non-
specific biomolecule adsorption and/or non-specific binding resistant surface coating. These
covalently bound (i) polymeric zwillerionic monolayer coatings or (ii) epoxy-modilied zwillerion-
containing copolymeric monolayer coatings have favorable properties when used as a coating for

surfaces that come into contact with biomolecule containing samples.

[0020] Additionally, in one aspect, the invention is a method of reducing static charge of a
plastic container. The invention utilizes the reaction of a (i) surface-bound hydroxyl group or (ii)
hydroxylated plastic or SiOx-coated glass surface with a siloxane-functional polymer containing
zwitterion functionality to provide covalently bound (i) polymeric zwitterionic monolayer coatings or

(i1) epoxy-modified zwitterion-containing copolymeric monolayers which can provide excellent

G-
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biomolecule adsorption inhibition and non-specific biomolecule surface binding inhibition without
concern for polymer dissolution/dispersion into the fluid media. The coating reduces static charge of
the container compared (o a reference container that is essentially identical to the container except

that the reference container is uncoated.
[0021] The invention utilizes sequential reactions.

[0022] In Embodiment (i), these sequential reactions involve (1) utilizing a hydroxy-
modified or an SiOx plasma-modified surface followed by (2) forming a zwitterion-siloxane
copolymer, resulting from condensation (water or volatile alcohol loss (e.g. surface SIOH + polymer
(zwitterion-siloxane-Si(OR)x) — surface SiO-Si (polymer (zwitterion-siloxane))) + ROH. In certain
embodiments, a hydroxyl-functional surface can be (A) formed, e.g., from O2/plasma reaction onto a
carbon-based polymer surface (AC), forming C-OH moieties, or onto a silicon-based (SiO2 or
silicone) surface (ASi), forming Si-OH moieties. Additionally, hydroxyl-functional surfaces can be
(B) inherent to the nascent surface, e.g., polymers such as polyvinyl alcohol (PVOH) or silicon-based
polymer surfaces (SiO2 or silicones). Thus the O2/plasma surface preparation method can be

optional if inherent hydroxyl moieties are present on the surface.

[0023] In Embodiment (ii) these sequential reactions involve (1) forming a hydroxy-modified
or an SiOx plasma-modified surface followed by (2) forming an amine modified surface by reacting
the hydroxy-modified or an SiOx plasma-modified surface with a silyl amine coupling agent
followed by (3) forming an amine linked by condensation of the amine modified surface with an

epoxy-modified zwitterion-containing copolymer.

[0024] The coating may be both polymeric and hydrophilic (binds water to ionic moieties)
providing a durable steric and bound-water barrier to biomolecule adsorption and non-specific

biomolecule binding onto plastic surlaces.

[0025] While the zwitterionic layers may be thinner than preformed polymeric zwitterionic
coatings, solvent coating methods, thru evaporation, can cause non-uniform coatings, resulting in (a)

optically observable nonuniformities, (b) wasted coating (more coating thickness than
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required/desired), and the inventive materials should provide good biomolecule adsorption and/or
binding inhibition.
[0026] A non-exhaustive list of patents of possible relevance includes U.S. Pat. Nos.

6.068.884 and 4,844,986 and U.S. Published Applications 20060046006, 20040267194,
20140004022, and 20130209766.

[0027] All references cited herein are incorporated herein by reference in their entireties.

[0028] The invention provides a method for providing a non-specific biomolecule adsorption
and/or binding resistant coated surface which exhibits low- or non-binding of biomolecules and/or

low or non-adsorption of biomolecules.

[0029] Embodiment (1) of the method compriscs the steps of: (a) providing a substratc in a
reaction chamber; (b) drawing a vacuum in the reaction chamber; (c) providing a gas comprising O2
in the vicinity of the substrate surface; (d) generating a plasma from the gas, thus forming a hydroxyl
functional substrate surface, and optionally heating the substrate; (e) providing a copolymer solution
comprising a solvent and at lcast one zwittcrionic copolymer, wherein the at Icast one zwittcrionic
copolymer comprises at least one siloxane moiety and at least one zwitterion moiety; (f) reacting the
hydroxyl functional surface with the at least one zwitterionic copolymer and optionally heating the
substrate; (g) optionally waiting; (h) removing the copolymer solution, and optionally drying the
non-specific biomolecule adsorption and/or non-specific binding resistant coated surface, optionally
heating the surface, thus forming a non-specific biomolecule adsorption and/or non-specific binding

resistant coated surface.

[0030] Embodiment (ii) of the method comprises the steps of (a) providing a substrate in a
reaction chamber; (b) drawing a vacuum in the reaction chamber; (¢) providing a gas comprising O2,
optionally containing argon, optionally containing nitrogen in the vicinity of the substrate surface; (d)
gencrating a plasma from the gas, thus forming a preparced substrate surface, and optionally heating
the substrate; (e) providing a vapor comprising at least one silyl amine coupling agent to provide an
amine modified substrate; (f) providing a copolymer solution comprising a solvent, wherein the

copolymer comprises at least one copolymerizable zwitterionic monomer and at least one
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copolymerizable epoxy monomer, optionally in the presence of a polymerization initiator; (g)
reacting the copolymer with the amine modified substrate and optionally heating the substrate; (h)
optionally waiting; (i) removing the copolymer, and optionally drying the non-specific biomolecule
adsorption and/or non-specific binding resistant coated surface, optionally heating the surface, thus

forming a non-specific biomolecule adsorption and/or non-specific binding resistant coated surface.

[0031] Either embodiment (i) or (ii) provides a method for providing a non-specific
biomolecule adsorption and/or non-specific binding resistant coated surface which exhibits low- or

non-binding of biomolecules and/or low or non-adsorption of biomolecules.

[0032] Embodiment (i) comprises the steps of: (a) providing a substrate in a reaction
chamber; (b) drawing a vacuum in the reaction chamber; (c¢) providing a gas comprising an
organosilicon precursor and optionally O2 in the vicinity of the substrate surface; (d) generating a
plasma from the gas, thus forming a thus forming a hydroxyl functional substrate surface; (e)
providing a copolymer solution comprising a solvent and at least one zwitterionic copolymer,
wherein the at least one zwitterionic copolymer comprises at least one siloxane moiety and at least
one zwitterion moiety; (f) reacting the hydroxyl functional surface with the at least one zwitterionic
copolymer and optionally heating the substrate; (g) optionally waiting; (h) removing the copolymer
solution, and optionally drying the non-specific biomolecule adsorption and/or binding resistant
coated surface, optionally heating the surface, thus forming a non-specitic biomolecule adsorption

and/or binding resistant coated surface.

[0033] Embodiment (ii) comprises the steps of: (a) providing a substrate that is a Si0x-
coated glass surface reaction chamber; (b) drawing a vacuum in the reaction chamber; (c) providing a
gas comprising O2, optionally containing argon, optionally containing nitrogen in the vicinity of the
substrate surface; (d) generating a plasma from the gas, thus forming a prepared substrate surface,
and optionally heating the substrate; (e) providing a vapor comprising at least one silyl amine
coupling agent to provide an amine modified substrate; (f) providing a copolymer solution
comprising a solvent, wherein the copolymer comprises at least one copolymerizable zwitterionic
monomer and at least one copolymerizable epoxy monomer, optionally in the presence of a

polymerization initiator; (g) reacting the copolymer with the amine modified substrate and optionally
9.
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heating the substrate; (h) removing the copolymer solution, (i) optionally drying the non-specific
biomolecule adsorption and/or non-specific binding resistant coated surface, and (j) optionally
heating the surface, thus forming a non-specific biomolecule adsorption and/or binding resistant

coated surface.

[0034] Embodiment (i) provides a method for providing a non-specific biomolecule
adsorption and/or non-specific binding resistant coated surface which exhibits low- or non-binding
of biomolecules and/or low or non-adsorption of biomolecules, the method comprising the steps: (a)
providing a substrate with a hydroxyl functional surface; (b) providing a copolymer solution
comprising a solvent and at least one zwitterionic copolymer, wherein the at least one zwitterionic
copolymer comprises at least one siloxane moiety and at least one zwitterion moiety; (c) reacting the
hydroxyl functional surface with the at least one zwitterionic copolymer and optionally heating the
substrate; (d) optionally waiting;(e) removing the copolymer solution, and optionally drying the non-
specific biomolecule adsorption and/or binding resistant coated surface, optionally heating the

surface, thus forming a non-specific biomolecule adsorption and/or binding resistant coated surface.

[0035] Embodiment (i) provides a method wherein the zwitterionic copolymer binds

covalently to the prepared substrate surface.

[0036] Embodiment (ii) provides a method wherein the at least one silyl amine coupling
agent is selected from the group consisting of 3-Aminopropyltriethoxysilane, 3-

Aminopropyltrimethoxysilane, 4- Aminobutyltriethoxysilane, M- Aminophenyltrimethoxysilane, P-

Aminophenyltrimethoxysilane, O-Aminophenyltrimethoxysilane, 3-
Aminopropyltris(Methoxyethoxyethoxy)Silane, 11-Aminoundecyltriethoxysilane, 3-(M-
Aminophenoxy)Propyltrimethoxysilane, Aminopropylsilanetriol, 3-
Aminopropylmethyldiethoxysilane, 3-Aminopropyldiisopropylethoxysilane, 3-

Aminopropyldimethylethoxysilane, N-(2-Aminoethyl)-3-Aminopropyltrimethoxysilane, N-[3-

(Trimethoxysilyl)Propyl]Ethylenediamine, N-(2-Aminoethyl)-3-Aminopropyltriethoxysilane,

N-(6-Aminohexyl) Aminomethyltriethoxysilane, N-(6- Aminohexyl)Aminopropyltrimethoxysilane,

N-(2-Aminoethyl)-11-Aminoundecyltrimethoxysilane,

(Aminoethylaminomethyl)Phenethyltrimethoxysilane, N-3-[(Amino(Polypropylenoxy)],
-10-
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Aminopropyltrimethoxysilane, N-(2-Aminoethyl)-3-Aminopropylsilanetriol, N-(2-Aminoethyl)-3-
Aminopropylmethyldimethoxysilane, N-(2- Aminoethyl)-3- Aminoisobutylmethyldimethoxysilane,

(Aminoethylamino)-3-Isobutyldimethylmethoxysilane, (3-
Trimethoxysilylpropyl)Diethylenetriamine, N-Butylaminopropyltrimethoxysilane, N-
Ethylaminoisobutyltrimethoxysilane, N-Methylaminopropyltrimethoxysilane, N-
Phenylaminopropyltrimethoxysilane, 3-(N-Allylamino)Propyltrimethoxysilane,
(Cyclohexylaminomethyl)Triethoxysilane, N-Cyclohexylaminopropyltrimethoxysilane, N-
Ethylaminoisobutylmethyldiethoxysilane, (Phenylaminomethyl)Methyldimethoxysilane, N-
Phenylaminomethyltriethoxysilane, N-Methylaminopropylmethyldimethoxysilane,  Bis(2-
Hydroxyethyl)-3- Aminopropyltriethoxysilane, 3-(N-Styrylmethyl-2-Aminoethylamino)-

Propyltrimethoxysilane Hydrochloride, (2-N-Benzylaminoethyl)-3- Aminopropyl-Trimethoxysilane,
Bis(Triethoxysilylpropyl)Amine, Bis(Trimethoxysilylpropyl)Amine, Bis[(3-
Trimethoxysilyl)Propyl]- Ethylenediamine, Bis[(3-Trimethoxysilyl)Propyl]-Ethylenediamine,
Bis(Methyldiethoxysilylpropyl)Amine, N-Allyl-Aza-2,2-Dimethoxysila- Cyclopentane, N-
Aminoethyl-Aza-2.2 .4-Trimethyl-Silacyclopentane, N-(3-Aminopropyldimethylsila)Aza-2,2-
Dimethyl-2-Silacyclopentane, N-N-Butyl-Aza-2,2-Dimethoxysila- Cyclopentane, 2,2-Dimethoxy-
1,6-Diaza-2-Silacyclo-Octane, N-Methyl-Aza-2.2.4-Trimethylsila-Cylcopentane, 1-(N-(IN',N'-

dimethylaminoethyl))-1-aza-2,2.4-trimethyl-2-silacyclopentane and combinations thereof.

[0037] Embodiment (ii) provides a method wherein the at least one copolymerizable
zwitterionic monomer is selected from the group consisting of 2-(meth)acryloyloxyethyl-2'-
(trimethylammonio)ethyl phosphate (including MPC), 2-(methacryloxy)ethyl 2-
(diimethylammonio)ethyl phosphate (aka = 2-methacryloyloxyethyl phosphorylcholine; 2-
(methacryloxy)ethyl-2-(dimethylammonio)ethylcarboxylate; 2-(methacryloxy)ethyl-2-
(dimethylammonio)propylsulfonate; 2-(methyacrylamido)ethyl-2-
(dimethylammonio)propylsulfonate; phosphoric acid 2-(methacryloyloxy)ethyl 2-
(trimethylammonio) ethyl ester); 3-(meth)acryloyloxypropyl-2'-(trimethylammonio)ethyl phosphate,
4-(meth)acryloyloxybutyl-2'-(trimethylammonio)ethyl phosphate 5-(meth)acryloyloxypentyl-2'-
(trimethylammonio)ethyl  phosphate,  6-(meth)acryloyloxyhexyl-2'-(trimethylammonio)ethyl
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phosphate, 2-(meth)acryloyloxyethyl-2'-(trimethylammonio)ethyl phosphate, 2-
(meth)acryloyloxyethyl-2'-(tripropylammonio)ethyl  phosphate, 2-(meth)acryloyloxyethyl-2'-
(tributylammonio)ethyl ~ phosphate, 2-(meth)acryloyloxypropyl-2'-(trimethylammonio)ethyl
phosphate, 2-(meth)acryloyloxybutyl-2'-(trimethylammonio)ethyl phosphate, 2-
(meth)acryloyloxypentyl-2'-(trimethylammonio)ethyl phosphate, 2-(meth)acryloyloxyhexyl-2'-
(trimethylammonio)ethyl  phosphate, 2-(meth)acryloyloxyethyl-3'-(trimethylammonio)propyl
phosphate, 3-(meth)acryloyloxypropyl-3'-(trimethylammonio)propyl phosphate, 4-
(meth)acryloyloxybutyl-3'-(trimethylammonio)propyl phosphate, 5-(meth)acryloyloxypentyl-3'-
(trimethylammonio)propyl phosphate, 6-(meth)acryloyloxyhexyl-3'-(trimethylammonio)propyl
phosphate, 2-(meth)acryloyloxyethyl-4'-(trimethylammonio)butyl phosphate, 3-
(meth)acryloyloxypropyl-4'-(trimethylammonio)butyl phosphate, 4-(meth)acryloyloxybutyl-4'-
(trimethylammonio)butyl  phosphate, 5-(meth)acryloyloxypentyl-4'-(trimethylammonio)butyl
phosphate, 6-(meth)acryloyloxyhexyl-4'-(trimethylammonio)butyl phosphate, 2-(vinyloxy)ethyl-2'-
(trimethylammonio)ethyl phosphate, 2-(allyloxy)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-(p-
vinylbenzyloxy)ethyl-2'-(trimethylammonio)ethyl = phosphate, 2-(p-vinylbenzoyloxy)ethyl-2'-
(trimethylammonio)ethyl phosphate, 2-(styryloxy)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-(p-
vinylbenzyl)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-(vinyloxycarbonyl)ethyl-2'-
(trimethylammonio)ethyl =~ phosphate,  2-(allyloxycarbonyl)ethyl-2'-(trimethylammonio)ethyl
phosphate, 2-(acryloylamino)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-
(vinylcarbonylamino)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-(allyloxycarbonylamino)ethyl-

2'-(trimethylammonio)ethyl phosphate, 2-(butyroyloxy)ethyl-2'-(trimethylammonio)ethyl phosphate,

2-(crotonoyloxy)ethyl-2'-(trimethylammonio)ethyl phosphate, ethyl-(2'-
trimethylammonioethylphosphorylethyl) [umarate, butyl - (2'-
trimethylammonioethylphosphorylethyl) fumarate, hydroxyethyl - 2'-
trimethylammonioethylphosphorylethyl)fumarate, 2-hydroxyethyl(meth)acrylate, 2-

hydroxypropyl(meth)acrylate; polyalkylene glycol(meth)acrylate monomers diethylene glycol
mono(meth)acrylate, polyethylene glycol mono(meth)acrylate, polypropylene glycol
mono(meth)acrylate, methoxydiethylene glycol(meth)acrylate, methoxypolyethylene

glycol(meth)acrylate, methoxypolypropylene glycol(meth)acrylate; w-carboxy(meth)acrylates,
-12-
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phthalic acid monohydroxyethyl(meth)acrylate, hexahydrophthalic acid
monohydroxyethyl(meth)acrylate, ®m-carboxy-polycaprolactone (n=2 to 5) mono(meth)acrylate,
(meth)acryloyloxyethyl succinate; N-vinyl-2-pyrrolidone, vinylpyridine, (meth)acrylamide,
(meth)acrylic acid, 2-acrylamide-2-methylpropanesulfonic acid, dimethylaminoethyl(meth)acrylate,
diethylaminoethyl(meth)acrylate, maleic anhydride, and glyco-2-hydroxyethyl monomethacrylate
(GEMA), [1-carboxyethyl-3.,3-dimethyammoniumethylmethacylate  and  sulfopropyl-3.3-

dimethyammoniumethylmethacylate, and combinations thereof.

[0038] Embodiment (i1) provides a method wherein the at least one copolymerizable epoxy
monomer is selected from the group consisting of glycidyl acrylate, glycidyl methacrylate (GMA),
(E)-(oxiran-2-yl)methyl but-2-enoate, (3,3-dimethyloxiran-2-yl)methyl methacrylate, (E)-(oxiran-2-
yDmethyl cinnamate, (oxiran-2-yl)methyl 2-methylenebutanoate, 1-(oxiran-2-yl)propyl acrylate, 1-
(oxiran-2-yl)ethyl methacrylate, (oxiran-2-yl)methyl 3-methyl-2-methylenebutanoate, (oxiran-2-
yDmethyl 2-methylenepentanoate, (3-methyloxiran-2-yl)methyl acrylate, 2-(oxiran-2-yl)propan-2-yl
acrylate, (oxiran-2-yl)methyl 2-methylenehexanoate, (3-methyloxiran-2-yl)methyl methacrylate, and

(3,3-dimethyloxiran-2-yl)methyl acrylate and combinations thereof.

[0039] Embodiment (ii) provides a method wherein the epoxy-modified zwitterionic

copolymer binds covalently to the amine modified substrate.

[0040] In either embodiment (i) or (ii), the solvent is selected from the group consisting of
water, methanol, ethanol, isopropanol, tetrahydrofuran, 1,4-dioxane, 1,2-dimethoxyethane, N,N-
dimethylformamide, dimethylsulfoxide, methylene chloride, 1,2-dicholorethane and combinations

thereof.

[0041] Either embodiment (i) or (ii) provides a method wherein the non-specific biomolecule
adsorption and/or non-specific binding resistant coated surface has decreased binding of

biomolecules compared to a non-treated substrate.

[0042] Either embodiment (i) or (ii) provides a method wherein the biomolecule is selected
from the group consisting of nucleotides, amino acids, sugars, fatty acids, nucleic acid molecules,

polypeptides, polynucleotides, polysaccharides, lipids, steroids, glycoproteins, lipoproteins,
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glycolipids, DNA, DNA-protein conjugates, RNA, RNA-conjugates, antibodies, and receptors,
receptor fusion constructs, receptor fusion proteins, chimeric proteins, antibody fusion constructs,

and antibody fusion proteins.

[0043] Either embodiment (i) or (ii) provides a method wherein the substrate is a surface of a
vessel.
[0044] Either embodiment (i) or (ii) provides a method wherein the vessel is selected from

the group consisting of a microplate; a centrifuge tube; a pipette tip; a cuvette, a microwell plate; an
ELIS A plate; a microtiter plate; a 96-well plate; a 384-well plate; a 1536-well plate; a round bottom

flask; and an Erlenmeyer flask.

[0045] Embodiment (i) provides, as one alternative, a non-specific biomolecule adsorption
and/or non-specific binding resistant coated substrate made by: (a) providing a substrate in areaction
chamber; (b) drawing a vacuum in the reaction chamber; (c¢) providing a gas comprising an
organosilicon precursor and optionally O2 in the vicinity of the substrate surface; (d) generating a
plasma from the gas, thus forming a hydroxyl functional substrate surface; () providing a copolymer
solution comprising a solvent and at least one zwitterionic copolymer, wherein the at least one
zwitterionic copolymer compriscs at Icast onc siloxanc moicty and at Icast onc zwitterion moicty; (f)
reacting the hydroxyl functional surface with the at least one zwitterionic copolymer and optionally
heating the substrate; (g), optionally waiting; (h) removing the copolymer solution, and optionally
drying the non-specific biomolecule adsorption and/or binding resistant coated surface, optionally
heating the surface, thus forming a non-specific biomolecule adsorption and/or binding resistant

coated substrate.

[0046] Embodiment (i) further provides, as another alternative, a non-specific biomolecule
adsorption and/or non-specific binding resistant coated substrate made by: (a) providing a substrate
with a hydroxyl functional surface; (b) providing a copolymer solution comprising a solvent and at
least one zwitterionic copolymer, wherein the at least one zwitterionic copolymer comprises two or
more monomers, comprising at least one siloxane moiety and at least one zwitterion moiety; (c)
reacting the hydroxyl functional surface with the at least one zwitterionic copolymer and optionally

heating the substrate; (d) optionally waiting; (e¢) removing the copolymer solution, and optionally
-14-
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drying the non-specific biomolecule adsorption and/or binding resistant coated surface, optionally
heating the surface, thus forming a non-specific biomolecule adsorption and/or binding resistant

coated substrate.

[0047] Embodiment (ii) provides a non-specific biomolecule adsorption and/or non-specific
binding resistant coated substrate made by: (a) providing a substrate in a reaction chamber; (b)
drawing a vacuum in the reaction chamber; (¢) providing a gas comprising O2 optionally containing
argon, optionally containing nitrogen in the vicinity of the substrate surface; (d) generating a plasma
from the gas, thus forming a prepared substrate surface, and optionally heating the substrate; (e)
providing a vapor comprising at least one silyl amine coupling agent to provide an amine modified
substrate; (f) providing a copolymer solution comprising a solvent, wherein the copolymer
comprises at least one copolymerizable zwitterionic monomer and at least one copolymerizable
epoxy monomer, optionally in the presence of a polymerization initiator; (g) reacting the copolymer
with the amine modified substrate and optionally heating the substrate; removing the copolymer
solution, and optionally drying the non-specific biomolecule adsorption and/or binding resistant
coated surface, optionally heating the surface, thus forming a non-specific biomolecule adsorption

and/or binding resistant coated substrate.

[0048] Embodiment (i) provides a non-specific biomolecule adsorption and/or binding
resistant coated substrate wherein the non-specific biomolecule adsorption and/or binding resistant
coating has decreased binding of biomolecules compared to a non-treated substrate. The biomolecule
is selected from the group consisting of nucleotides, amino acids, sugars, fatty acids, nucleic acid
molecules, polypeptides, polynucleotides, polysaccharides, lipids, steroids, glycoproteins,
lipoproteins, glycolipids, DNA, DNA-protein conjugates, RNA, RNA-conjugates, antibodies, and
receptors, receptor fusion constructs, receptor fusion proteins, chimeric proteins, antibody fusion

constructs, and antibody fusion proteins.

[0049] Embodiment (ii) provides a non-specific biomolecule adsorption and/or non-specific
binding resistant coated substrate made by: (a) providing a substrate that is a SiOx-coated glass
surface reaction chamber; (b) drawing a vacuum in the reaction chamber; (c¢) providing a gas
comprising O2, optionally containing argon, optionally containing nitrogen in the vicinity of the
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substrate surface; (d) generating a plasma from the gas, thus forming a prepared substrate surface,
and optionally heating the substrate; (e) providing a vapor comprising at least one silyl amine
coupling agent to provide an amine modified substrate; (f) providing a copolymer solution
comprising a solvent, wherein the copolymer comprises at least one copolymerizable zwitterionic
monomer and at least one copolymerizable epoxy monomer, optionally in the presence of a
polymerization initiator; (g) reacting the copolymer with the amine modified substrate and optionally
heating the substrate; (h) optionally waiting; (i) removing the copolymer solution, and optionally
drying the non-specific biomolecule adsorption and/or non-specific binding resistant coated surface,
optionally heating the surface, thus forming a non-specific biomolecule adsorption and/or binding

resistant coated substrate.

[0050] In Embodiment (ii), the at least one silyl amine coupling agent is selected from the
group consisting of 3-Aminopropyltriethoxysilane, 3-Aminopropyltrimethoxysilane, 4-

Aminobutyltriethoxysilane, M-Aminophenyltrimethoxysilane, P-Aminophenyltrimethoxysilane, O-

Aminophenyltrimethoxysilane, 3-Aminopropyltris(Methoxyethoxyethoxy)Silane, 11-
Aminoundecyltriethoxysilane, 3-(M-Aminophenoxy)Propyltrimethoxysilane,
Aminopropylsilanetriol, 3-Aminopropylmethyldiethoxysilane, 3-

Aminopropyldiisopropylethoxysilane, 3-Aminopropyldimethylethoxysilane, N-(2- Aminoethyl)-3-
Aminopropyltrimethoxysilane, N-[3-(Trimethoxysilyl)Propyl]Ethylenediamine, N-(2-Aminoethyl)-
3-Aminopropyltriethoxysilane, N-(6-Aminohexyl)Aminomethyltriethoxysilane, N-(6-
Aminohexyl)Aminopropyltrimethoxysilane, N-(2-Aminoethyl)-11-Aminoundecyltrimethoxysilane,
(Aminoethylaminomethyl)Phenethyltrimethoxysilane, N-3-[(Amino(Polypropylenoxy)],
Aminopropyltrimethoxysilane, N-(2-Aminoethyl)-3-Aminopropylsilanetriol, N-(2- Aminoethyl)-3-
Aminopropylmethyldimethoxysilane, N-(2-Aminoethyl)-3- Aminoisobutylmethyldimethoxysilane,

{(Aminoethylamino)-3-Isobutyldimethylmethoxysilane, 3-

Trimethoxysilylpropyl)Diethylenetriamine, N-Butylaminopropyltrimethoxysilane, N-

Ethylaminoisobutyltrimethoxysilane, N-Methylaminopropyltrimethoxysilane, N-

Phenylaminopropyltrimethoxysilane, 3-(N-Allylamino)Propyltrimethoxysilane,

(Cyclohexylaminomethyl)Triethoxysilane, N-Cyclohexylaminopropyltrimethoxysilane, N-
-16-
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Ethylaminoisobutylmethyldiethoxysilane, (Phenylaminomethyl)Methyldimethoxysilane, N-
Phenylaminomethyltriethoxysilane, N-Methylaminopropylmethyldimethoxysilane,  Bis(2-
Hydroxyethyl)-3- Aminopropyltriethoxysilane, 3-(N-Styrylmethyl-2-Aminoethylamino)-

Propyltrimethoxysilane Hydrochloride, (2-N-Benzylaminoethyl)-3- Aminopropyl-Trimethoxysilane,
Bis(Triethoxysilylpropyl)Amine, Bis(Trimethoxysilylpropyl)Amine, Bis[(3-
Trimethoxysilyl)Propyl]- Ethylenediamine, Bis[(3-Trimethoxysilyl)Propyl]-Ethylenediamine,
Bis(Methyldiethoxysilylpropyl)Amine, N-Allyl-Aza-2,2-Dimethoxysila- Cyclopentane, N-
Aminoethyl-Aza-2,2 4-Trimethyl-Silacyclopentane, N-(3-Aminopropyldimethylsila)Aza-2,2-
Dimethyl-2-Silacyclopentane, N-N-Butyl- Aza-2,2-Dimethoxysila- Cyclopentane, 2.2-Dimethoxy-
1,6-Diaza-2-Silacyclo-Octane, N-Methyl-Aza-2,2.4-Trimethylsila-Cylcopentane, 1-(N-(N',N'-

dimethylaminoethyl))-1-aza-2,2 4-trimethyl-2-silacyclopentane and combinations thereof.

[0051] Embodiment (ii) provides a non-specific biomolecule adsorption and/or non-specific
binding resistant coated substrate wherein the at least one copolymerizable zwitterionic monomer is
selected from the group consisting of 2-(meth)acryloyloxyethyl-2'-(trimethylammeonio)ethyl
phosphate (including MPC), 2-(methacryloxy)ethyl 2-(diimethylammonio)ethyl phosphate (aka =2-
methacryloyloxyethyl phosphorylcholine; 2-(methacryloxy)ethyl-2-
(dimethylammonio)ethylcarboxylate; 2-(methacryloxy)ethyl-2-(dimethylammonio)propylsul(onate;
2-(methyacrylamido)ethyl-2-(dimethylammonio)propylsulfonate; phosphoric acid 2-
(methacryloyloxy)ethyl 2-(trimethylammonio) ethyl ester); 3-(meth)acryloyloxypropyl-2'-
(trimethylammonio)ethyl = phosphate,  4-(meth)acryloyloxybutyl-2'-(trimethylammonio)ethyl
phosphate 5-(meth)acryloyloxypentyl-2'-(trimethylammonio)ethyl phosphate, 6-
(meth)acryloyloxyhexyl-2'-(trimethylammonio)ethyl  phosphate, 2-(meth)acryloyloxyethyl-2'-
(trimethylammonio)ethyl phosphate, 2-(meth)acryloyloxyethyl-2'-(tripropylammonio)ethyl
phosphate, 2-(meth)acryloyloxyethyl-2'-(tributylammonio)ethyl phosphate, 2-
(meth)acryloyloxypropyl-2'-(trimethylammonio)ethyl phosphate, 2-(meth)acryloyloxybutyl-2'-
(trimethylammonio)ethyl  phosphate, 2-(meth)acryloyloxypentyl-2'-(trimethylammonio)ethyl
phosphate, 2-(meth)acryloyloxyhexyl-2'-(trimethylammonio)ethyl phosphate, 2-
{(meth)acryloyloxyethyl-3'-(trimethylammonio)propyl phosphate, 3-(meth)acryloyloxypropyl-3'-

-17-

115/300



WO 2017/087032 PCT/US2016/037674

(trimethylammonio)propyl phosphate, 4-(meth)acryloyloxybutyl-3'-(trimethylammonio)propyl
phosphate, 5-(meth)acryloyloxypentyl-3'-(trimethylammonio)propyl phosphate, 6-
(meth)acryloyloxyhexyl-3'-(trimethylammonio)propyl phosphate, 2-(meth)acryloyloxyethyl-4'-
(trimethylammonio)butyl  phosphate, 3-(meth)acryloyloxypropyl-4'-(trimethylammonio)butyl
phosphate, 4-(meth)acryloyloxybutyl-4'-(trimethylammonio)butyl phosphate, 5-
{(meth)acryloyloxypentyl-4'-(trimethylammonio)butyl phosphate, 6-(meth)acryloyloxyhexyl-4'-
(trimethylammonio)butyl phosphate, 2-(vinyloxy)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-
(allyloxy)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-(p-vinylbenzyloxy)ethyl-2'-
(trimethylammonio)ethyl phosphate, 2-(p-vinylbenzoyloxy)ethyl-2'-(trimethylammonio)ethyl
phosphate, 2-(styryloxy)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-(p-vinylbenzyl)ethyl-2'-
(trimethylammonio)ethyl = phosphate,  2-(vinyloxycarbonyl)ethyl-2'-(trimethylammonio)ethyl
phosphate, 2-(allyloxycarbonyl)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-(acryloylamino)ethyl-
2'-(trimethylammonio)ethyl phosphate, 2-(vinylcarbonylamino)ethyl-2'-(trimethylammonio)ethyl
phosphate, 2-(allyloxycarbonylamino)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-

(butyroyloxy)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-(crotonoyloxy)ethyl-2'-
(trimethylammonio)ethyl phosphate, ethyl-(2'-trimethylammonioethylphosphorylethyl)fumarate,
butyl-(2'-trimethylammeonioethylphosphorylethyl) fumarate, hydroxyethyl - (2-
trimethylammonioethylphosphorylethyl)fumarate, 2-hydroxyethyl(meth)acrylate, 2-

hydroxypropyl(meth)acrylate; polyalkylene glycol(meth)acrylate monomers diethylene glycol
mono(meth)acrylate, polyethylene glycol —mono(meth)acrylate, polypropylene glycol
mono(meth)acrylate, methoxydiethylene glycol(meth)acrylate, methoxypolyethylene
glycol(meth)acrylate, methoxypolypropylene glycol(meth)acrylate; m-carboxy(meth)acrylates,
phthalic acid monohydroxyethyl(meth)acrylate, hexahydrophthalic acid
monohydroxyethyl(meth)acrylate, ®-carboxy-polycaprolactone (n=2 to 5) mono(meth)acrylate,
(meth)acryloyloxyethyl succinate; N-vinyl-2-pyrrolidone, vinylpyridine, (meth)acrylamide,
{(meth)acrylic acid, 2-acrylamide-2-methylpropanesulfonic acid, dimethylaminoethyl(meth)acrylate,
diethylaminoethyl(meth)acrylate, maleic anhydride, and glyco-2-hydroxyethyl monomethacrylate
(GEMA),  b-carboxyethyl-3,3-dimethyammoniumethylmethacylate and sulfopropyl-3,3-

dimethyammoniumethylmethacylate, and combinations thereof.
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[0052] Embodiment (i) provides a non-specific biomolecule adsorption and/or non-specific
binding resistant coated substrate made by: (a) providing a substrate with a hydroxyl functional
surface; (b) providing a copolymer solution comprising a solvent and at least one zwitterionic
copolymer, wherein the at least one zwitterionic copolymer comprises two or more monomers,
comprising at least one siloxane moiety and at least one zwitterion moiety; (c) reacting the hydroxyl
functional surface with the at least one zwitterionic copolymer and optionally heating the substrate;
(d), optionally waiting; (e) removing the copolymer solution, and optionally drying the non-specific
biomolecule adsorption and/or binding resistant coated surface, optionally heating the surface, thus

forming a non-specific biomolecule adsorption and/or binding resistant coated substrate.

[0053] Embodiment (i) provides a non-specific biomolecule adsorption and/or non-specific
binding resistant coated substrate wherein the zwitterionic copolymer binds covalently to the

prepared substrate surface

[0054] The at least one copolymerizable epoxy monomer of Embodiment (i) is selected
from the group consisting of glycidyl acrylate, glycidyl methacrylate (GMA), (E)-(oxiran-2-yl)methyl
but-2-enoate, (3,3-dimethyloxiran-2-yl)methyl methacrylate, (E)-(oxiran-2-yl)methyl cinnamate,
(oxiran-2-yl)methyl 2-methylenebutanoate, 1-(oxiran-2-yl)propyl acrylate, 1-(oxiran-2-yl)ethyl
methacrylate, (oxiran-2-yl)methyl 3-methyl-2-methylenebutanoate, (oxiran-2-yl)methyl 2-
methylenepentanoate, (3-methyloxiran-2-yl)methyl acrylate, 2-(oxiran-2-yl)propan-2-yl acrylate,
(oxiran-2-yl)methyl 2-methylenehexanoate, (3-methyloxiran-2-yl)methyl methacrylate, and (3.3-

dimethyloxiran-2-yl)methyl acrylate and combinations thereof.

[0055] Either embodiment (i) or (ii) provides a non-specific biomolecule adsorption and/or
binding resistant coated substrate wherein the non-specific biomolecule adsorption and/or binding

resistant coating has decreased binding of biomolecules compared to a non-treated substrate.

[0056] Either embodiment (i) or (ii) provides a non-specific biomolecule adsorption and/or
binding resistant coated substrate wherein the biomolecule is selected from the group consisting of
nucleotides, amino acids, sugars, fatty acids, nucleic acid molecules, polypeptides, polynucleotides,

polysaccharides, lipids, steroids, glycoproteins, lipoproteins, glycolipids, DNA, DNA-protein
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conjugates, RNA, RNA-conjugates, antibodies, and receptors, receptor fusion constructs, receptor

fusion proteins, chimeric proteins, antibody fusion constructs, and antibody fusion proteins.

[0057] The invention provides a non-specific biomolecule adsorption and/or non-specific

binding resistant coated substrate wherein the substrate is a surface of a vessel.

[0058] The invention provides a non-specific biomolecule adsorption and/or non-specific
binding resistant coated substrate wherein the vessels is selected from the group consisting of a
microplate; a centrifuge tube; a pipette tip; a cuvette, a microwell plate; an ELISA plate; a microtiter

plate; a 96-well plate; and a 384-well plate.

[0059] Embodiment (i) in one alternative provides a vessel having an interior surface coated
at least in part with a non-specific biomolecule adsorption and/or binding resistant coating made by:
(a) providing a substrate in a reaction chamber; (b) drawing a vacuum in the reaction chamber; (c)
providing a gas comprising O2 in the vicinity of the substrate surface; (d) generating a plasma from
the gas, thus forming a hydroxyl functional substrate surface, and optionally heating the substrate; (e)
providing a copolymer solution comprising a solvent and at least one zwitterionic copolymer,
wherein the at least one zwitterionic copolymer comprises two or more monomers, comprising at
Icast onc siloxanc moicty and at Iecast onc zwittcrion moicty; (f) rcacting the hydroxyl functional
surface with the at least one zwitterionic copolymer and optionally heating the substrate; (g)
optionally waiting; (h) removing the copolymer solution, and optionally drying the non-specific
biomolecule adsorption and/or binding resistant coated surface, optionally heating the surface, thus

forming a non-specific biomolecule adsorption and/or binding resistant coated vessel.

[0060] Embodiment (i) in another alternative provides a vessel having an interior surface
coated at least in part with a non-specific biomolecule adsorption and/or binding resistant coating
made by: (a) providing a substrate a hydroxyl functional surface; (b) providing a copolymer solution
comprising a solvent and at least one zwitterionic copolymer, wherein the at least one zwitterionic
copolymer comprises two or more monomers, comprising at least one siloxane moiety and at least
one zwitterion moiety; (c) reacting the hydroxyl functional surface with the at least one zwitterionic
copolymer and optionally heating the substrate; (c) optionally waiting; (d) removing the copolymer

solution, and optionally drying the non-specific biomolecule adsorption and/or binding resistant
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coated surface, optionally heating the surface, thus forming a non-specific biomolecule adsorption

and/or binding resistant coated vessel.

[0061] Embodiment (ii) provides a vessel having an interior surface coated at least in part
with a non-specific biomolecule adsorption and/or binding resistant coating made by: (a) providing a
substrate in a reaction chamber; (b) drawing a vacuum in the reaction chamber; (c) providing a gas
comprising O2, optionally containing argon, optionally containing nitrogen in the vicinity of the
substrate surface; (d) generating a plasma from the gas, thus forming a prepared substrate surface,
and optionally heating the substrate; (e) providing a vapor comprising at least one silyl amine
coupling agent to provide an amine modified substrate; (f) providing a copolymer solution
comprising a solvent, wherein the copolymer comprises at least one copolymerizable zwitterionic
monomer and at least one copolymerizable epoxy monomer, optionally in the presence of a
polymerization initiator; (g) reacting the copolymer with the amine modified substrate and optionally
heating the substrate; (h) optionally waiting; (i) removing the copolymer solution, and optionally
drying the non-specific biomolecule adsorption and/or non-specific binding resistant coated surface,
optionally heating the surface, thus forming a non-specific biomolecule adsorption and/or binding

resistant coated vessel.

[0062] Embodiment (i) provides a vessel having an interior surface coated at least in part
with a non-specific biomolecule adsorption and/or binding resistant coating made by: (a) providing a
substrate in a reaction chamber; (b) drawing a vacuum in the reaction chamber; (c) providing a gas
comprising an organosilicon precursor and optionally O2 in the vicinity of the substrate surface; (d)
generating a plasma from the gas, thus forming a hydroxyl functional surface on the substrate
surface; (e) providing a copolymer solution comprising a solvent and at least one zwitterionic
copolymer, wherein the at least one zwitterionic copolymer comprises two or more monomers,
comprising at least one siloxane moiety and at least one zwitterion moiety; (f) reacting the hydroxyl
functional surface with the at least one zwitterionic copolymer and optionally heating the substrate;
(g) optionally waiting; (h) removing the copolymer solution, and optionally drying the non-specific
biomolecule adsorption and/or binding resistant coated surface, optionally heating the surface, thus

forming a non-specific biomolecule adsorption and/or binding resistant coated vessel.
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[0063] Embodiment (ii) provides a vessel having an interior surface coated at least in part
with a non-specific biomolecule adsorption and/or binding resistant coating made by: (a) providing a
substrate in a that is a SiOx-coated glass surface reaction chamber; (b) drawing a vacuum in the
reaction chamber; (c¢) providing a gas comprising O2, optionally containing argon, optionally
containing nitrogen in the vicinity of the substrate surface; (d) generating a plasma from the gas, thus
forming a prepared substrate surface, and optionally heating the substrate; (e) providing a vapor
comprising at least one silyl amine coupling agent to provide an amine modified substrate; (f)
providing a copolymer solution comprising a solvent, wherein the copolymer comprises at least one
copolymerizable zwitterionic monomer and at least one copolymerizable epoxy monomer, optionally
in the presence of a polymerization initiator; (g) reacting the copolymer with the amine moditied
substrate and optionally heating the substrate; (h) optionally waiting; (i) removing the copolymer
solution, and optionally drying the non-specific biomolecule adsorption and/or non-specific binding
resistant coated surface, optionally heating the surface, thus forming a non-specific biomolecule

adsorption and/or binding resistant coated vessel.

[0064] Embodiment (i) provides a vessel having an interior surface coated at least in part
with a non-specific biomolecule adsorption and/or binding resistant coating made by: (a) providing a
substrate a hydroxyl functional surface; (b) providing a copolymer solution comprising a solvent and
at least one zwitterionic copolymer, wherein the at least one zwitterionic copolymer comprises two
or more monomers, comprising at least one siloxane moiety and at least one zwitterion moiety; (c)
reacting the hydroxyl functional surface with the at least one zwitterionic copolymer and optionally
heating the substrate; (c) optionally wailing; (d) removing the copolymer solution, and optionally
drying the non-specific biomolecule adsorption and/or binding resistant coated surface, optionally
heating the surface, thus forming a non-specific biomolecule adsorption and/or binding resistant

coated vessel.

[0065] Embodiment (i) alternatively provides a vessel having an interior surface coated at
least in part with a non-specific biomolecule adsorption and/or binding resistant coating made by:
(a) providing a substrate a hydroxyl functional surface; (b) providing a copolymer solution

comprising a solvent and at least one zwitterionic copolymer, wherein the at least one zwitterionic
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copolymer comprises two or more monomers, comprising at least one siloxane moiety and at least
one zwitterion moiety; (c) reacting the hydroxyl functional surface with the at least one zwitterionic
copolymer and optionally heating the substrate; (c) optionally waiting; (d) removing the copolymer
solution, and optionally drying the non-specific biomolecule adsorption and/or binding resistant
coated surface, optionally heating the surface, thus forming a non-specific biomolecule adsorption

and/or binding resistant coated vessel.

[0066] The invention provides a non-specific biomolecule adsorption and/or non-specific
binding resistant coated vessel wherein the zwitterionic copolymer binds covalently to the prepared

substrate surface.

[0067] Embodiment (ii) provides a non-specific biomolecule adsorption and/or binding
resistant coated vessel wherein the at least one silyl amine coupling agent is selected from the group
consisting of 3-Aminopropyltriethoxysilane, 3-Aminopropyltrimethoxysilane, 4-

Aminobutyltriethoxysilane, M-Aminophenyltrimethoxysilane, P-Aminophenyltrimethoxysilane, O-

Aminophenyltrimethoxysilane, 3-Aminopropyltris(Methoxyethoxyethoxy)Silane, 11-
Aminoundecyltriethoxysilane, 3-(M-Aminophenoxy)Propyltrimethoxysilane,
Aminopropylsilanetriol, 3-Aminopropylmethyldiethoxysilane, 3-

Aminopropyldiisopropylethoxysilane, 3-Aminopropyldimethylethoxysilane, N-(2- Aminoethyl)-3-
Aminopropyltrimethoxysilane, N-|3-(Trimethoxysilyl)Propyl]Ethylenediamine, N-(2-Aminoethyl)-
3-Aminopropyltriethoxysilane, N-(6-Aminohexyl)Aminomethyltriethoxysilane, N-(6-
Aminohexyl)Aminopropyltrimethoxysilane, N-(2-Aminoethyl)-11-Aminoundecyltrimethoxysilane,
(Aminoethylaminomethyl)Phenethyltrimethoxysilane, N-3-[(Amino(Polypropylenoxy)],
Aminopropyltrimethoxysilane, N-(2-Aminoethyl)-3-Aminopropylsilanetriol, N-(2-Aminoethyl)-3-
Aminopropylmethyldimethoxysilane, N-(2-Aminoethyl)-3- Aminoisobutylmethyldimethoxysilane,
(Aminoethylamino)-3-Isobutyldimethylmethoxysilane, (3-Trimethoxysilylpropyl)
Diethylenetriamine, N-Butylaminopropyltrimethoxysilane, N-Ethylaminoisobutyltrimethoxysilane,
N-Methylaminopropyltrimethoxysilane, N-Phenylaminopropyltrimethoxysilane, 3-(N-
Allylamino)Propyltrimethoxysilane, (Cyclohexylaminomethyl) Triethoxysilane, N-

Cyclohexylaminopropyltrimethoxysilane, N-Ethylaminoisobutylmethyldiethoxysilane,
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(Phenylaminomethyl)Methyldimethoxysilane, N-Phenylaminomethyltriethoxysilane, = N-
Methylaminopropylmethyldimethoxysilane, Bis(2-Hydroxyethyl)-3-Aminopropyltriethoxysilane, 3-
(N-Styrylmethyl-2-Aminoethylamino)- Propyltrimethoxysilane Hydrochloride, (2-N-
Benzylaminoethyl)-3-Aminopropyl-Trimethoxysilane, Bis(Triethoxysilylpropyl)Amine,
Bis(Trimethoxysilylpropyl)Amine, Bis[(3-Trimethoxysilyl)Propyl]- Ethylenediamine, Bis [(3-
Trimethoxysilyl) Propyl] - Ethylenediamine, Bis(Methyldiethoxysilylpropyl)Amine, N-Allyl-Aza-
2,2-Dimethoxysila- Cyclopentane, N-Aminoethyl-Aza-2,2.4-Trimethyl-Silacyclopentane, N-(3-
Aminopropyldimethylsila)Aza-2,2-Dimethyl-2-Silacyclopentane, N-N-Butyl-Aza-2,2-
Dimethoxysila- Cyclopentane, 2,2-Dimethoxy-1,6-Diaza-2-Silacyclo-Octane, N-Methyl-Aza-2,2.4-
Trimethylsila-Cylcopentane, 1-(N-(N',N'-dimethylaminoethyl))-1-aza-2.2.4-trimethyl-2-

silacyclopentane and combinations thereof.

[0068] Embodiment (ii) provides a non-specific biomolecule adsorption and/or non-specific
binding resistant coated vessel wherein the at least one copolymerizable zwitterionic monomer is
selected from the group consisting of 2-(meth)acryloyloxyethyl-2'-(trimethylammeonio)ethyl

phosphate (including MPC), 2-(methacryloxy)ethyl 2-(diimethylammonio)ethyl phosphate (aka =2-

methacryloyloxyethyl phosphorylcholine; 2-(methacryloxy)ethyl-2-(dimethylammonio)
ethylcarboxylate; 2-(methacryloxy)ethyl-2-(dimethylammonio)propylsullonate; 2-
(methyacrylamido)ethyl-2-(dimethylammonio)propylsulfonate; phosphoric acid 2-

(methacryloyloxy)ethyl 2-(trimethylammonio) ethyl ester); 3-(meth)acryloyloxypropyl-2'-
(trimethylammonio)ethyl = phosphate,  4-(meth)acryloyloxybutyl-2'-(trimethylammonio)ethyl
phosphate 5-(meth)acryloyloxypentyl-2'-(trimethylammonio)ethyl phosphate, 6-
(meth)acryloyloxyhexyl-2'-(trimethylammonio)ethyl  phosphate, 2-(meth)acryloyloxyethyl-2'-
(trimethylammonio)ethyl phosphate, 2-(meth)acryloyloxyethyl-2'-(tripropylammonio)ethyl
phosphate, 2-(meth)acryloyloxyethyl-2'-(tributylammonio)ethyl phosphate, 2-
(meth)acryloyloxypropyl-2'-(trimethylammonio)ethyl phosphate, 2-(meth)acryloyloxybutyl-2'-
(trimethylammonio)ethyl  phosphate, 2-(meth)acryloyloxypentyl-2'-(trimethylammonio)ethyl
phosphate, 2-(meth)acryloyloxyhexyl-2'-(trimethylammonio)ethyl phosphate, 2-
{(meth)acryloyloxyethyl-3'-(trimethylammonio)propyl phosphate, 3-(meth)acryloyloxypropyl-3'-
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(trimethylammonio)propyl phosphate, 4-(meth)acryloyloxybutyl-3'-(trimethylammonio)propyl
phosphate, 5-(meth)acryloyloxypentyl-3'-(trimethylammonio)propyl phosphate, 6-
(meth)acryloyloxyhexyl-3'-(trimethylammonio)propyl phosphate, 2-(meth)acryloyloxyethyl-4'-
(trimethylammonio)butyl  phosphate, 3-(meth)acryloyloxypropyl-4'-(trimethylammonio)butyl
phosphate, 4-(meth)acryloyloxybutyl-4'-(trimethylammonio)butyl phosphate, 5-
{(meth)acryloyloxypentyl-4'-(trimethylammonio)butyl phosphate, 6-(meth)acryloyloxyhexyl-4'-
(trimethylammonio)butyl phosphate, 2-(vinyloxy)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-
(allyloxy)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-(p-vinylbenzyloxy)ethyl-2'-
(trimethylammonio)ethyl phosphate, 2-(p-vinylbenzoyloxy)ethyl-2'-(trimethylammonio)ethyl
phosphate, 2-(styryloxy)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-(p-vinylbenzyl)ethyl-2'-
(trimethylammonio)ethyl = phosphate,  2-(vinyloxycarbonyl)ethyl-2'-(trimethylammonio)ethyl
phosphate, 2-(allyloxycarbonyl)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-(acryloylamino)ethyl-
2'-(trimethylammonio)ethyl phosphate, 2-(vinylcarbonylamino)ethyl-2'-(trimethylammonio)ethyl
phosphate, 2-(allyloxycarbonylamino)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-
(butyroyloxy)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-(crotonoyloxy)ethyl-2'-
(trimethylammonio)ethyl phosphate, ethyl- (2'-trimethylammonioethylphosphorylethyl) fumarate,
butyl - (2'-trimethylammonioethylphosphorylethyl) fumarate, hydroxyethyl-(2'-
trimethylammonioethylphosphorylethyl)fumarate, 2-hydroxyethyl(meth)acrylate, 2-
hydroxypropyl(meth)acrylate; polyalkylene glycol(meth)acrylate monomers diethylene glycol
mono(meth)acrylate, polyethylene glycol —mono(meth)acrylate, polypropylene glycol
mono(meth)acrylate, methoxydiethylene glycol(meth)acrylate, methoxypolyethylene
glycol(meth)acrylate, methoxypolypropylene glycol(meth)acrylate; m-carboxy(meth)acrylates,
phthalic acid monohydroxyethyl(meth)acrylate, hexahydrophthalic acid
monohydroxyethyl(meth)acrylate, ®-carboxy-polycaprolactone (n=2 to 5) mono(meth)acrylate,
(meth)acryloyloxyethyl succinate; N-vinyl-2-pyrrolidone, vinylpyridine, (meth)acrylamide,
{(meth)acrylic acid, 2-acrylamide-2-methylpropanesulfonic acid, dimethylaminoethyl(meth)acrylate,
diethylaminoethyl(meth)acrylate, maleic anhydride, and glyco-2-hydroxyethyl monomethacrylate
(GEMA),  b-carboxyethyl-3,3-dimethyammoniumethylmethacylate and sulfopropyl-3,3-

dimethyammoniumethylmethacylate, and combinations thereof.
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[0069] Embodiment (ii) provides a non-specific biomolecule adsorption and/or binding
resistant coated vessel wherein the at least one copolymerizable epoxy monomer is selected from the
group consisting of glycidyl acrylate, glycidyl methacrylate (GMA), (E)-(oxiran-2-yl)methyl but-2-
enoate, (3,3-dimethyloxiran-2-ylymethyl methacrylate, (E)-(oxiran-2-yl)methyl cinnamate, (oxiran-2-
yl)methyl 2-methylenebutanoate, 1-(oxiran-2-yl)propyl acrylate, 1-(oxiran-2-yl)ethyl methacrylate,
(oxiran-2-yl)methyl 3-methyl-2-methylenebutanoate, (oxiran-2-yl)methyl 2-methylenepentanoate, (3-
methyloxiran-2-yl)methyl acrylate, 2-(oxiran-2-yl)propan-2-yl acrylate, (oxiran-2-yl)methyl 2-
methylenehexanoate, (3-methyloxiran-2-yl)methyl methacrylate, and (3,3-dimethyloxiran-2-

yl)methyl acrylate and combinations thereof.

[0070] Either embodiment (i) or (ii) provides a non-specific biomolecule adsorption and/or
binding resistant coated vessel wherein the non-specific biomolecule adsorption and/or binding

resistant coating has decreased binding of biomolecules compared to a non-treated substrate.

[0071] Either embodiment (i) or (ii) provides a non-specific biomolecule adsorption and/or
binding resistant coated vessel wherein the biomolecule is selected from the group consisting of
nucleotides, amino acids, sugars, fatty acids, nucleic acid molecules, polypeptides, polynucleotides,
polysaccharides, lipids, steroids, glycoproteins, lipoproteins, glycolipids, DNA, DNA-protein
conjugates, RNA, RNA-conjugates, antibodies, and receptors, receptor fusion constructs, receptor

fusion proteins, chimeric proteins, antibody fusion constructs, and antibody fusion proteins.

[0072] Either embodiment (i) or (ii) provides a non-specific biomolecule adsorption and/or
non-specific binding resistant coated vessel wherein the vessel is selected from the group consisting
of a microplate; a centrifuge tube; a pipette tip; a cuvette, a microwell plate; an ELISA plate; a
microtiter plate; a 96-well plate; and a 384-well plate; a 1536-well plate; a round bottom flask; and

an Erlenmeyer flask.

[0073] Embodiment (i) provides that the zwitterionic copolymer comprises at least one

siloxane moiety selected from the group consisting of (3-acryloxypropyl) trimethoxysilane;

methacryloxypropyltrimethoxysilane; n-(3-acryloxy-2-hydroxypropyl) — 3 - aminopropyl

triethoxysilane; o-(methacryloxyethyl)-n-(triethoxysilylpropyl) urethane; n-(3-methacryloxy-2-

hydroxypropyl) - 3 - aminopropyltriethoxysilane; methacryloxymethyltriethoxysilane;
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methacryloxymethyl trimethoxysilane; methacryloxypropyl triethoxysilane; (3-
acryloxypropyl)methyl-dimethoxy silane; (methacryloxymethyl) methyl - diethoxysilane;
(methacryloxymethyl)methyl- dimethoxysilane; Methacryloxypropylmethyl diethoxysilane;
methacryloxypropylmethyl  dimethoxysilane;  Methacryloxypropyl  dimethylethoxysilane;
methacryloxypropyldimethyl methoxysilane, and combinations thereof; and at least one zwitterion
moiety selected from the group consisting of 2-(meth)acryloyloxyethyl-2'-(trimethylammonio)ethyl
phosphate (including MPC), 2-(methacryloxy)ethyl 2-(diimethylammonio)ethyl phosphate (aka =2-
methacryloylox yethyl phosphorylcholine; 2-(methacryloxy)ethyl-2-
(dimethylammonio)ethylcarboxylate; 2-(methacryloxy)ethyl-2-(dimethylammonio)propylsulfonate;
2-(methyacrylamido)ethyl-2-(dimethylammonio)propylsulfonate; phosphoric acid 2-
(methacryloyloxy)ethyl 2-(trimethylammonio) ethyl ester); 3-(meth)acryloyloxypropyl-2'-
(trimethylammonio)ethyl  phosphate,  4-(meth)acryloyloxybutyl-2'-(trimethylammonio)ethyl
phosphate 5-(meth)acryloyloxypentyl-2'-(trimethylammeonio)ethyl phosphate, 6-
{(meth)acryloyloxyhexyl-2'-(trimethylammonio)ethyl  phosphate, 2-(meth)acryloyloxyethyl-2'-
(trimethylammonio)ethyl ~ phosphate, 2-(meth)acryloyloxyethyl-2'-(tripropylammonio)ethyl
phosphate, 2-(meth)acryloyloxyethyl-2'-(tributylammonio)ethyl phosphate, 2-
(meth)acryloyloxypropyl-2'-(trimethylammonio)ethyl phosphate, 2-(meth)acryloyloxybutyl-2'-
(trimethylammonio)ethyl  phosphate, 2-(meth)acryloyloxypentyl-2'-(trimethylammonio)ethyl
phosphate, 2-(meth)acryloylox yhexyl-2'-(trimethylammonio)ethyl phosphate, 2-
(meth)acryloyloxyethyl-3'-(trimethylammonio)propyl phosphate, 3-(meth)acryloyloxypropyl-3'-
(trimethylammonio)propyl phosphate, 4-(meth)acryloyloxybutyl-3'-(trimethylammonio)propyl
phosphate, 5-(meth)acryloyloxypentyl-3'-(trimethylammonio)propyl phosphate, 6-
(meth)acryloyloxyhexyl-3'-(trimethylammonio)propyl phosphate, 2-(meth)acryloyloxyethyl-4'-
(trimethylammonio)butyl phosphate, 3-(meth)acryloyloxypropyl-4'-(trimethylammonio)butyl
phosphate, 4-(meth)acryloyloxybutyl-4'-(trimethylammonio)butyl phosphate, 5-
{(meth)acryloyloxypentyl-4'-(trimethylammonio)butyl phosphate, 6-(meth)acryloyloxyhexyl-4'-
(trimethylammonio)butyl phosphate, 2-(vinyloxy)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-
(allyloxy)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-(p-vinylbenzyloxy)ethyl-2'-

(trimethylammonio)ethyl phosphate, 2-(p-vinylbenzoyloxy)ethyl-2'-(trimethylammonio)ethyl
-917.
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phosphate, 2-(styryloxy)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-(p-vinylbenzyl)ethyl-2'-
(trimethylammonio)ethyl  phosphate, 2-(vinyloxycarbonyl)ethyl-2'-(trimethylammonio)ethyl
phosphate, 2-(allyloxycarbonyl)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-(acryloylamino)ethyl-
2'-(trimethylammonio)ethyl phosphate, 2-(vinylcarbonylamino)ethyl-2'-(trimethylammonio)ethyl
phosphate, 2-(allyloxycarbonylamino)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-
{butyroyloxy)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-(crotonoyloxy)ethyl-2'-
(trimethylammonio)ethyl phosphate, ethyl-(2'-trimethylammonioethylphosphorylethyl)fumarate,
butyl-(2'-trimethylammonioethylphosphorylethyl)fumarate, hydroxyethyl-(2'-
trimethylammonioethylphosphorylethyl)fumarate, 2-hydroxyethyl(meth)acrylate, 2-
hydroxypropyl(meth)acrylate; polyalkylene glycol(meth)acrylate monomers diethylene glycol
mono(meth)acrylate, polyethylene glycol mono(meth)acrylate, polypropylene glycol
mono(meth)acrylate, methoxydiethylene glycol(meth)acrylate, methoxypolyethylene
glycol(meth)acrylate, methoxypolypropylene glycol(meth)acrylate; w-carboxy(meth)acrylates,
phthalic acid monohydroxyethyl(meth)acrylate, hexahydrophthalic acid
monohydroxyethyl(meth)acrylate, .omega.-carboxy-polycaprolactone (n=2 to 5) mono(meth)acrylate,
(meth)acryloyloxyethyl succinate; N-vinyl-2-pyrrolidone, vinylpyridine, (meth)acrylamide,
(meth)acrylic acid, 2-acrylamide-2-methylpropanesulfonic acid, dimethylaminoethyl(meth)acrylate,
diethylaminoethyl(meth)acrylate, maleic anhydride, and glyco-2-hydroxyethyl monomethacrylate
(GEMA),  O-carboxyethyl-3,3-dimethyammoniumethylmethacylate  and  sullopropyl-3.3-

dimethyammoniumethylmethacylate, and combinations thereof.

[0074] A method is described according to Embodiment (i) for providing a non-specilic
biomolecule adsorption and/or binding resistant coated surface which exhibits low- or non-binding

of biomolecules and/or low or non-adsorption of biomolecules, the method comprising the steps:
(a) providing a substrate in a reaction chamber;
(b) drawing a vacuum in the reaction chamber;

(c) providing a gas comprising O in the vicinity of the substrate surface;
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(d) generating a plasma from the gas, thus forming a hydroxyl functional substrate surface,

and optionally heating the substrate;

(e) providing a copolymer solution comprising a solvent and at least one zwitterionic
copolymer, wherein the at least one zwitterionic copolymer comprises at least one siloxane moiety

and at least one zwitterion moiety;

() reacting the hydroxyl functional surface with the at least one zwitterionic copolymer and

optionally heating the substrate;
(g) optionally waiting;

(h) removing the copolymer solution, and optionally drying the non-specific biomolecule

adsorption and/or non-spccific binding rcsistant coated surfacc, optionally hecating the surfacc,

thus forming a non-specific biomolecule adsorption and/or non-specific binding resistant

coated surfacc.

[0075] Optionally in Embodiment (i) the method comprising the steps:
(a) providing a substrate in a reaction chamber;
(b) drawing a vacuum in the reaction chamber;

(c) providing a gas comprising an organosilicon prccursor and optionally O; in the vicinity of

the substrate surface;

(d) generating a plasma from the gas, thus forming a thus forming a hydroxyl functional

substrate surface;

(e) providing a copolymer solution comprising a solvent and at least one zwitterionic
copolymer, wherein the at least one zwitterionic copolymer comprises at least one siloxane moiety

and at least one zwillerion moielty;

(f) reacting the hydroxyl functional surface with the at least one zwitterionic copolymer and

optionally heating the substrate;
(g) optionally waiting;
-29.
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(h) removing the copolymer solution, and optionally drying the non-specific biomolecule

adsorption and/or binding resistant coated surface, optionally heating the surface,

thus forming a non-specific biomolecule adsorption and/or binding resistant coated surface.
[0076] Optionally in Embodiment (i), the method comprising the steps:

(a) providing a substrate with a hydroxyl functional surface;

(b) providing a copolymer solution comprising a solvent and at least one zwitterionic
copolymer, wherein the at least one zwitterionic copolymer comprises at least one siloxane moiety

and at least one zwitterion moiety;

(c) reacting the hydroxyl functional surface with the at least one zwitterionic copolymer and

optionally heating the substrate;
(d) optionally waiting;

(e) removing the copolymer solution, and optionally drying the non-specific biomolecule

adsorption and/or non-specific binding resistant coated surface, optionally heating the surface,

thus forming a non-specific biomolecule adsorption and/or non-specific binding resistant

coated surface.
[0077] Optionally in Embodiment (i), thc mcthod comprising the steps:
(a) providing a substrate with a hydroxyl functional surface;

(b) providing a copolymer solution comprising a solvent and at least one zwillerionic
copolymer, wherein the at least one zwitterionic copolymer comprises at least one siloxane moiety

and at least one zwitterion moiety;

(c) reacting the hydroxyl functional surface with the at least one zwitterionic copolymer and

optionally heating the substrate;
(d) optionally waiting;

(e) removing the copolymer solution, and optionally drying the non-specific biomolecule

adsorption and/or binding resistant coated surface, optionally heating the surface,
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thus forming a non-specific biomolecule adsorption and/or binding resistant coated surface.

[0078] Optionally in Embodiment (i), the zwitterionic copolymer comprises at least one
siloxane moiety selected from the group consisting of (3-acryloxypropyl) trimethoxysilane;
methacryloxypropyltrimethoxysilane; n-(3-acryloxy-2-hydroxypropyl) — 3 - aminopropyl
triethoxysilane; o-(methacryloxyethyl)-n-(triethoxysilylpropyl) urethane; n-(3-methacryloxy-2-
hydroxypropyl) - 3 - aminopropyltriethoxysilane; methacryloxymethyltriethoxysilane;
methacryloxymethyl trimethoxysilane; methacryloxypropyl triethoxysilane; (3-
acryloxypropylmethyl-dimethoxy silane; (methacryloxymethyl) methyl - diethoxysilane;
(methacryloxymethyl)methyl- dimethoxysilane; Methacryloxypropylmethyl diethoxysilane;
methacryloxypropylmethyl  dimethoxysilane;  Methacryloxypropyl  dimethylethoxysilane;

methacryloxypropyldimethyl methoxysilane, and combinations thereof; and

[0079] at least one zwitterion moiety selected from the group consisting of 2-
(meth)acryloyloxyethyl-2'-(trimethylammonio)ethyl phosphate (including MPC), 2-
(methacryloxy)ethyl 2-(diimethylammonio)ethyl phosphate (aka = 2-methacryloyloxyethyl
phosphorylcholine; 2-(methacryloxy)ethyl-2-(dimethylammonio)ethylcarboxylate; 2-
(methacryloxy)ethyl-2-(dimethylammonio)propylsulfonate; 2-(methyacrylamido)ethyl-2-
(dimethylammonio)propylsulfonate; phosphoric acid 2-(methacryloyloxy)ethyl 2-
(trimethylammonio) ethyl ester); 3-(meth)acryloyloxypropyl-2'-(trimethylammonio)ethyl phosphate,
4-(meth)acryloyloxybutyl-2'-(trimethylammonio)ethyl phosphate 5-(meth)acryloyloxypentyl-2'-
(trimethylammonio)ethyl  phosphate,  6-(meth)acryloyloxyhexyl-2'-(trimethylammonio)ethyl
phosphate, 2-(meth)acryloyloxyethyl-2'-(trimethylammonio)ethyl phosphate, 2-
{(meth)acryloyloxyethyl-2'-(tripropylammonio)ethyl ~ phosphate, 2-(meth)acryloyloxyethyl-2'-
(tributylammonio)ethyl ~ phosphate, 2-(meth)acryloyloxypropyl-2'-(trimethylammonio)ethyl
phosphate, 2-(meth)acryloyloxybutyl-2'-(trimethylammonio)ethyl phosphate, 2-
(meth)acryloyloxypentyl-2'-(trimethylammonio)ethyl phosphate, 2-(meth)acryloyloxyhexyl-2'-
(trimethylammonio)ethyl phosphate, 2-(meth)acryloyloxyethyl-3'-(trimethylammonio)propyl
phosphate, 3-(meth)acryloyloxypropyl-3'-(trimethylammonio)propyl phosphate, 4-
(meth)acryloyloxybutyl-3'-(trimethylammonio)propyl phosphate, 5-(meth)acryloyloxypentyl-3'-
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(trimethylammonio)propyl phosphate, 6-(meth)acryloyloxyhexyl-3'-(trimethylammonio)propyl
phosphate, 2-(meth)acryloyloxyethyl-4'-(trimethylammonio)butyl phosphate, 3-
(meth)acryloyloxypropyl-4'-(trimethylammonio)butyl phosphate, 4-(meth)acryloyloxybutyl-4'-
(trimethylammonio)butyl  phosphate, 5-(meth)acryloyloxypentyl-4'-(trimethylammonio)butyl
phosphate, 6-(meth)acryloyloxyhexyl-4'-(trimethylammonio)butyl phosphate, 2-(vinyloxy)ethyl-2'-
(trimethylammonio)ethyl phosphate, 2-(allyloxy)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-(p-
vinylbenzyloxy)ethyl-2'-(trimethylammonio)ethyl = phosphate, 2-(p-vinylbenzoyloxy)ethyl-2'-
(trimethylammonio)ethyl phosphate, 2-(styryloxy)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-(p-
vinylbenzyl)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-(vinyloxycarbonyl)ethyl-2'-
(trimethylammonio)ethyl = phosphate,  2-(allyloxycarbonyl)ethyl-2'-(trimethylammonio)ethyl
phosphate, 2-(acryloylamino)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-
(vinylcarbonylamino)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-(allyloxycarbonylamino)ethyl-

2'-(trimethylammonio)ethyl phosphate, 2-(butyroyloxy)ethyl-2'-(trimethylammonio)ethyl phosphate,

2-(crotonoyloxy)ethyl-2'-(trimethylammonio)ethyl phosphate, ethyl-(2'-
trimethylammonioethylphosphorylethyl)fumarate, butyl-(2'-
trimethylammonioethylphosphorylethyl)fumarate, hydroxyethyl-(2'-
trimethylammonioethylphosphorylethyl)fumarate, 2-hydroxyethyl(meth)acrylate, 2-

hydroxypropyl(meth)acrylate; polyalkylene glycol(meth)acrylate monomers diethylene glycol
mono(meth)acrylate, polyethylene glycol mono(meth)acrylate, polypropylene glycol
mono(meth)acrylate, methoxydiethylene glycol(meth)acrylate, methoxypolyethylene
glycol(meth)acrylate, methoxypolypropylene glycol(meth)acrylate; w-carboxy(meth)acrylates,
phthalic acid monohydroxyethyl(meth)acrylate, hexahydrophthalic acid
monohydroxyethyl(meth)acrylate, .omega.-carboxy-polycaprolactone (n=2 (o 5) mono(meth)acrylate,
(meth)acryloyloxyethyl succinate; N-vinyl-2-pyrrolidone, vinylpyridine, (meth)acrylamide,
(meth)acrylic acid, 2-acrylamide-2-methylpropanesulfonic acid, dimethylaminoethyl(meth)acrylate,
diethylaminoethyl(meth)acrylate, maleic anhydride, and glyco-2-hydroxyethyl monomethacrylate
(GEMA), B-carboxyethyl-3,3-dimethyammoniumethylmethacylate  and  sulfopropyl-3,3-

dimethyammoniumethylmethacylate, and combinations thereof.
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[0080] Optionally in Embodiment (i), the zwitterionic copolymer binds covalently to the

prepared substrate surface.

[0081] Optionally in Embodiment (i), the solvent is selected from the group consisting of
water, methanol, ethanol, isopropanol, tetrahydrofuran, 1,4-dioxane, 1,2-dimethoxyethane, N,N-
dimethylformamide, dimethylsulfoxide, methylene chloride, 1,2-dicholorethane and combinations

thereof.

[0082] Optionally in Embodiment (i), the non-specific biomolecule adsorption and/or non-
specific binding resistant coated surface has decreased binding of biomolecules compared to a non-

treated substrate.

[0083] Optionally in Embodiment (i), the biomolecule is selected from the group consisting
of nucleotides, amino acids, sugars, fatty acids, nucleic acid molecules, polypeptides,
polynucleotides, polysaccharides, lipids, steroids, glycoproteins, lipoproteins, glycolipids, DNA,
DNA-protein conjugates, RNA, RNA-conjugates, antibodies, and receptors, receptor fusion
constructs, receptor fusion proteins, chimeric proteins, antibody fusion constructs, and antibody

fusion proteins.
[0084] Optionally in Embodiment (i), the substrate is a surface of a vessel.

[0085] Optionally in Embodiment (i), the vessel is selected from the group consisting of a
microplate; a centrifuge tube; a pipette tip; a cuvette, a microwell plate; an ELIS A plate; a microtiter
plate; a 96-well plate; a 384-well plate; a 1536-well plate; a round bottom flask; and an Erlenmeyer
flask.

[0086] Optionally in Embodiment (i), a non-specific biomolecule adsorption and/or non-

specific binding resistant coated substratc madc by:
(a) providing a substrate in a reaction chamber;
(b) drawing a vacuum in the reaction chamber;

(c) providing a gas comprising O, in the vicinity of the substrate surface;
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(d) generating a plasma from the gas, thus forming a hydroxyl functional substrate surface,

and optionally heating the substrate;

(e) providing a copolymer solution comprising a solvent and at least one zwitterionic
copolymer, wherein the at least one zwitterionic copolymer comprises at least one siloxane moiety

and at least one zwitterion moiety;

() reacting the hydroxyl functional surface with the at least one zwitterionic copolymer and

optionally heating the substrate;
(g) optionally waiting;

(h) removing the copolymer solution, and optionally drying the non-specific biomolecule

adsorption and/or binding rcsistant coated surfacc, optionally heating the surface,

thus forming a non-specific biomolecule adsorption and/or binding resistant coated substrate.
[0087] Optionally in Embodiment (i), the substrate made by:

(a) providing a substrate in a reaction chamber;

(b) drawing a vacuum in the reaction chamber;

(c) providing a gas comprising an organosilicon precursor and optionally O3 in the vicinity of

the substratc surfacc;
(d) generating a plasma from the gas, thus forming a hydroxyl functional substrate surface;

(e) providing a copolymer solution comprising a solvent and at least one zwillerionic
copolymer, wherein the at least one zwitterionic copolymer comprises at least one siloxane moiety

and at least one zwitterion moiety;

(f) reacting the hydroxyl functional surface with the at least one zwitterionic copolymer and

optionally heating the substrate;
(g), optionally waiting;

(h) removing the copolymer solution, and optionally drying the non-specific biomolecule

adsorption and/or binding resistant coated surface, optionally heating the surface,
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thus forming a non-specific biomolecule adsorption and/or binding resistant coated substrate.
[0088] Optionally in Embodiment (i), the substrate made by:
(a) providing a substrate with a hydroxyl functional surface;

(b) providing a copolymcr solution comprising a solvent and at lcast onc zwittcrionic
copolymer, wherein the at least one zwitterionic copolymer comprises two or more monomers,

comprising at least one siloxane moiety and at least one zwitterion moiety;

(c) reacting the hydroxyl functional surface with the at least one zwitterionic copolymer and

optionally heating the substrate;
(d) optionally waiting;

(c) rcmoving the copolymer solution, and optionally drying thc non-specific biomolccule

adsorption and/or binding resistant coated surface, optionally heating the surface,

thus forming a non-specific biomolecule adsorption and/or binding resistant coated substrate.
[0089] Optionally in Embodiment (i), the substrate made by:

(a) providing a substrate with a hydroxyl functional surface;

(b) providing a copolymer solution comprising a solvent and at least one zwitterionic
copolymer, wherein the at least one zwitterionic copolymer comprises two Or more monomers,

comprising at least one siloxane moiety and at least one zwitterion moiety;

(c) reacting the hydroxyl functional surface with the at least one zwitlerionic copolymer and

optionally heating the substrate;
(d), optionally wailing;

(e) removing the copolymer solution, and optionally drying the non-specific biomolecule

adsorption and/or binding resistant coated surlace, optionally heating the surface,

thus forming a non-specific biomolecule adsorption and/or binding resistant coated substrate.
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[0090] Optionally in Embodiment (i), the zwitterionic copolymer comprises at least one
siloxane moiety selected from the group consisting of (3-acryloxypropyl) trimethoxysilane;
methacryloxypropyltrimethoxysilane; n-(3-acryloxy-2-hydroxypropyl) — 3 - aminopropyl
triethoxysilane; o-(methacryloxyethyl)-n-(triethoxysilylpropyl) urethane; n-(3-methacryloxy-2-
hydroxypropyl) - 3 - aminopropyltriethoxysilane; methacryloxymethyltriethoxysilane;
methacryloxymethyl trimethoxysilane; methacryloxypropyl triethoxysilane; 3-
acryloxypropylDmethyl-dimethoxy silane; (methacryloxymethyl) methyl - diethoxysilane;
(methacryloxymethyl)methyl- dimethoxysilane; Methacryloxypropylmethyl diethoxysilane;
methacryloxypropylmethyl  dimethoxysilane;  Methacryloxypropyl  dimethylethoxysilane;

methacryloxypropyldimethyl methoxysilane, and combinations thereof; and

[0091] at least one zwitterion moiety selected from the group consisting of 2-
{(meth)acryloyloxyethyl-2'-(trimethylammonio)ethyl phosphate (including MPC), 2-
(methacryloxy)ethyl 2-(diimethylammonio)ethyl phosphate (aka = 2-methacryloyloxyethyl
phosphorylcholine; 2-(methacryloxy)ethyl-2-(dimethylammonio)ethylcarboxylate; 2-
(methacryloxy)ethyl-2-(dimethylammonio)propylsulfonate; 2-(methyacrylamido)ethyl-2-
(dimethylammonio)propylsulfonate; phosphoric acid 2-(methacryloyloxy)ethyl 2-
(trimethylammonio) ethyl ester); 3-(meth)acryloyloxypropyl-2'-(trimethylammonio)ethyl phosphate,
4-(meth)acryloyloxybutyl-2'-(trimethylammonio)ethyl phosphate 5-(meth)acryloyloxypentyl-2'-
(trimethylammonio)ethyl  phosphate,  6-(meth)acryloyloxyhexyl-2'-(trimethylammonio)ethyl
phosphate, 2-(meth)acryloyloxyethyl-2'-(trimethylammonio)ethyl phosphate, 2-
(meth)acryloyloxyethyl-2'-(tripropylammonio)ethyl ~ phosphate,  2-(meth)acryloyloxyethyl-2'-
(tributylammonio)ethyl  phosphate, 2-(meth)acryloyloxypropyl-2'-(trimethylammeonio)ethyl
phosphate, 2-(meth)acryloyloxybutyl-2'-(trimethylammonio)ethyl phosphate, 2-
{(meth)acryloyloxypentyl-2'-(trimethylammonio)ethyl phosphate, 2-(meth)acryloyloxyhexyl-2'-
(trimethylammonio)ethyl  phosphate, 2-(meth)acryloyloxyethyl-3'-(trimethylammonio)propyl
phosphate, 3-(meth)acryloyloxypropyl-3'-(trimethylammonio)propyl phosphate, 4-
(meth)acryloyloxybutyl-3'-(trimethylammonio)propyl phosphate, 5-(meth)acryloyloxypentyl-3'-
(trimethylammonio)propyl phosphate, 6-(meth)acryloyloxyhexyl-3'-(trimethylammonio)propyl
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phosphate, 2-(meth)acryloyloxyethyl-4'-(trimethylammonio)butyl phosphate, 3-
(meth)acryloyloxypropyl-4'-(trimethylammonio)butyl phosphate, 4-(meth)acryloyloxybutyl-4'-
(trimethylammonio)butyl  phosphate, 5-(meth)acryloyloxypentyl-4'-(trimethylammonio)butyl
phosphate, 6-(meth)acryloyloxyhexyl-4'-(trimethylammonio)butyl phosphate, 2-(vinyloxy)ethyl-2'-
(trimethylammonio)ethyl phosphate, 2-(allyloxy)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-(p-
vinylbenzyloxy)ethyl-2'-(trimethylammonio)ethyl = phosphate, 2-(p-vinylbenzoyloxy)ethyl-2'-
(trimethylammonio)ethyl phosphate, 2-(styryloxy)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-(p-
vinylbenzyl)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-(vinyloxycarbonyl)ethyl-2'-
(trimethylammonio)ethyl = phosphate,  2-(allyloxycarbonyl)ethyl-2'-(trimethylammonio)ethyl
phosphate, 2-(acryloylamino)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-
(vinylcarbonylamino)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-(allyloxycarbonylamino)ethyl-
2'-(trimethylammonio)ethyl phosphate, 2-(butyroyloxy)ethyl-2'-(trimethylammonio)ethyl phosphate,

2-(crotonoyloxy)ethyl-2'-(trimethylammonio)ethyl phosphate, ethyl-(2'-
trimethylammonioethylphosphorylethyl)tfumarate, butyl-(2'-
trimethylammonioethylphosphorylethyl)fumarate, hydroxyethyl-(2'-
trimethylammonioethylphosphorylethyl)fumarate, 2-hydroxyethyl(meth)acrylate, 2-

hydroxypropyl(meth)acrylate; polyalkylene glycol(meth)acrylate monomers diethylene glycol
mono(meth)acrylate, polyethylene glycol mono(meth)acrylate, polypropylene glycol
mono(meth)acrylate, methoxydiethylene glycol(meth)acrylate, methoxypolyethylene
glycol(meth)acrylate, methoxypolypropylene glycol(meth)acrylate; w-carboxy(meth)acrylates,
phthalic acid monohydroxyethyl(meth)acrylate, hexahydrophthalic acid
monohydroxyethyl(meth)acrylate, .omega.-carboxy-polycaprolactone (n=2 to 5) mono(meth)acrylate,
(meth)acryloyloxyethyl succinate; N-vinyl-2-pyrrolidone, vinylpyridine, (meth)acrylamide,
(meth)acrylic acid, 2-acrylamide-2-methylpropanesulfonic acid, dimethylaminoethyl(meth)acrylate,
diethylaminoethyl(meth)acrylate, maleic anhydride, and glyco-2-hydroxyethyl monomethacrylate
(GEMA),  p-carboxyethyl-3,3-dimethyammoniumethylmethacylate  and  sulfopropyl-3,3-

dimethyammoniumethylmethacylate, and combinations thereof.
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[0092] Optionally in Embodiment (i), the zwitterionic copolymer binds covalently to the

prepared substrate surface.

[0093] Optionally in Embodiment (i), the non-specific biomolecule adsorption and/or

binding resistant coating has decreased binding of biomolecules compared to a non-treated substrate.

[0094] Optionally in Embodiment (i), the biomolecule is selected from the group consisting
of nucleotides, amino acids, sugars, fatty acids, nucleic acid molecules, polypeptides,
polynucleotides, polysaccharides, lipids, steroids, glycoproteins, lipoproteins, glycolipids, DNA,
DNA-protein conjugates, RNA, RNA-conjugates, antibodies, and receptors, receptor fusion
constructs, receptor fusion proteins, chimeric proteins, antibody fusion constructs, and antibody

fusion proteins.
[0095] Optionally in Embodiment (i), the substrate is a surface of a vessel.

[0096] Optionally in Embodiment (i), the vessel is selected from the group consisting of a
microplate; a centrifuge tube; a pipette tip; a cuvette, a microwell plate; an ELIS A plate; a microtiter

plate; a 96-wcll platc; and a 384-wecll plate.

[0097] Optionally in Embodiment (i), a vessel having an interior surface coated at least in

part with a non-specific biomolecule adsorption and/or binding resistant coating made by:
(a) providing a substrate in a reaction chamber;
(b) drawing a vacuum in the reaction chamber;
(c) providing a gas comprising O, in the vicinity of the substrate surface;

(d) generating a plasma from the gas, thus forming a hydroxyl functional substrate surface,

and optionally heating the substrate;

(e) providing a copolymer solution comprising a solvent and at least one zwitterionic
copolymer, wherein the at least one zwitterionic copolymer comprises two or more monomers,

comprising at least one siloxane moiety and at least one zwillerion moiety;

(f) reacting the hydroxyl functional surface with the at least one zwitterionic copolymer and

optionally heating the substrate;
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(g) optionally waiting;

(h) removing the copolymer solution, and optionally drying the non-specific biomolecule

adsorption and/or binding resistant coated surface, optionally heating the surface,
thus forming a non-specific biomolecule adsorption and/or binding resistant coated vessel.

[0098] Optionally in Embodiment (i), the non-specific biomolecule adsorption and/or

binding resistant coating made by:
(a) providing a substrate in a reaction chamber;
(b) drawing a vacuum in thc rcaction chamber;

(c) providing a gas comprising an organosilicon precursor and optionally O3 in the vicinity of

the substratc surfacc;

(d) generating a plasma from the gas, thus forming a hydroxyl functional surface on the

substrate surface;

(e) providing a copolymer solution comprising a solvent and at least one zwitterionic
copolymer, wherein the at least one zwitterionic copolymer comprises two or more monomers,

comprising at least one siloxane moiety and at least one zwitterion moiety;

() rcacting the hydroxyl functional surfacc with the at lcast onc zwittcrionic copolymer and

optionally heating the substrate;
(g) optionally waiting;

(h) removing the copolymer solution, and optionally drying the non-specific biomolecule

adsorption and/or binding resistant coated surface, optionally heating the surface,
thus forming a non-specific biomolecule adsorption and/or binding resistant coated vessel.

[0099] Optonally in Embodiment (1), a non-specific biomolecule adsorption and/or binding

resistant coating made by:

(a) providing a substrate a hydroxyl functional surface;

-39-

137/300



WO 2017/087032 PCT/US2016/037674

(b) providing a copolymer solution comprising a solvent and at least one zwitterionic
copolymer, wherein the at least one zwitterionic copolymer comprises two or more monomers,

comprising at least one siloxane moiety and at least one zwitterion moiety;

(c) reacting the hydroxyl functional surface with the at least one zwitterionic copolymer and

optionally heating the substrate;
(c) optionally waiting;

(d) removing the copolymer solution, and optionally drying the non-specific biomolecule

adsorption and/or binding resistant coated surface, optionally heating the surface,
thus forming a non-specific biomolecule adsorption and/or binding resistant coated vessel.

[00100] Optionally in Embodiment (i), a non-specific biomolecule adsorption and/or binding

resistant coating made by:
(a) providing a substrate a hydroxyl functional surface;

(b) providing a copolymer solution comprising a solvent and at least one zwitterionic
copolymer, wherein the at least one zwitterionic copolymer comprises two Or more monomers,

comprising at least one siloxane moiety and at least one zwitterion moiety

(c) reacting the hydroxyl functional surface with the at least one zwitterionic copolymer and

optionally heating the substrate;
(c) optionally waiting;

(d) removing the copolymer solution, and optionally drying the non-specific biomolecule

adsorption and/or binding resistant coated surface, optionally heating the surface,
thus forming a non-specific biomolecule adsorption and/or binding resistant coated vessel.

[00101] Optionally in Embodiment (i), the zwitterionic copolymer comprises at least one
siloxane moiety selected from the group consisting of (3-acryloxypropyl) trimethoxysilane;
methacryloxypropyltrimethoxysilane; n-(3-acryloxy-2-hydroxypropyl) — 3 - aminopropyl

triethoxysilane; o-(methacryloxyethyl)-n-(triethoxysilylpropyl) urethane; n-(3-methacryloxy-2-
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hydroxypropyl) - 3 - aminopropyltriethoxysilane; methacryloxymethyltriethoxysilane;
methacryloxymethyl trimethoxysilane; methacryloxypropyl triethoxysilane; 3-
acryloxypropyDmethyl-dimethoxy silane; (methacryloxymethyl) methyl - diethoxysilane;
(methacryloxymethyl)methyl- dimethoxysilane; Methacryloxypropylmethyl diethoxysilane;
methacryloxypropylmethyl  dimethoxysilane;  Methacryloxypropyl  dimethylethoxysilane;

methacryloxypropyldimethyl methoxysilane, and combinations thereof; and

[00102] at least one zwitterion moiety selected from the group consisting of 2-
{(meth)acryloyloxyethyl-2'-(trimethylammonio)ethyl phosphate (including MPC), 2-
(methacryloxy)ethyl 2-(diimethylammonio)ethyl phosphate (aka = 2-methacryloyloxyethyl
phosphorylcholine; 2-(methacryloxy)ethyl-2-(dimethylammonio)ethylcarboxylate; 2-
(methacryloxy)ethyl-2-(dimethylammonio)propylsulfonate; 2-(methyacrylamido)ethyl-2-
(dimethylammonio)propylsulfonate; phosphoric acid 2-(methacryloyloxy)ethyl 2-
(trimethylammonio) ethyl ester); 3-(meth)acryloyloxypropyl-2'-(trimethylammonio)ethyl phosphate,
4-(meth)acryloyloxybutyl-2'-(trimethylammonio)ethyl phosphate 5-(meth)acryloyloxypentyl-2'-
(trimethylammonio)ethyl  phosphate,  6-(meth)acryloyloxyhexyl-2'-(trimethylammonio)ethyl
phosphate, 2-(meth)acryloyloxyethyl-2'-(trimethylammonio)ethyl phosphate, 2-
(meth)acryloyloxyethyl-2'-(tripropylammonio)ethyl ~ phosphate,  2-(meth)acryloyloxyethyl-2'-
(tributylammonio)ethyl ~ phosphate, 2-(meth)acryloyloxypropyl-2'-(trimethylammeonio)ethyl
phosphate, 2-(meth)acryloyloxybutyl-2'-(trimethylammonio)ethyl phosphate, 2-
{(meth)acryloyloxypentyl-2'-(trimethylammonio)ethyl phosphate, 2-(meth)acryloyloxyhexyl-2'-
(rimethylammonio)ethyl  phosphate, 2-(meth)acryloyloxyethyl-3'-(trimethylammonio)propyl
phosphate, 3-(meth)acryloyloxypropyl-3'-(trimethylammonio)propyl phosphate, 4-
(meth)acryloyloxybutyl-3'-(trimethylammonio)propyl phosphate, 5-(meth)acryloyloxypentyl-3'-
(trimethylammonio)propyl phosphate, 6-(meth)acryloyloxyhexyl-3'-(trimethylammonio)propyl
phosphate, 2-(meth)acryloyloxyethyl-4'-(trimethylammonio)butyl phosphate, 3-
(meth)acryloyloxypropyl-4'-(trimethylammonio)butyl phosphate, 4-(meth)acryloyloxybutyl-4'-
(trimethylammonio)butyl  phosphate, 5-(meth)acryloyloxypentyl-4'-(trimethylammonio)butyl
phosphate, 6-(meth)acryloyloxyhexyl-4'-(trimethylammonio)butyl phosphate, 2-(vinyloxy)ethyl-2'-
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(trimethylammonio)ethyl phosphate, 2-(allyloxy)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-(p-
vinylbenzyloxy)ethyl-2'-(trimethylammonio)ethyl  phosphate, 2-(p-vinylbenzoyloxy)ethyl-2'-
(trimethylammonio)ethyl phosphate, 2-(styryloxy)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-(p-
vinylbenzyl)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-(vinyloxycarbonyl)ethyl-2'-
(trimethylammonio)ethyl  phosphate,  2-(allyloxycarbonyl)ethyl-2'-(trimethylammonio)ethyl
phosphate, 2-(acryloylamino)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-
(vinylcarbonylamino)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-(allyloxycarbonylamino)ethyl-
2'-(trimethylammonio)ethyl phosphate, 2-(butyroyloxy)ethyl-2'-(trimethylammonio)ethyl phosphate,

2-(crotonoyloxy)ethyl-2'-(trimethylammonio)ethyl phosphate, ethyl-(2'-
trimethylammonioethylphosphorylethyl)tfumarate, butyl-(2'-
trimethylammonioethylphosphorylethyl)fumarate, hydroxyethyl-(2'-
trimethylammonioethylphosphorylethyl)fumarate, 2-hydroxyethyl(meth)acrylate, 2-

hydroxypropyl(meth)acrylate; polyalkylene glycol(meth)acrylate monomers diethylene glycol
mono(meth)acrylate, polyethylene glycol —mono(meth)acrylate, polypropylene glycol
mono(meth)acrylate, methoxydiethylene glycol(meth)acrylate, methoxypolyethylene
glycol(meth)acrylate, methoxypolypropylene glycol(meth)acrylate; w-carboxy(meth)acrylates,
phthalic acid monohydroxyethyl(meth)acrylate, hexahydrophthalic acid
monohydroxyethyl(meth)acrylate, .omega.-carboxy-polycaprolactone (n=2 to 5) mono(meth)acrylate,
(meth)acryloyloxyethyl succinate; N-vinyl-2-pyrrolidone, vinylpyridine, (meth)acrylamide,
(meth)acrylic acid, 2-acrylamide-2-methylpropanesulfonic acid, dimethylaminoethyl(meth)acrylate,
diethylaminoethyl(meth)acrylate, maleic anhydride, and glyco-2-hydroxyethyl monomethacrylate
(GEMA),  p-carboxyethyl-3,3-dimethyammoniumethylmethacylate  and  sulfopropyl-3,3-

dimethyammoniumethylmethacylate, and combinations thereof.

[00103] Optionally in Embodiment (i), the zwitterionic copolymer binds covalently to the

prepared substrate surface.

[00104] Optionally in Embodiment (i), the non-specific biomolecule adsorption and/or

binding resistant coating has decreased binding of biomolecules compared to a non-treated substrate.
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[00105] Optionally in Embodiment (i), the biomolecule is selected from the group consisting
of nucleotides, amino acids, sugars, fatty acids, nucleic acid molecules, polypeptides,
polynucleotides, polysaccharides, lipids, steroids, glycoproteins, lipoproteins, glycolipids, DNA,
DNA-protein conjugates, RNA, RNA-conjugates, antibodies, and receptors, receptor fusion
constructs, receptor fusion proteins, chimeric proteins, antibody fusion constructs, and antibody

fusion proteins.

[00106] Optionally in Embodiment (i), the vessel is selected from the group consisting of a
microplate; a centrifuge tube; a pipette tip; a cuvette, a microwell plate; an ELIS A plate; a microtiter
plate; a 96-well plate; and a 384-well plate; a 1536-well plate; a round bottom flask; and an

Erlenmeyer flask.
Embodiment (ii)

[00107] A method is described according to Embodiment (i1) for providing a non-specific
biomolecule adsorption and/or binding resistant coated surface which exhibits low- or non-binding

of biomolecules and/or low or non-adsorption of biomolecules, the method comprising the steps:
(a) providing a substrate in a reaction chamber;
(b) drawing a vacuum in the reaction chamber;

(c) providing a gas comprising O, optionally containing argon, optionally containing nitrogen

in the vicinity of the substrate surfacc;

(d) generating a plasma from the gas, thus forming a prepared substrate surface, and

optionally hecating the substratc;

(e) providing a vapor comprising at least one silyl amine coupling agent to provide an amine

modificd substratc;

(f) providing a copolymer solution comprising a solvent, wherein the copolymer comprises at
least one copolymerizable zwitterionic monomer and at least one copolymerizable epoxy monomer,

optionally in the presence of a polymerization initiator;
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(g) reacting the copolymer with the amine modified substrate and optionally heating the

substrate;
(h) optionally waiting;

(i) removing the copolymer, and optionally drying the non-specific biomolecule adsorption

and/or non-specific binding resistant coated surface, optionally heating the surface,

thus forming a non-specific biomolecule adsorption and/or non-specific binding resistant

coated surface.
The method of Embodiment (ii) comprising the steps:
(a) providing a substrate in a that is a SiOx-coated glass surface reaction chamber;
(b) drawing a vacuum in thc rcaction chamber;

(c) providing a gas comprising O, optionally containing argon, optionally containing nitrogen

in the vicinity of the substrate surface;

(d) generating a plasma from the gas, thus forming a prepared substrate surface, and

optionally heating the substrate;

(e) providing a vapor comprising at least one silyl amine coupling agent to provide an amine

modificd substratc;

(f) providing a copolymer solution comprising a solvent, wherein the copolymer comprises at
least one copolymerizable zwitterionic monomer and at least one copolymerizable epoxy monomer,

optionally in the presence of a polymerization initiator;

(g) reacting the copolymer with the amine modified substrate and optionally heating the

substrate;
(h) optionally waiting;

(i) removing the copolymer solution, and optionally drying the non-specific biomolecule
adsorption and/or non-specific binding resistant coated surface, optionally heating the surface,

thus forming a non-specific biomolecule adsorption and/or binding resistant coated surface.
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[00108] The method of Embodiment (ii) wherein the at least one silyl amine coupling agent is
selected from the group consisting of 3-Aminopropyltriethoxysilane, 3-

Aminopropyltrimethoxysilane, 4-Aminobutyltriethoxysilane, M-Aminophenyltrimethoxysilane, P-

Aminophenyltrimethoxysilane, O-Aminophenyltrimethoxysilane, 3-
Aminopropyltris(Methoxyethoxyethoxy)Silane, 11-Aminoundecyltriethoxysilane, 3-(M-
Aminophenoxy)Propyltrimethoxysilane, Aminopropylsilanetriol, 3-
Aminopropylmethyldiethoxysilane, 3-Aminopropyldiisopropylethoxysilane, 3-

Aminopropyldimethylethoxysilane, N-(2-Aminoethyl)-3-Aminopropyltrimethoxysilane, N-[3-
(Trimethoxysilyl)Propyl]Ethylenediamine, N-(2-Aminoethyl)-3-Aminopropyltriethoxysilane,
N-(6-Aminohexyl)Aminomethyltriethoxysilane, N-(6-Aminohexyl)Aminopropyltrimethoxysilane,
N-(2-Aminoethyl)-11-Aminoundecyltrimethoxysilane,

(Aminoethylaminomethyl)Phenethyltrimethoxysilane, N-3-[(Amino(Polypropylenoxy)],
Aminopropyltrimethoxysilane, N-(2-Aminoethyl)-3-Aminopropylsilanetriol, N-(2-Aminoethyl)-3-
Aminopropylmethyldimethoxysilane, N-(2-Aminoethyl)-3-Aminoisobutylmethyldimethoxysilane,

(Aminoethylamino)-3-Isobutyldimethylmethoxysilane, (3-
Trimethoxysilylpropyl)Diethylenetriamine, N-Butylaminopropyltrimethoxysilane, N-
Ethylaminoisobutyltrimethoxysilane, N-Methylaminopropyltrimethoxysilane, N-
Phenylaminopropyltrimethoxysilane, 3-(N-Allylamino)Propyltrimethoxysilane,
(Cyclohexylaminomethyl)Triethoxysilane, N-Cyclohexylaminopropyltrimethoxysilane, N-
Ethylaminoisobutylmethyldiethoxysilane, (Phenylaminomethyl)Methyldimethoxysilane, N-
Phenylaminomethyltriethoxysilane, N-Methylaminopropylmethyldimethoxysilane,  Bis(2-
Hydroxyethyl)-3- Aminopropyltriethoxysilane, 3-(N-Styrylmethyl-2-Aminoethylamino)-

Propyltrimethoxysilane Hydrochloride, (2-N-Benzylaminoethyl)-3- Aminopropyl-Trimethoxysilane,
Bis(Triethoxysilylpropyl)Amine, Bis(Trimethoxysilylpropyl)Amine, Bis[(3-
Trimethoxysilyl)Propyl]- Ethylenediamine, Bis[(3-Trimethoxysilyl)Propyl]-Ethylenediamine,
Bis(Methyldiethoxysilylpropyl)Amine, N-Allyl-Aza-2,2-Dimethoxysila- Cyclopentane, N-
Aminoethyl-Aza-2.2 4-Trimethyl-Silacyclopentane, N-(3-Aminopropyldimethylsila)Aza-2,2-
Dimethyl-2-Silacyclopentane, N-N-Butyl-Aza-2,2-Dimethoxysila- Cyclopentane, 2,2-Dimethoxy-
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1,6-Diaza-2-Silacyclo-Octane, N-Methyl-Aza-2.2,4-Trimethylsila-Cylcopentane, 1-(N-(IN',N'-

dimethylaminoethyl))-1-aza-2,2,4-trimethyl-2-silacyclopentane and combinations thereof.

The method of Embodiment (ii) wherein the at least one copolymerizable zwitterionic monomer is
selected from the group consisting of 2-(meth)acryloyloxyethyl-2'-(trimethylammonio)ethyl
phosphate (including MPC), 2-(methacryloxy)ethyl 2-(diimethylammonio)ethyl phosphate (aka =2-
methacryloylox yethyl phosphorylcholine; 2-(methacryloxy)ethyl-2-
(dimethylammonio)ethylcarboxylate; 2-(methacryloxy)ethyl-2-(dimethylammonio)propylsulfonate;
2-(methyacrylamido)ethyl-2-(dimethylammonio)propylsulfonate; phosphoric acid 2-
(methacryloyloxy)ethyl 2-(trimethylammonio) ethyl ester); 3-(meth)acryloyloxypropyl-2'-
(trimethylammonio)ethyl  phosphate,  4-(meth)acryloyloxybutyl-2'-(trimethylammonio)ethyl
phosphate 5-(meth)acryloyloxypentyl-2'-(trimethylammonio)ethyl phosphate, 6-
(meth)acryloyloxyhexyl-2'-(trimethylammonio)ethyl  phosphate, 2-(meth)acryloyloxyethyl-2'-
(trimethylammonio)ethyl ~ phosphate, 2-(meth)acryloyloxyethyl-2'-(tripropylammonio)ethyl
phosphate, 2-(meth)acryloyloxyethyl-2'-(tributylammonio)ethyl phosphate, 2-
(meth)acryloyloxypropyl-2'-(trimethylammonio)ethyl phosphate, 2-(meth)acryloyloxybutyl-2'-
(trimethylammonio)ethyl  phosphate, 2-(meth)acryloyloxypentyl-2'-(trimethylammonio)ethyl
phosphate, 2-(meth)acryloylox yhexyl-2'-(trimethylammonio)ethyl phosphate, 2-
(meth)acryloyloxyethyl-3'-(trimethylammonio)propyl phosphate, 3-(meth)acryloyloxypropyl-3'-
(trimethylammonio)propyl phosphate, 4-(meth)acryloyloxybutyl-3'-(trimethylammonio)propyl
phosphate, 5-(meth)acryloyloxypentyl-3'-(trimethylammonio)propyl phosphate, 6-
(meth)acryloyloxyhexyl-3'-(trimethylammonio)propyl phosphate, 2-(meth)acryloyloxyethyl-4'-
(trimethylammonio)butyl phosphate, 3-(meth)acryloyloxypropyl-4'-(trimethylammonio)butyl
phosphate, 4-(meth)acryloyloxybutyl-4'-(trimethylammonio)butyl phosphate, 5-
{(meth)acryloyloxypentyl-4'-(trimethylammonio)butyl phosphate, 6-(meth)acryloyloxyhexyl-4'-
(trimethylammonio)butyl phosphate, 2-(vinyloxy)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-
(allyloxy)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-(p-vinylbenzyloxy)ethyl-2'-
(trimethylammonio)ethyl phosphate, 2-(p-vinylbenzoyloxy)ethyl-2'-(trimethylammonio)ethyl
phosphate, 2-(styryloxy)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-(p-vinylbenzyl)ethyl-2'-
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(trimethylammonio)ethyl  phosphate, 2-(vinyloxycarbonyl)ethyl-2'-(trimethylammonio)ethyl
phosphate, 2-(allyloxycarbonyl)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-(acryloylamino)ethyl-
2'-(trimethylammonio)ethyl phosphate, 2-(vinylcarbonylamino)ethyl-2'-(trimethylammonio)ethyl
phosphate, 2-(allyloxycarbonylamino)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-
(butyroyloxy)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-(crotonoyloxy)ethyl-2'-
(trimethylammonio)ethyl phosphate, ethyl-(2'-trimethylammonioethylphosphorylethyl)fumarate,
butyl-(2'-trimethylammonioethylphosphorylethyl)fumarate, hydroxyethyl-(2'-
trimethylammonioethylphosphorylethyl)fumarate, 2-hydroxyethyl(meth)acrylate, 2-
hydroxypropyl(meth)acrylate; polyalkylene glycol(meth)acrylate monomers diethylene glycol
mono(meth)acrylate, polyethylene glycol mono(meth)acrylate, polypropylene glycol
mono(meth)acrylate, methoxydiethylene glycol(meth)acrylate, methoxypolyethylene
glycol(meth)acrylate, methoxypolypropylene glycol(meth)acrylate; w-carboxy(meth)acrylates,
phthalic acid monohydroxyethyl(meth)acrylate, hexahydrophthalic acid
monohydroxyethyl(meth)acrylate, ®-carboxy-polycaprolactone (n=2 to 5) mono(meth)acrylate,
(meth)acryloyloxyethyl succinate; N-vinyl-2-pyrrolidone, vinylpyridine, (meth)acrylamide,
(meth)acrylic acid, 2-acrylamide-2-methylpropanesulfonic acid, dimethylaminoethyl(meth)acrylate,
diethylaminoethyl(meth)acrylate, maleic anhydride, and glyco-2-hydroxyethyl monomethacrylate
(GEMA),  p-carboxyethyl-3,3-dimethyammoniumethylmethacylate  and  sulfopropyl-3,3-

dimethyammoniumethylmethacylate, and combinations thereof.

The method of Embodiment (ii) wherein the at least one copolymerizable epoxy monomer is selected
from the group consisting of glycidyl acrylate, glycidyl methacrylate (GMA), (E)-(oxiran-2-yl)methyl
but-2-enoate, (3,3-dimethyloxiran-2-ylymethyl methacrylate, (E)-(oxiran-2-yl)methyl cinnamate,
(oxiran-2-yl)methyl 2-methylenebutanoate, 1-(oxiran-2-yl)propyl acrylate, 1-(oxiran-2-yl)ethyl
methacrylate, (oxiran-2-yl)methyl 3-methyl-2-methylenebutanoate, (oxiran-2-yl)methyl 2-
methylenepentanoate, (3-methyloxiran-2-yl)methyl acrylate, 2-(oxiran-2-yl)propan-2-yl acrylate,
(oxiran-2-yl)methyl 2-methylenehexanoate, (3-methyloxiran-2-yl)methyl methacrylate, and (3,3-

dimethyloxiran-2-yl)methyl acrylate and combinations thereof.
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The method of Embodiment (ii) wherein the epoxy-modified zwitterionic copolymer binds

covalently to the amine modified substrate.

The method of Embodiment (ii) wherein the solvent is selected from the group consisting of water,
methanol, ethanol, isopropanol, tetrahydrofuran, 1,4-dioxane, 1,2-dimethoxyethane, N,N-
dimethylformamide, dimethylsulfoxide, methylene chloride, 1,2-dicholorethane and combinations

thereof.

[00109] The method of Embodiment (ii) wherein the non-specific biomolecule adsorption
and/or non-specific binding resistant coated surface has decreased binding of biomolecules compared

to a non-treated substrate.

[00110] The method of Embodiment (ii) wherein the biomolecule is selected from the group
consisting of nucleotides, amino acids, sugars, fatty acids, nucleic acid molecules, polypeptides,
polynucleotides, polysaccharides, lipids, steroids, glycoproteins, lipoproteins, glycolipids, DNA,
DNA-protein conjugates, RNA, RNA-conjugates, antibodies, and receptors, receptor fusion
constructs, receptor fusion proteins, chimeric proteins, antibody fusion constructs, and antibody

fusion proteins.
[00111] The method of Embodiment (ii) wherein the substrate is a surface of a vessel.

[00112] The method of Embodiment (ii) wherein the vessel is selected from the group
consisting of a microplate; a centrifuge tube; a pipette tip; a cuvette, a microwell plate; an ELISA
plate; a microtiter plate; a 96-well plate; a 384-well plate; a 1536-well plate; a round bottom flask;

and an Erlenmeyer flask.

[00113] A non-specific biomolecule adsorption and/or non-specific binding resistant coated

substratc of Embodiment (ii) madc by:
(a) providing a substrate in a reaction chamber;
(b) drawing a vacuum in the reaction chamber;

(c) providing a gas comprising O, optionally containing argon, optionally containing nitrogen

in the vicinity of the substrate surface;
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(d) generating a plasma from the gas, thus forming a prepared substrate surface, and

optionally heating the substrate;

(e) providing a vapor comprising at least one silyl amine coupling agent to provide an amine

modified substrate;

(f) providing a copolymer solution comprising a solvent, wherein the copolymer comprises at
least one copolymerizable zwitterionic monomer and at least one copolymerizable epoxy monomer,

optionally in the presence of a polymerization initiator;

(g) reacting the copolymer with the amine modified substrate and optionally heating the

substrate;
(h) optionally waiting;

(i) removing the copolymer solution, and optionally drying the non-specific biomolecule

adsorption and/or binding rcsistant coated surfacc, optionally heating the surface,
thus forming a non-specific biomolecule adsorption and/or binding resistant coated substrate.

The method of Embodiment (ii) in which the non-specific biomolecule adsorption and/or

non-specific binding resistant coated substrate made by:
(a) providing a substrate in a that is a SiOx-coated glass surface reaction chamber;
(b) drawing a vacuum in the reaction chamber;

(c) providing a gas comprising O, optionally containing argon, optionally containing nitrogen

in the vicinity of the substrate surface;

(d) generating a plasma from the gas, thus forming a prepared substrate surface, and

optionally heating the substrate;

(e) providing a vapor comprising at least one silyl amine coupling agent to provide an amine

modified substrate;
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(f) providing a copolymer solution comprising a solvent, wherein the copolymer comprises at
least one copolymerizable zwitterionic monomer and at least one copolymerizable epoxy monomer,

optionally in the presence of a polymerization initiator;

(g) reacting the copolymer with the amine modified substrate and optionally heating the

substrate;

(h) optionally waiting;

(i) removing the copolymer solution, and optionally drying the non-specific biomolecule
adsorption and/or non-specific binding resistant coated surface, optionally heating the surface,

thus forming a non-specific biomolecule adsorption and/or binding resistant coated substrate.

[00114] The method of Embodiment (ii) wherein the at least one silyl amine coupling agent is
selected from the group consisting of 3-Aminopropyltriethoxysilane, 3-

Aminopropyltrimcthoxysilanc, 4-Aminobutyltricthoxysilanc, M- Aminophcnyltrimethoxysilanc, P-

Aminophenyltrimethoxysilane, O-Aminophenyltrimethoxysilane, 3-
Aminopropyltris(Methoxyethoxyethoxy)Silane, 11-Aminoundecyltriethoxysilane, 3-(M-
Aminophenoxy)Propyltrimethoxysilane, Aminopropylsilanetriol, 3-
Aminopropylmethyldiethoxysilane, 3-Aminopropyldiisopropylethoxysilane, 3-

Aminopropyldimethylethoxysilane, N-(2-Aminoethyl)-3-Aminopropyltrimethoxysilane, N-[3-
(Trimethoxysilyl)Propyl]Ethylenediamine, N-(2-Aminoethyl)-3-Aminopropyltriethoxysilane,
N-(6-Aminohexyl) Aminomethyltriethoxysilane, N-(6-Aminohexyl)Aminopropyltrimethoxysilane,
N-(2-Aminoethyl)-11-Aminoundecyltrimethoxysilane,

(Aminoethylaminomethyl)Phenethyltrimethoxysilane, N-3-[(Amino(Polypropylenoxy)],
Aminopropyltrimethoxysilane, N-(2-Aminoethyl)-3-Aminopropylsilanetriol, N-(2- Aminoethyl)-3-

Aminopropylmethyldimethoxysilane, N-(2-Aminoethyl)-3- Aminoisobutylmethyldimethoxysilane,

(Aminocthylamino)-3-Isobutyldimcthylmcthoxysilanc, (3-

Trimethoxysilylpropyl)Diethylenetriamine, N-Butylaminopropyltrimethoxysilane, N-

Ethylaminoisobutyltrimethoxysilane, N-Methylaminopropyltrimethoxysilane, N-

Phenylaminopropyltrimethoxysilane, 3-(N-Allylamino)Propyltrimethoxysilane,
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(Cyclohexylaminomethyl)Triethoxysilane, N-Cyclohexylaminopropyltrimethoxysilane, N-
Ethylaminoisobutylmethyldiethoxysilane, (Phenylaminomethyl)Methyldimethoxysilane, N-
Phenylaminomethyltriethoxysilane, N-Methylaminopropylmethyldimethoxysilane,  Bis(2-
Hydroxyethyl)-3- Aminopropyltriethoxysilane, 3-(N-Styrylmethyl-2-Aminoethylamino)-

Propyltrimethoxysilane Hydrochloride, (2-N-Benzylaminoethyl)-3- Aminopropyl-Trimethoxysilane,
Bis(Triethoxysilylpropyl)Amine, Bis(Trimethoxysilylpropyl)Amine, Bis[(3-
Trimethoxysilyl)Propyl]- Ethylenediamine, Bis[(3-Trimethoxysilyl)Propyl]-Ethylenediamine,
Bis(Methyldiethoxysilylpropyl)Amine, N-Allyl-Aza-2,2-Dimethoxysila- Cyclopentane, N-
Aminoethyl-Aza-2,2 4-Trimethyl-Silacyclopentane, N-(3-Aminopropyldimethylsila)Aza-2,2-
Dimethyl-2-Silacyclopentane, N-N-Butyl-Aza-2.2-Dimethoxysila- Cyclopentane, 2,2-Dimethoxy-
1,6-Diaza-2-Silacyclo-Octane, N-Methyl-Aza-2.2 4-Trimethylsila-Cylcopentane, 1-(N-(N',N'-

dimethylaminoethyl))-1-aza-2,2 4-trimethyl-2-silacyclopentane and combinations thereof.

[00115] The method of Embodiment (ii), wherein the at least one copolymerizable
zwitterionic monomer is selected from the group consisting of 2-(meth)acryloyloxyethyl-2'-
(trimethylammonio)ethyl phosphate (including MPC), 2-(methacryloxy)ethyl 2-
(diimethylammonio)ethyl phosphate (aka = 2-methacryloyloxyethyl phosphorylcholine; 2-
(methacryloxy)ethyl-2-(dimethylammonio)ethylcarboxylate; 2-(methacryloxy)ethyl-2-
(dimethylammonio)propylsulfonate; 2-(methyacrylamido)ethyl-2-
(dimethylammonio)propylsulfonate; phosphoric acid 2-(methacryloyloxy)ethyl 2-
(trimethylammonio) ethyl ester); 3-(meth)acryloyloxypropyl-2'-(trimethylammonio)ethyl phosphate,
4-(meth)acryloyloxybutyl-2'-(trimethylammonio)ethyl phosphate 5-(meth)acryloyloxypentyl-2'-
(trimethylammonio)ethyl  phosphate,  6-(meth)acryloyloxyhexyl-2'-(trimethylammonio)ethyl
phosphate, 2-(meth)acryloyloxyethyl-2'-(trimethylammonio)ethyl phosphate, 2-
{(meth)acryloyloxyethyl-2'-(tripropylammonio)ethyl ~ phosphate, 2-(meth)acryloyloxyethyl-2'-
(tributylammonio)ethyl ~ phosphate, 2-(meth)acryloyloxypropyl-2'-(trimethylammonio)ethyl
phosphate, 2-(meth)acryloyloxybutyl-2'-(trimethylammonio)ethyl phosphate, 2-
(meth)acryloyloxypentyl-2'-(trimethylammonio)ethyl phosphate, 2-(meth)acryloyloxyhexyl-2'-
(trimethylammonio)ethyl phosphate, 2-(meth)acryloyloxyethyl-3'-(trimethylammonio)propyl
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phosphate, 3-(meth)acryloyloxypropyl-3'-(trimethylammonio)propyl phosphate, 4-
(meth)acryloyloxybutyl-3'-(trimethylammonio)propyl phosphate, 5-(meth)acryloyloxypentyl-3'-
(trimethylammonio)propyl phosphate, 6-(meth)acryloyloxyhexyl-3'-(trimethylammonio)propyl
phosphate, 2-(meth)acryloyloxyethyl-4'-(trimethylammonio)butyl phosphate, 3-
(meth)acryloyloxypropyl-4'-(trimethylammonio)butyl phosphate, 4-(meth)acryloyloxybutyl-4'-
(trimethylammonio)butyl phosphate, 5-(meth)acryloyloxypentyl-4'-(trimethylammonio)butyl
phosphate, 6-(meth)acryloyloxyhexyl-4'-(trimethylammonio)butyl phosphate, 2-(vinyloxy)ethyl-2'-
(trimethylammonio)ethyl phosphate, 2-(allyloxy)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-(p-
vinylbenzyloxy)ethyl-2'-(trimethylammonio)ethyl  phosphate, 2-(p-vinylbenzoyloxy)ethyl-2'-
(trimethylammonio)ethyl phosphate, 2-(styryloxy)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-(p-
vinylbenzyl)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-(vinyloxycarbonyl)ethyl-2'-
(trimethylammonio)ethyl  phosphate,  2-(allyloxycarbonyl)ethyl-2'-(trimethylammonio)ethyl
phosphate, 2-(acryloylamino)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-
(vinylcarbonylamino)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-(allyloxycarbonylamino)ethyl-
2'-(trimethylammonio)ethyl phosphate, 2-(butyroyloxy)ethyl-2'-(trimethylammonio)ethyl phosphate,
2-(crotonoyloxy)ethyl-2'-(trimethylammonio)ethyl phosphate, ethyl-(2'-
trimethylammonioethylphosphorylethyl)fumarate, butyl-(2'-trimethylammonioethylphosphorylethyl)
fumarate, hydroxyethyl - (2'-trimethylammonioethylphosphorylethyl)fumarate, 2-
hydroxyethyl(meth)acrylate, 2-hydroxypropyl(meth)acrylate; polyalkylene glycol(meth)acrylate
monomers diethylene glycol mono(meth)acrylate, polyethylene glycol mono(meth)acrylate,
polypropylene glycol  mono(meth)acrylate, methoxydiethylene glycol(meth)acrylate,
methoxypolyethylene glycol(meth)acrylate, methoxypolypropylene glycol(meth)acrylate; -
carboxy(meth)acrylates, phthalic acid monohydroxyethyl(meth)acrylate, hexahydrophthalic acid
monohydroxyethyl(meth)acrylate, ®-carboxy-polycaprolactone (n=2 to 5) mono(meth)acrylate,
(meth)acryloyloxyethyl succinate; N-vinyl-2-pyrrolidone, vinylpyridine, (meth)acrylamide,
{(meth)acrylic acid, 2-acrylamide-2-methylpropanesulfonic acid, dimethylaminoethyl(meth)acrylate,
diethylaminoethyl(meth)acrylate, maleic anhydride, and glyco-2-hydroxyethyl monomethacrylate
(GEMA), B-carboxyethyl-3,3-dimethyammoniumethylmethacylate  and  sulfopropyl-3,3-

dimethyammoniumethylmethacylate, and combinations thereof.
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The method of Embodiment (ii), wherein the at least one copolymerizable epoxy monomer is
selected from the group consisting of glycidyl acrylate, glycidyl methacrylate (GMA), (E)-(oxiran-2-
yl)methyl but-2-enoate, (3,3-dimethyloxiran-2-yl)methyl methacrylate, (E)-(oxiran-2-yl)methyl
cinnamate, (oxiran-2-yl)methyl 2-methylenebutanoate, 1-(oxiran-2-yl)propyl acrylate, 1-(oxiran-2-
yDethyl methacrylate, (oxiran-2-yl)methyl 3-methyl-2-methylenebutanoate, (oxiran-2-yl)methyl 2-
methylenepentanoate, (3-methyloxiran-2-yl)methyl acrylate, 2-(oxiran-2-yl)propan-2-yl acrylate,
(oxiran-2-yl)methyl 2-methylenehexanoate, (3-methyloxiran-2-ylymethyl methacrylate, and (3,3-

dimethyloxiran-2-yl)methyl acrylate and combinations thereof.

[00116] The method of Embodiment (ii) wherein the non-specific biomolecule adsorption
and/or binding resistant coating has decreased binding of biomolecules compared to a non-treated

substrate.

[00117] The method of Embodiment (ii), wherein the biomolecule is selected from the group
consisting of nucleotides, amino acids, sugars, fatty acids, nucleic acid molecules, polypeptides,
polynucleotides, polysaccharides, lipids, steroids, glycoproteins, lipoproteins, glycolipids, DNA,
DNA-protein conjugates, RNA, RNA-conjugates, antibodies, and receptors, receptor fusion
constructs, receptor fusion proteins, chimeric proteins, antibody fusion constructs, and antibody

fusion proteins.
The method of Embodiment (ii), wherein the substrate is a surface of a vessel.

[00118] The method of Embodiment (ii) wherein the vessels is selected from the group
consisting of a microplate; a centrifuge tube; a pipette tip; a cuvette, a microwell plate; an ELISA

plate; a microtiter plate; a 96-well plate; and a 384-well plate.

[00119] A vessel of Embodiment (ii) having an interior surface coated at least in part with a

non-specific biomolecule adsorption and/or binding resistant coating made by:
(a) providing a substrate in a reaction chamber;

(b) drawing a vacuum in the reaction chamber;
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(c) providing a gas comprising O, optionally containing argon, optionally containing nitrogen

in the vicinity of the substrate surface;

(d) generating a plasma from the gas, thus forming a prepared substrate surface, and

optionally heating the substrate;

(e) providing a vapor comprising at least one silyl amine coupling agent to provide an amine

modified substrate;

(f) providing a copolymer solution comprising a solvent, wherein the copolymer comprises at
least one copolymerizable zwitterionic monomer and at least one copolymerizable epoxy monomer,

optionally in the presence of a polymerization initiator;

(g) rcacting the copolymer with the amine modificd substratc and optionally hcating the

substrate;
(h) optionally waiting;

(i) removing the copolymer solution, and optionally drying the non-specific biomolecule

adsorption and/or non-spccific binding resistant coated surfacce, optionally heating the surface
thus forming a non-specific biomolecule adsorption and/or binding resistant coated vessel.

[00120] The vessel of Embodiment (ii) having an interior surface coated at least in part with

a non-specific biomolecule adsorption and/or binding resistant coating made by:
(a) providing a substrate in a that is a SiOx-coated glass surface reaction chamber;
(b) drawing a vacuum in the reaction chamber;

(c) providing a gas comprising O, optionally containing argon, optionally containing nitrogen

in the vicinity of the substrate surface;

(d) generating a plasma from the gas, thus forming a prepared substrate surface, and

optionally heating the substrate;

(e) providing a vapor comprising at least one silyl amine coupling agent to provide an amine

modified substrate;
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(f) providing a copolymer solution comprising a solvent, wherein the copolymer comprises at
least one copolymerizable zwitterionic monomer and at least one copolymerizable epoxy monomer,

optionally in the presence of a polymerization initiator;

(g) reacting the copolymer with the amine modified substrate and optionally heating the

substrate;

(h) optionally waiting;

(i) removing the copolymer solution, and optionally drying the non-specific biomolecule
adsorption and/or non-specific binding resistant coated surface, optionally heating the surface,

thus forming a non-specific biomolecule adsorption and/or binding resistant coated vessel.

[00121] The vessel of Embodiment (ii), wherein the at least one silyl amine coupling agent is
selected from the group consisting of 3-Aminopropyltriethoxysilane, 3-

Aminopropyltrimcthoxysilanc, 4-Aminobutyltricthoxysilanc, M- Aminophcnyltrimethoxysilanc, P-

Aminophenyltrimethoxysilane, O-Aminophenyltrimethoxysilane, 3-
Aminopropyltris(Methoxyethoxyethoxy)Silane, 11-Aminoundecyltriethoxysilane, 3-(M-
Aminophenoxy)Propyltrimethoxysilane, Aminopropylsilanetriol, 3-
Aminopropylmethyldiethoxysilane, 3-Aminopropyldiisopropylethoxysilane, 3-

Aminopropyldimethylethoxysilane, N-(2-Aminoethyl)-3-Aminopropyltrimethoxysilane, N-[3-
(Trimethoxysilyl)Propyl]Ethylenediamine, N-(2-Aminoethyl)-3-Aminopropyltriethoxysilane,
N-(6-Aminohexyl) Aminomethyltriethoxysilane, N-(6-Aminohexyl)Aminopropyltrimethoxysilane,
N-(2-Aminoethyl)-11-Aminoundecyltrimethoxysilane,

(Aminoethylaminomethyl)Phenethyltrimethoxysilane, N-3-[(Amino(Polypropylenoxy)],
Aminopropyltrimethoxysilane, N-(2-Aminoethyl)-3-Aminopropylsilanetriol, N-(2- Aminoethyl)-3-
Aminopropylmethyldimethoxysilane, N-(2-Aminoethyl)-3- Aminoisobutylmethyldimethoxysilane,
(Aminocthylamino)-3-Isobutyldimcthylmcthoxysilanc, (3-Trimethoxysilylpropyl)
Diethylenetriamine, N-Butylaminopropyltrimethoxysilane, N-Ethylaminoisobutyltrimethoxysilane,
N-Methylaminopropyltrimethoxysilane, N-Phenylaminopropyltrimethoxysilane, 3-(N-

Allylamino)Propyltrimethoxysilane, (Cyclohexylaminomethyl)Triethoxysilane, N-
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Cyclohexylaminopropyltrimethoxysilane, N-Ethylaminoisobutylmethyldiethoxysilane,
(Phenylaminomethyl)Methyldimethoxysilane, N-Phenylaminomethyltriethoxysilane,  N-
Methylaminopropylmethyldimethoxysilane, Bis(2-Hydroxyethyl)-3-Aminopropyltriethoxysilane, 3-
(N-Styrylmethyl-2- Aminoethylamino)- Propyltrimethoxysilane Hydrochloride, (2-N-
Benzylaminoethyl)-3-Aminopropyl-Trimethoxysilane, Bis(Triethoxysilylpropyl)Amine,
Bis(Trimethoxysilylpropyl)Amine, Bis[(3-Trimethoxysilyl)Propyl]- Ethylenediamine, Bis [(3-
Trimethoxysilyl) Propyl] - Ethylenediamine, Bis(Methyldiethoxysilylpropyl)Amine, N-Allyl-Aza-
2,2-Dimethoxysila- Cyclopentane, N-Aminoethyl-Aza-2,2.4-Trimethyl-Silacyclopentane, N-(3-
Aminopropyldimethylsila)Aza-2,2-Dimethyl-2-Silacyclopentane, N-N-Butyl-Aza-2,2-
Dimethoxysila- Cyclopentane, 2,2-Dimethoxy-1,6-Diaza-2-Silacyclo-Octane, N-Methyl-Aza-2,2,4-
Trimethylsila-Cylcopentane, 1-(N-(N',N'-dimethylaminoethyl))-1-aza-2,2.,4-trimethyl-2-

silacyclopentane and combinations thereof.

[00122] The vessel of Embodiment (ii), wherein the at least one copolymerizable zwitterionic
monomer is selected from the group consisting of 2-(meth)acryloyloxyethyl-2'-
(trimethylammonio)ethyl phosphate (including MPC), 2-(methacryloxy)ethyl 2-
(diimethylammonio)ethyl phosphate (aka = 2-methacryloyloxyethyl phosphorylcholine; 2-
(methacryloxy)ethyl-2-(dimethylammonio) ethylcarboxylate; 2-(methacryloxy)ethyl-2-
(dimethylammonio)propylsulfonate; 2-(methyacrylamido)ethyl-2-
(dimethylammonio)propylsulfonate; phosphoric acid 2-(methacryloyloxy)ethyl 2-
(trimethylammonio) ethyl ester); 3-(meth)acryloyloxypropyl-2'-(trimethylammonio)ethyl phosphate,
4-(meth)acryloyloxybutyl-2'-(trimethylammonio)ethyl phosphate 5-(meth)acryloyloxypentyl-2'-
(trimethylammonio)ethyl  phosphate,  6-(meth)acryloyloxyhexyl-2'-(trimethylammonio)ethyl
phosphate, 2-(meth)acryloyloxyethyl-2'-(trimethylammonio)ethyl phosphate, 2-
{(meth)acryloyloxyethyl-2'-(tripropylammonio)ethyl ~ phosphate, 2-(meth)acryloyloxyethyl-2'-
(tributylammonio)ethyl ~ phosphate, 2-(meth)acryloyloxypropyl-2'-(trimethylammonio)ethyl
phosphate, 2-(meth)acryloyloxybutyl-2'-(trimethylammonio)ethyl phosphate, 2-
(meth)acryloyloxypentyl-2'-(trimethylammonio)ethyl phosphate, 2-(meth)acryloyloxyhexyl-2'-
(trimethylammonio)ethyl phosphate, 2-(meth)acryloyloxyethyl-3'-(trimethylammonio)propyl
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phosphate, 3-(meth)acryloyloxypropyl-3'-(trimethylammonio)propyl phosphate, 4-
(meth)acryloyloxybutyl-3'-(trimethylammonio)propyl phosphate, 5-(meth)acryloyloxypentyl-3'-
(trimethylammonio)propyl phosphate, 6-(meth)acryloyloxyhexyl-3'-(trimethylammonio)propyl
phosphate, 2-(meth)acryloyloxyethyl-4'-(trimethylammonio)butyl phosphate, 3-
(meth)acryloyloxypropyl-4'-(trimethylammonio)butyl phosphate, 4-(meth)acryloyloxybutyl-4'-
(trimethylammonio)butyl phosphate, 5-(meth)acryloyloxypentyl-4'-(trimethylammonio)butyl
phosphate, 6-(meth)acryloyloxyhexyl-4'-(trimethylammonio)butyl phosphate, 2-(vinyloxy)ethyl-2'-
(trimethylammonio)ethyl phosphate, 2-(allyloxy)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-(p-
vinylbenzyloxy)ethyl-2'-(trimethylammonio)ethyl  phosphate, 2-(p-vinylbenzoyloxy)ethyl-2'-
(trimethylammonio)ethyl phosphate, 2-(styryloxy)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-(p-
vinylbenzyl)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-(vinyloxycarbonyl)ethyl-2'-
(trimethylammonio)ethyl  phosphate,  2-(allyloxycarbonyl)ethyl-2'-(trimethylammonio)ethyl
phosphate, 2-(acryloylamino)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-
(vinylcarbonylamino)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-(allyloxycarbonylamino)ethyl-
2'-(trimethylammonio)ethyl phosphate, 2-(butyroyloxy)ethyl-2'-(trimethylammonio)ethyl phosphate,

2-(crotonoyloxy)ethyl-2'-(trimethylammonio)ethyl phosphate, ethyl- 2'-
trimethylammonioethylphosphorylethyl) fumarate, butyl - (2-
trimethylammonioethylphosphorylethyl) fumarate, hydroxyethyl-(2'-
trimethylammonioethylphosphorylethyl)fumarate, 2-hydroxyethyl(meth)acrylate, 2-

hydroxypropyl(meth)acrylate; polyalkylene glycol(meth)acrylate monomers diethylene glycol
mono(meth)acrylate, polyethylene glycol —mono(meth)acrylate, polypropylene glycol
mono(meth)acrylate, methoxydiethylene glycol(meth)acrylate, methoxypolyethylene
glycol(meth)acrylate, methoxypolypropylene glycol(meth)acrylate; w-carboxy(meth)acrylates,
phthalic acid monohydroxyethyl(meth)acrylate, hexahydrophthalic acid
monohydroxyethyl(meth)acrylate, ®-carboxy-polycaprolactone (n=2 to 5) mono(meth)acrylate,
{(meth)acryloyloxyethyl succinate; N-vinyl-2-pyrrolidone, vinylpyridine, (meth)acrylamide,
(meth)acrylic acid, 2-acrylamide-2-methylpropanesulfonic acid, dimethylaminoethyl(meth)acrylate,

diethylaminoethyl(meth)acrylate, maleic anhydride, and glyco-2-hydroxyethyl monomethacrylate
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(GEMA), B-carboxycthyl-3,3-dimcthyammoniumethylmethacylate  and  sulfopropyl-3,3-

dimethyammoniumethylmethacylate, and combinations thereof.

[00123] The vessel of Embodiment (ii), wherein the at least one copolymerizable epoxy
monomer is selected from the group consisting of glycidyl acrylate, glycidyl methacrylate (GMA),
(E)-(oxiran-2-yl)methyl but-2-enoate, (3,3-dimethyloxiran-2-yl)methyl methacrylate, (E)-(oxiran-2-
yl)methyl cinnamate, (oxiran-2-yl)methyl 2-methylenebutanoate, 1-(oxiran-2-yl)propyl acrylate, 1-
(oxiran-2-yl)ethyl methacrylate, (oxiran-2-yl)methyl 3-methyl-2-methylenebutanoate, (oxiran-2-
yl)methyl 2-methylenepentanoate, (3-methyloxiran-2-yl)methyl acrylate, 2-(oxiran-2-yl)propan-2-yl
acrylate, (oxiran-2-yl)methyl 2-methylenehexanoate, (3-methyloxiran-2-yl)methyl methacrylate, and

(3,3-dimethyloxiran-2-yl)methyl acrylate and combinations thereof.

[00124] The vessel of Embodiment (ii), wherein the non-specific biomolecule adsorption
and/or binding resistant coating has decreased binding of biomolecules compared to a non-treated

substrate.

[00125] The vessel of Embodiment (ii), wherein the biomolecule is selected from the group
consisting of nucleotides, amino acids, sugars, fatty acids, nucleic acid molecules, polypeptides,
polynucleotides, polysaccharides, lipids, steroids, glycoproteins, lipoproteins, glycolipids, DNA,
DNA-protein conjugates, RNA, RNA-conjugates, antibodies, and receptors, receptor fusion
constructs, receptor fusion proteins, chimeric proteins, antibody fusion constructs, and antibody

fusion proteins.

[00126] The vessel of Embodiment (ii), wherein the vessel is selected from the group
consisting of a microplate; a centrifuge tube; a pipette tip; a cuvette, a microwell plate; an ELISA
plate; a microtiter plate; a 96-well plate; and a 384-well plate; a 1536-well plate; a round bottom

flask; and an Erlenmeyer flask.

BRIEF DESCRIPTION OF THE DRAWINGS

[00127] The technology will be described in conjunction with the following drawings in

which like reference numerals designate like elements and in which:
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[00128] Fig.1 illustrates generically described remote conversion plasma treatment apparatus

useful in the first embodiment, certain features of which are optional.

[00129] Fig. 2 illustrates an exemplary plasma reactor configuration for carrying out remote

conversion plasma treatment of microplates according to the first more detailed embodiment.

[00130] Fig. 3 is a bar graph illustrating comparative biomolecule recovery results between
unconditioned and unconverted polypropylene microplates, Eppendorf LoBind® brand microplates
and microplates treated with an exemplary remote conversion plasma treatment process according to

the first more detailed embodiment.

[00131] Fig. 4 is a bar graph illustrating comparative biomolecule recovery results between
microplates treated with an exemplary remote conversion plasma treatment process according to the
first more detailed embodiment and microplates treated with the same process steps and conditions

except using direct conversion plasma treatment instead of remote conversion plasma treatment.

[00132] Fig. 5 is a bar graph illustrating comparative biomolecule recovery results between
microplates trcated with an cxemplary remotc conversion plasma treatment process according to the
first more detailed embodiment and microplates treated with only the non-polymerizing compound

step and without the second step.

[00133] Fig. 6 illustrates an exemplary radio-frequency-excited plasma reactor configuration
according to Fig. 1 for carrying out remote conversion plasma treatment of microplates according to

the first more detailed embodiment.

[00134] Fig. 7 illustrates another exemplary plasma reactor configuration according to Fig. 1
for carrying out remote conversion plasma treatment of microplates according to the first more

dctailed cmbodiment.

[00135] Fig. 8 is an exemplary microwave-excited plasma reactor configuration according to
Fig. 1 for carrying out rcmote conversion plasma trcatment of microplates according to the first morc

detailed embodiment.
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[00136] Fig. 91s a plot of biomolecule (TFN) recovery from unconditioned and unconverted
polypropylene beakers, treated polypropylene beakers according to the first more detailed

embodiment, and glass beakers.

[00137] Fig. 10 shows an exemplary reactor configuration for carrying out either the first
embodiment or the second embodiment of the present process. Another suitable reactor configuration

is that of Figure 2 as shown and described in U.S. Pat. No. 7,985,188, incorporated here by reference.

[00138] Fig. 11 is a plot of protein recovery versus concentration of protein (BSA) for
Example 6.

[00139] Fig. 12 is a plot of protein recovery versus concentration of protein (PrA) for
Example 6.

[00140] Fig. 13 is a plot of protein recovery versus concentration of protein (PrG) for
Example 6.

[00141] FIG. 14 is a plot of protein recovery versus concentration of protein (BSA) for
Example 14.

[00142] FIG. 15 is a plot of protein recovery versus concentration of protein (PrA) for
Example 14.

[00143] FIG. 16 is a plot of protein recovery versus concentration of protein (PrG) for
Example 14.

[00144] FIG. 17 is a GC-MS (gas chromatography — mass spectroscopy) plot characterizing

extracted organic species from low protein binding treated microplates according to Example 15,

showing peak assignments.

[00145] FIG. 18 is a plot similar to FIG. 17 for an isopropanol blank according to Example
15.
[00146] FIG. 19 1s a plot similar to FIG. 17 from Example 15 without peak assignments, [or

comparison with FIG. 18.
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[00147] FIG. 20 is a comparison from Example 16 of the LC-MS isopropanol extracted ion
chromatogram (positive APCl mode) of the S102 low protein binding treated plates (lower plot) vs

that of the isopropanol blank (upper plot).

[00148] FIG. 21 is a comparison from Example 16 of the LC-MS isopropanol extracted ion
chromatogram (positive APCI mode) of the SiO2 unconditioned and unconverted plates (lower plot)
vs that of the isopropanol blank (upper plot), showing the presence of a polypropylene component in

the unconditioned and unconverted plate extract.

[00149] FIG. 22 is a comparison from Example 16 of the LC-MS isopropanol extracted ion
chromatogram (negative APCI mode) of the SiO2 low protein binding treated plates (lower plot) vs

that of the isopropanol blank (upper plot).

[00150] FIG. 23 is an illustration, with reference to all embodiments, of a substrate 162

having a contact surface 164 and an interior portion 166.

[00151] The following reference characters are used in this description and the accompanying
Figurcs:
9 Apparatus of the first more detailed | 34 Unconditioned and  unconverted
embodiment polypropylene plot
10 Treatment volume 36 Treated polypropylene plot
11 Reaction chamber wall (optional) 38 Glass plot
12 Fluid source 110 Chamber
13 Fluid inlet 112 Bottom (of 110)
14 Substratc 114 Lid (of 110)
15 Plasma zone 116 Vacuum conduit
16 Shield (optional) 118 Vacuum pump
17 Treatment gas 120 Valve
18 Plasma energy source 122 Gas inlet
19 Lid (optional) 124 Processing area
20 Plasma (boundary) 126 Gas system
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21 Substrate support (optional) 128 Mass flow controller
22 Vacuum source (optional) 130 Compressed gas source
23 Applicator 132 Capillary

24 Remote conversion plasma 134 Manifold

26 Flat spot (of 20) (optional) 136 Shut-off valve

28 Front surface (of 14) 138 Electrode

30 Back surface (of 14) 140 Matching network

32 Well (of 14) (optional) 142 RF power supply

144 Coaxial cable 158 FIG. 16 — PrG-Si02 Plot
150 FIG. 14 — BSA-EPP Plot 160 FIG. 16 — PrG-EPP Plot
152 FIG. 14 — BSA- SiO2 Plot 162 Substrate

154 FIG. 15 — PrA-Si102 Plot 164 Contact surface

156 FIG. 15 — PrA-EPP Plot 166 Interior portion

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[00152] In this specification, methods are disclosed for reducing biomolecule adhesion to a
surface. A method for treating a surface, optionally an entire or partial surface of a substrate or a
surface of a material, is provided, most generally comprising treating the surface with conversion

plasma of one or more non-polymerizing compounds to form a treated contact surface.

[00153] The terms “contact surface’ and “surface” mean the same thing unless otherwise
expressly stated or indicated by the context in which it is used, and each term indicates a surface that
is in a position to come in contact with a sample or other material, and has surface properties
determining its interaction with the sample or other material with which it comes into contact. Some
examples of contact surfaces are an interior surface of a vessel (for example, bounding a vessel

lumen) or an exterior surface of a vessel, sheet, block, or other object.

[00154] The term “interior portion™ indicates a portion of a bulk article or coating that is not

a contact surfacc, but instcad forms part of the intcrior of the bulk article or coating. In embodiments
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in which a contact surface of a substrate is treated to modify its properties, the interior portion of the

substrate includes any portion that is not modified by the treatment.

[00155] The term “biomolecule” is used respecting any embodiment to include any
nucleotides or peptides, or any combination of them. Nucleotides include oligonucleotides and
polynucleotides, also known as nucleic acids, for example deoxyribonucleic acid (DNA) and
ribonucleic acid (RNA). Peptides include amino acids, oligopeptides, polypeptides, and proteins.
Nucleotides and peptides further include modified or derivatized nucleotides and peptides that

adhere to a surface that is not treated according to the present technology.

[00156] The presently defined biomolecules include but are not limited to one or more of the
following aqueous proteins: mammal serum albumin, for example Bovine Serum Albumin (BSA);
Fibrinogen (FBG); Transferrin (TFN), for example blood serotransferrin (or siderophilin, also known
as transferrin); lactotransferrin (lactoferrin); milk transferrin; egg white ovotransferrin (conalbuminy;
membrane-associated melanotransferrin; Protein A (PrA); Protein G (PrG); Protein A/G; Protein L;
insulin, for example hexameric insulin, monomeric insulin, porcine insulin, human insulin,
recombinant insulin and pharmaceutical grades of insulin; pharmaceutical protein; blood or blood
component proteins; or any recombinant form, modification, full length precursor, signal peptide,

pro-peptide, or mature variant of these proteins; and a combination of two or more of these.

[00157] Biomolecule adhesion to a surface is defined for any embodiment as a reduction of
the aqueous concentration of a biomolecule dispersed in an aqueous medium stored in contact with
the surface. It 1s not limited by the mechanism of reduction of concentration, whether literally

“adhesion,” adsorption, or another mechanism.

[00158] “Plasma,” as referenced in any embodiment, has its conventional meaning in physics
of one of the four fundamental states of matter, characterized by extensive ionization of its
constituent particles, a generally gaseous form, and incandescence (i.e. it produces a glow discharge,

meaning that it emits light).

[00159] “Conversion plasma treatment” refers to any plasma treatment that reduces the

adhesion of one or more biomolecules to a treated contact surface.
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[00160] “Conditioning plasma treatment” refers to any plasma treatment of a surface to
prepare the surface for further conversion plasma treatment. “Conditioning plasma treatment”
includes a plasma treatment that, in itself, reduces the adhesion of one or more biomolecules to a
treated contact surface, but is followed by conversion plasma treatment that further reduces the
adhesion of one or more biomolecules to a treated contact surface. “Conditioning plasma treatment”
also includes a plasma treatment that, in itself, does not reduce the adhesion of one or more

biomolecules to a treated contact surface.

[00161] A “remote” conversion plasma treatment, generally speaking, is conversion plasma
treatment of a surface located at a “remote’ point where the radiant energy density of the plasma, for
example in Joules per cm3, is substantially less than the maximum radiant energy density at any
point of the plasma glow discharge (referred to below as the “brightest point™), but the remote
surface is close enough to some part of the glow discharge to reduce the adhesion of one or more
biomolecules to the treated remote surface. “Remote” is defined in the same manner respecting a
remote conditioning plasma treatment, except that the remote surface must be close enough to some

part of the glow discharge to condition the surface.

[00162] The radiant energy density at the brightest point of the plasma is determined
spectrophotometrically by measuring the radiant intensity of the most intense emission line of light
in the visible spectrum (380 nanometer (nm) to 750 nm wavelength) at the brightest point. The
radiant energy density at the remote point is determined spectrophotometrically by measuring the
radiant energy density of the same emission line of light at the remote point. “Remoteness” of a point
is quantified by measuring the ratio of the radiant energy density at the remote point to the radiant
energy density at the brightest point. The present specification defines “remote” quantitatively as a
specific range of that ratio. Broadly, the ratio is from 0 to 0.5, optionally from O to 0.25, optionally
about O, optionally exactly 0. Remote conversion plasma treatment can be carried out where the ratio
is zero, even though that indicates no measurable visible light at the remote point, because the dark
discharge region or afterglow region of plasma contains energetic species that, although not energetic
enough to emit light, are energetic enough to modify the treated contact surface to reduce the

adhesion of one or more biomolecules.
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[00163] A “non-polymerizing compound” is defined operationally for all embodiments as a
compound that does not polymerize on a treated contact surface or otherwise form an additive
coating under the conditions used in a particular plasma treatment of the surface. Numerous, non-
limiting examples of compounds that can be used under non-polymerizing conditions are the
following: O2, N2, air, O3, N20, H2, H202, NH3, Ar, He, Ne, and combinations of any of two or
more of the foregoing. These may also include alcohols, organic acids, and polar organic solvents as
well as materials that can be polymerized under different plasma conditions from those employed.
“Non-polymerizing” includes compounds that react with and bond to a preexisting polymeric surface
and locally modify its composition at the surface. The essential characterizing feature of a non-
polymerizing coating is that it does not build up thickness (i.e. build up an additive coating) as the

treatment time 1is increased.
[00164] A “‘substrate” is an article or other solid form (such as a granule, bead, or particle).

[00165] A “surface” is broadly defined as either an original surface (a “surface” also includes
a portion of a surface wherever used in this specification) of a substrate, or a coated or treated contact
surface prepared by any suitable coating or treating method, such as liquid application, condensation
from a gas, or chemical vapor deposition, including plasma enhanced chemical vapor deposition

carried out under conditions effective to form a coating on the substrate.

[00166] A treated contact surface is defined for all embodiments as a surface that has been
plasma treated as described in this specification, and that exhibits reduced adhesion by biomolecules

as a result of such treatment.

[00167] The terms “optionally” and *“‘alternatively” are regarded as having the same meaning

in the present specification and claims, and may be used interchangeably.

[00168] The “material” in any embodiment can be any material of which a substrate is
formed, including but not limited to a thermoplastic material, optionally a thermoplastic injcction
moldable material. The substrate according to any embodiment may be made, for example, from
material including, but not limited to: an olefin polymer; polypropylene (PP); polyethylene (PE);

cyclic olefin copolymer (COC); cyclic olefin polymer (COP); polymethylpentene; polyester;
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polyethylene terephthalate; polyethylene naphthalate; polybutylene terephthalate (PBT); PVdC
(polyvinylidene chloride); polyvinyl chloride (PVC); polycarbonate; polymethylmethacrylate;
polylactic acid; polylactic acid; polystyrene; hydrogenated polystyrene; poly(cyclohexylethylene)
(PCHE); epoxy resin; nylon; polyurethane polyacrylonitrile; polyacrylonitrile (PAN); an ionomeric

resin; or Surlyn® ionomeric resin.

[00169] The term “vessel” as used throughout this specification may be any type of article
that is adapted to contain or convey a liquid, a gas, a solid, or any two or more of these. One example
of a vessel is an article with at least one opening (e.g., one, two or more, depending on the

application) and a wall defining an interior contacting surface.

[00170] The present method for treating a surface, optionally a surface of a substrate,
includes treating the surface with conversion plasma of one or more non-polymerizing compounds,

in a chamber, to form a treated contact surface.

[00171] A wide variety of different surfaces can be treated according to any embodiment.
One example of a surface is a vessel lumen surface, where the vessel is, for example, a vial, a bottle,
a jar, a syringe, a cartridge, a blister package, or an ampoule. For more examples, the surface of the
matcrial can be a contact surface of an article of labware, for cxample a microplate, a centrifuge tube,
a pipette tip, a well plate, a microwell plate, an ELISA plate, a microtiter plate, a 96-well plate, a
384-well plate, a centrifuge tube, a chromatography vial, an evacuated blood collection tube, or a

specimen tube.

[00172] The treated contact surface of any embodiment optionally can be a coating or layer of
PECVD deposited SiOCyH; or SiNyCyH,, in which x is from about 0.5 to about 2.4 as measured by
X-ray photoelectron spectroscopy (XPS), y is from about 0.6 to about 3 as measured by XPS, and z
is from about 2 to about 9 as measured by Rutherford backscattering spectrometry (RBS). Another
example of the surface to be treated is a barrier coating or layer of SiOy, in which x is from about 1.5
to about 2.9 as measured by XPS, optionally an oxide or nitride of an organometallic precursor that
is a compound of a metal element from Group 1l and/or Group 1V of the Periodic Table, e.g. in

Group III: Boron, Aluminum, Gallium, Indium, Thallium, Scandium, Yttrium, or Lanthanum,
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(Aluminum and Boron being preferred), and in Group I'V: Silicon, Germanium, Tin, Lead, Titanium,

Zirconium, Hatnium, or Thorium (Silicon and Tin being preferred).

[00173] The gas or gases employed to treat the surface in any embodiment can be an inert gas
or areactive gas, and can be any of the following: O, N», air, O3, N2O, NO3, N2O4, Ha, H,0,, H20,
NH;, Ar, He, Ne, Xe, Kr, a nitrogen-containing gas, other non-polymerizing gases, gas combinations
including an Ar/O, mix, an N»/O, mix following a pre-treatment conditioning step with Ar, a volatile
and polar organic compound, the combination of a C;-C;; hydrocarbon and oxygen; the combination
of a C{-Cj; hydrocarbon and nitrogen; a silicon-containing gas; or a combination of two or more of

these. The treatment employs a non-polymerizing gas as defined in this specification.

[00174] The volatile and polar organic compound of any embodiment can be, for example
water, for example tap water, distilled water, or deionized water; an alcohol, for example a C;-C);
alcohol, methanol, ethanol, n-propanol, isopropanol, n-butanol, isobutanol, s-butanol, t-butanol; a
glycol, for example ethylene glycol, propylene glycol, butylene glycol, polyethylene glycol, and
others; glycerine, a C;-C; linear or cyclic ether, for example dimethyl ether, diethyl ether, dipropyl
ether, dibutyl ether, glyme (CH3OCH>CH,OCH3); cyclic ethers of formula -CH,CH,O,- such as
diethylene oxide, triethylene oxide, and tetracthylene oxide; cyclic amines; cyclic esters (lactones),
for example acetolactone, propiolactone, butyrolactone, valerolactone, and caprolactone; a Ci-Cj»
aldehyde, for example formaldehyde, acetaldehyde, propionaldehyde, or butyraldehyde; a C-Cj»
ketone, for example acetone, diethylketone, dipropylketone, or dibutylketone; a C-C, carboxylic
acid, for example formic acid, acetic acid, propionic acid, or butyric acid; ammonia, a C,-C;; amine,
for example methylamine, dimethylamine, ethylamine, diethylamine, propylamine, butylamine,
pentylamine, hexylamine, heptylamine, octylamine, nonylamine, decylamine, undecylamine, or
dodecylamine; hydrogen fluoride, hydrogen chloride, a C;-C;; epoxide, for example ethylene oxide

or propylene oxide; or a combination of any two or more of these.

[00175] The C;-Ci; hydrocarbon of any embodiment optionally can be methane, ethane,
ethylene, acetylene, n-propane, i-propane, propene, propyne; n-butane, i-butane, t-butane, butane, 1-

butyne, 2-butyne, or a combination of any two or more of these.
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[00176] The silicon-containing gas of any embodiment can be a silane, an organosilicon
precursor, or acombination of any two or more of these. The silicon-containing gas can be an acyclic
or cyclic, substituted or unsubstituted silane, optionally comprising, consisting essentially of, or
consisting of any one or more of: Si;—Si4 substituted or unsubstituted silanes, for example silane,
disilane, trisilane, or tetrasilane; hydrocarbon or halogen substituted Si;—Si, silanes, for example
tetramethylsilane (TetraMS), tetracthyl silane, tetrapropylsilane, tetrabutylsilane, trimethylsilane
(TriMS), triethyl silane, tripropylsilane, tributylsilane, trimethoxysilane, a fluorinated silane such as
hexafluorodisilane, a cyclic silane such as octamethylcyclotetrasilane or tetramethylcyclotetrasilane,
or a combination of any two or more of these. The silicon-containing gas can be a linear siloxane, a
monocyclic siloxane, a polycyclic siloxane, a polysilsesquioxane, an alkyl trimethoxysilane, a linear
silazane, a monocyclic silazane, a polycyclic silazane, a polysilsesquiazane, or a combination of any
two or more of these, for example hexamethyldisiloxane (HMDSO), tetramethyldisiloxane
(TMDSO), octamethylcyclotetrasiloxane (OMCTS), tetramethyldisilazane, hexamethyldisilazane,
octamethyltrisilazane, octamethylcyclotetrasilazane, tetramethylcyclotetrasilazane, or a combination

of any two or more of these.

[00177] The electrical power used to excite the plasma used in plasma treatment in any
embodiment, can be, [or example, from 1 to 1000 Walls, optionally [rom 100 to 900 Walts,
optionally from 50 to 600 Waltts, optionally 100 to 500 Watts, optionally from 500 to 700 Watts,
optionally from 1 to 100 Watts, optionally from 1 to 30 Watts, optionally from 1 to 10 Watts,
optionally from 1 to 5 Watts.

[00178] The frequency or type of energy of the electrical power used to excite the plasma
used in plasma treatment, in any embodiment, can be any type of energy that will ignite plasma in the
plasma zone. For example, it can be direct current (DC) or alternating current (electromagnetic
energy) having a frequency from 3 Hz to 300GHz. Electromagnetic energy in this range generally
includes radio frequency (RF) energy and microwave energy, more particularly characterized as
extremely low frequency (ELF) of 3 to 30 Hz, super low frequency (SLF) of 30 to 300 Hz, voice or
ultra-low frequency (VF or ULF) of 300 Hz to 3kHz, very low frequency (VLF) of 3 to 30 kHz, low
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frequency (LF) of 30 to 300 kHz, medium frequency (MF) of 300 kHz to 3 MHz, high frequency
(HF) of 3 to 30 MHz, very high frequency (VHF) of 30 to 300 MHz, ultra-high frequency (UHF) of
300 MHz to 3 GHz, super high frequency (SHF) of 3 to 30 GHz, extremely high frequency (EHF) of
30 to 300 GHz, or any combination of two or more of these frequencies. For example, high
frequency energy, commonly 13.56 MHz, is useful RF energy, and ultra-high frequency energy,
commonly 2.54 GHz, is useful microwave energy, as two non-limiting examples of commonly used

frequencies.

[00179] The plasma exciting energy, in any embodiment, can either be continuous during a
treatment step or pulsed multiple times during the treatment step. If pulsed, it can alternately pulse on
for times ranging from one millisecond to one second, and then off for times ranging from one
millisecond to one second, in a regular or varying sequence during plasma treatment. One complete
duty cycle (one *“on” period plus one “off” period) can be 1 to 2000 milliseconds (ms), optionally 1
to 1000 milliseconds (ms), optionally 2 to 500 ms, optionally 5 to 100 ms, optionally 10 to 100 ms
long.

[00180] Optionally in any embodiment, the relation between the power on and power off
portions of the duty cycle can be, for example, power on 1-90 percent of the time, optionally on 1-80
percent of the time, optionally on 1-70 percent of the time, optionally on 1-60 percent of the time,
optionally on 1-50 percent of the time, optionally on 1-45 percent of the time, optionally on 1-40
percent of the time, optionally on 1-35 percent of the time, optionally on 1-30 percent of the time,
optionally on 1-25 percent of the time, optionally on 1-20 percent of the time, optionally on 1-15
percent of the time, optionally on 1-10 percent of the time, optionally on 1-5 percent of the time, and

power off for the remaining time of each duty cycle.

[00181] The plasma pulsing described in Mark J. Kushner, Pulsed Plasma- Pulsed Injection
Sources For Remote Plasma Activated Chemical Vapor Deposition, ). APPL. PAYS. 73, 4098 (1993),

can optionally be used.

[00182] The flow rate of process gas during plasma treatment according to any embodiment
can be from 1 to 300 sccm (standard cubic centimeters per minute), optionally 1 to 200 sccm,

optionally from 1 to 100 sccm, optionally 1-50 sccm, optionally 5-50 sccm, optionally 1-10 sccm.
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[00183] Optionally in any embodiment, the plasma chamber is reduced to a base pressure
from 0.001 milliTorr (mTorr, 0.00013 Pascal) to 100 Torr (13,000 Pascal) before feeding gases.
Optionally the feed gas pressure in any embodiment can range from 0.001 to 10,000 mTorr (0.00013
to 1300 Pascal), optionally from 1 mTorr to 10 Torr (0.13 to 1300 Pascal), optionally from 0.001 to
5000 mTorr (0.00013 to 670 Pascal), optionally from 1 to 1000 milliTorr (0.13 to 130 Pascal).

[00184] The treatment volume in which the plasma is generated in any embodiment can be,
for example, from 100 mL to 50 liters, preferably 8 liters to 20 liters. Optionally, where the surface
to be treated is an interior surface of a vessel having a lumen volume smaller than 100 mL, the
treatment volume can be limited to the lumen volume or less. For example, vessels having a lumen
volume of 0.1 to 100 mL, alternatively 0.5 to 10 mL, are contemplated, with treatment volumes

accordingly.

[00185] The plasma treatment time in any embodiment can be, for example, from 1 to 300
seconds, optionally 3 to 300 sec., optionally 30 to 300 sec., optionally 150 to 250 sec., optionally 150
to 200 sec., optionally from 90 to 180 seconds.

[00186] The number of plasma treatment steps can vary, in any embodiment. For example
onc plasma trcatment can be uscd; optionally two or more plasma treatments can be uscd, cmploying

the same or different conditions.

[00187] In any embodiment, the plasma treatment apparatus employed can be any suitable
apparatus, for example that of Fig. 1, Fig. 7, Fig. 8, or Fig. 10 described in this specification, as
several examples. Plasma treatment apparatus of the type that employs the lumen of the vessel to be
treated as a vacuum chamber, shown for example in U.S. Patent 7,985,188, Fig. 2, can also be used

in any embodiment.

[00188] The plasma treatment process of any embodiment optionally can be combined with
trcatment using an ionized gas. The ionized gas can be, as somce cxamplcs, any of the gascs identificd
as suitable for plasma treatment. The ionized gas can be delivered in any suitable manner. For
example, it can be delivered from an ionizing blow-off gun or other ionized gas source. A convenient

gas delivery pressure is from 1-120 psi (pounds per square inch) (6 to 830 kPa, kiloPascals) (gauge
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or, optionally, absolute pressure), optionally 50 psi (350 kPa). The water content of the ionized gas
can be from 0 to 100%. The polar-treated contact surface with ionized gas can be carried out for any

suitable treatment time, for example from 1-300 seconds, optionally for 10 seconds.

Polymeric Substrate Composition

[00189] Optionally in any embodiment, the result of the foregoing treatment is a polymeric
substrate consisting essentially of a contact surface and an interior portion. Optionally in any
embodiment, the contact surface includes from 1 to 30 atomic %, optionally from 5 to 20 atomic %,
optionally from 5 to 10 atomic %, oxygen atoms; from O to 30 atomic %, optionally from 0 to 20
atomic %, optionally from O to 10 atomic %, nitrogen atoms; and from 80 to 99 atomic %, optionally
from 80 to 95 atomic %, optionally from 90 to 95 atomic %, carbon atoms; in which the atomic %

values are measured by x-ray photoelectron spectroscopy (XPS).

[00190] Optionally in any embodiment, oxygen and/or nitrogen atoms within the stated
proportions are grafted to the carbon atoms. Alternatively, the carbon, oxygen, and nitrogen atoms

can be deposited on a substrate to form a contact surface.

[00191] Optionally in any embodiment, the interior portion of the substrate comprises at least
80 atomic %, optionally at Icast 85 atomic %, optionally at lcast 90 atomic %, optionally at Icast 95
atomic %, optionally 100 atomic %, carbon atoms, and a larger atomic % of carbon atoms than the

contact surface.

[00192] Optionally in any embodiment, the contact surface comprises from 0.1 to 10 atomic
%, optionally from 0.1 to 5 atomic %, optionally from 1 to 5 atomic %, carbon atoms to which

oxygen is grafted.

[00193] Optionally in any embodiment, the contact surface comprises from 0.1 to 10 atomic
%, optionally from 0.1 to 5 atomic %, hydrogen bond acceptor groups. Examples of such hydrogen
bond acceptor groups include, without limitation, moictics sclected from -N+-, -N-, =0, -O-, -0O2, -

03, C=0, O-C=0, C-O-C, or
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=N,
bonded to carbon in each case, optionally selected from or any combination of two or more of these.

[00194] [0072]Optionally in any cmbodiment, the contact surfacec compriscs a carbon or
silicon compound modified with polar grafted species, optionally one or more of: C=0 (carbonyl),
C-O-C (ether), C-N-C (amine), C-N+-C (ammonium), CO2 (carboxyl), CO3, Si=0, Si-O-Si, Si-N-
Si, Si-N+-8Si, SiO2, SiO3,

Ce=N,
Si=mN

or a combination of two or more of these, as measured by x-ray photoelectron spectroscopy (XPS).

[00195] Optionally in any embodiment, the contact surface comprises thermoplastic material,
for example a thermoplastic resin, for example an injection-molded thermoplastic resin. Some non-
limiting examples of suitable resins include a hydrocarbon polymer, for example an olefin polymer,
polypropylene (PP), polyethylene (PE), cyclic olefin copolymer (COC), cyclic olefin polymer (COP),
polymethylpentene, polystyrene, hydrogenated polystyrene, polycyclohexylethylene (PCHE), or
combinations of two or more of these, or a heteroatom-substituted hydrocarbon polymer, for example
a polyester, polyethylene terephthalate, polyethylene naphthalate, polybutylene terephthalate (PBT),
polyvinylidene chloride (PVdC), polyvinyl chloride (PVC), polycarbonate, polylactic acid, epoxy
resin, nylon, polyurethane polyacrylonitrile, polyacrylonitrile (PAN), an ionomeric resin, Surlyn®

ionomeric resin, or any combination, composite or blend of any two or more of the above materials.

[00196] Optionally in any embodiment, the contact surface has a biomolecule recovery
percentage of at least 10%, optionally at least 20%, optionally at least 30%, optionally at least 40%,
optionally at least 45%, optionally at least 50%, optionally at least 55%, optionally at least 60%,
optionally at least 65%, optionally at least 70%, optionally at least 75%, optionally at least 80%,
optionally at least 85%, optionally at least 90% optionally at least 95%. Optionally in any
embodiment, the biomolecule recovery percentage is determined for at least one of: mammal serum
albumin; Bovine Serum Albumin (BSA); Fibrinogen (FBG); Transferrin (TFN); egg white
ovotransferrin (conalbumin); membrane-associated melanotransferrin; Protein A (PrA); Protein G
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(PrG); Protein A/G; Protein L; insulin; pharmaceutical protein; blood or blood component proteins;
and any recombinant form, modification, full length precursor, signal peptide, propeptide, or mature

variant of these proteins.

[00197] Optionally in any embodiment, for BSA having an atomic mass of 66,000 Daltons,
the biomolecule recovery percentage is at least 20%, optionally at least 30%, optionally at least 40%,
optionally at least 50%, optionally at least 60%, optionally at least 70%, optionally at least 80%,
optionally at least 90%, optionally at least 95%, optionally at least 99%, optionally from 10% to
90%, optionally from 20% to 90%, optionally from 30% to 90%, optionally from 40% to 90%,
optionally from 50% to 90%, optionally from 60% to 90%, optionally from 70% to 90%, optionally
from 80% to 90%.

[00198] Optionally in any embodiment, for FBG having an atomic mass of 340,000 Daltons,
the biomolecule recovery percentage is at least 10%, optionally at least 20%, optionally at least 30%,
optionally at least 40%, optionally at least 50%, optionally at least 60%, optionally at least 70%,
optionally at least 80%, optionally at least 90%, optionally at least 95%, optionally at least 99%,
optionally from 10% to 90%, optionally from 20% to 90%, optionally from 30% to 90%, optionally
from 40% to 90%, optionally from 50% to 90%, optionally from 60% to 90%, optionally from 70%
to 90%, optionally from 80% to 90%, optionally from 15% to 20%.

[00199] Optionally in any embodiment, for TFN having an atomic mass of 80,000 Daltons,
the biomolecule recovery percentage is at least 30%, optionally at least 20%, optionally at least 30%,
optionally at least 40%, optionally at least 50%, optionally at least 60%, optionally at least 70%,
optionally at least 80%, optionally at least 90%, optionally at least 95%, optionally at least 99%,
optionally from 10% to 90%, optionally from 20% to 90%, optionally from 30% to 90%, optionally
from 40% to 90%, optionally from 50% to 90%, optionally from 60% to 90%, optionally from 70%
to 90%, optionally from 80% to 90%, optionally from 30% to 50%.

[00200] Optionally in any embodiment, for PrA having an atomic mass of 45,000 Daltons,
the biomolecule recovery percentage is at least 10%, optionally at least 20%, optionally at least 30%,
optionally at least 40%, optionally at least 50%, optionally at least 60%, optionally at least 70%,

optionally at least 80%, optionally at least 90%, optionally at least 95%, optionally at least 99%,
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optionally from 10% to 90%, optionally from 20% to 90%., optionally from 30% to 90%, optionally
from 40% to 90%, optionally from 50% to 90%, optionally from 60% to 90%, optionally from 70%
to 90%, optionally from 80% to 90%, optionally from 10% to 90%.

[00201] Optionally in any embodiment, for PrG having an atomic mass of 20,000 Daltons,
the biomolecule recovery percentage is at least 10%, optionally at least 20%, optionally at least 30%,
optionally at least 40%, optionally at least 50%, optionally at least 60%, optionally at least 70%,
optionally at least 80%, optionally at least 90%, optionally at least 95%, optionally at least 99%,
optionally from 10% to 90%, optionally from 20% to 90%, optionally from 30% to 90%, optionally
from 40% to 90%, optionally from 50% to 90%, optionally from 60% to 90%, optionally from 70%
to 90%, optionally from 80% to 90%, optionally from 5% to 90%.

[00202] Optionally in any embodiment, the contact surface is a vessel lumen surface, for
example a fluid contact surface of an article of labware. Examples of suitable articles of labware
include a microplate, a centrifuge tube, a pipette tip, a well plate, a microwell plate, an ELISA plate,
a microtiter plate, a 96-well plate, a 384-well plate, a vial, a bottle, a jar, a syringe, a cartridge, a
blister package, an ampoule, an evacuated blood collection tube, a specimen tube, a centrifuge tube,

or a chromatography vial.

[00203] Optionally in any embodiment, the contact surface is in contact with an aqueous
protein.
[00204] Optionally in any embodiment, the contact surface has a contact angle with distilled

water of from 0° to 90°, optionally from 20° to 80°, optionally from 40° to 80°, optionally from 50° to
70°, optionally from 55° to 65°.

[00205] Optionally in any embodiment, the contact surface has an electrostatic charge build-
up on the converted and optionally conditioned contact surface of less than 5 kilovolts per cm (5

kV/cm), optionally less than 3 kV/cm, optionally lcss than 2 kV/cm, optionally lcss than 1 kV/cm.

[00206] Optionally in any embodiment, the contact surface is treated with conditioning
plasma, conversion plasma, or both of onc or more non-polymerizing compounds to form the

surface. Optionally in any embodiment, the non-polymerizing compound comprises, consists
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essentially of or consists of one or more members selected from the group consisting of: Oz, N», air,

O3, N»,O, H,, H-,0O, H,0O,, NH;3, Ar, He and Ne.

[00207] Optionally in any embodiment, the contact surface is a PECVD deposited coating
from 5 to 1000 nm thick. Optionally in any embodiment, the PECVD deposited coating is applied
using any one or combination of gas precursors including siloxane, organosiloxane, polyethylene
glycol (PEG); or monomer gas precursors including acetylene, methane, propane, butane, ethane,
and/or co-monomer gases including air, oxygen or water vapor. Optionally in any embodiment, the
PECVD deposited coating is an amorphous carbon coating further comprising oxygen and optionally
nitrogen heteroatoms.For example, the amorphous carbon coating can be applied using carbon-
containing monomer gas precursors, for example acetylene, ethylene methane, ethane, propane,
butane, or a combination of two or more of these, and a reactive gas including air, oxygen, water

vapor, or a combination of two or more of these.

Biomeolecule Contact and Recovery

[00208] After the plasma treatment(s) of any embodiment, the treated contact surface, for
example a vessel lumen surface, can be contacted with an aqueous protein or other biomolecule.
Some non-limiting examples of suitable proteins are the aqueous protein comprises: mammal serum
albumin, for example Bovine Serum Albumin (BSA); Fibrinogen (FBG); Transferrin (TFN), for
example blood serotransferrin (or siderophilin, also known as transferrin); lactotransferrin
(lactoferrin); milk transferrin; egg white ovotransferrin (conalbumin); and membrane-associated
melanotransferrin; Protein A (PrA); Protein G (PrG); Protein A/G; Protein L; Insulin, for example
hexameric insulin, monomeric insulin, porcine insulin, human insulin, recombinant insulin and
pharmaceutical grades of insulin; Pharmaceutical protein; blood or blood component proteins; or any
recombinant form, modification, full length precursor, signal peptide, propeptide, or mature variant

of these proteins; or a combination of two or more of these.

[00209] Optionally, the treated contact surface has a protein recovery percentage greater than

the protein recovery percentage of the unconditioned and unconverted surface for at least one of

Bovine Serum Albumin (BSA); Fibrinogen (FBG); Transferrin (TFN), for example blood
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serotransferrin (or siderophilin, also known as transferrin); lactotransferrin (lactoferrin); milk
transferrin; egg white ovotransferrin (conalbumin); and membrane-associated melanotransferrin;
Protein A (PrA); Protein G (PrG); Protein A/G; Protein L; Insulin, for example hexameric insulin,
monomeric insulin, porcine insulin, human insulin, recombinant insulin and pharmaceutical grades
of insulin; pharmaceutical protein; blood or blood component proteins; or any recombinant form,
modification, full length precursor, signal peptide, propeptide, or mature variant of these proteins or

peptides.

FIRST MORE DETAILED EMBODIMENT
[00210] A vessel having a substrate according to the first more detailed embodiment may be
made, for example, from any of the materials defined above. For applications in which clear and
glass-like polymers are desired (e.g., for syringes and vials), a cyclic olefin polymer (COP), cyclic
olefin copolymer (COC), polymethylmethacrylate, polyethylene terephthalate or polycarbonate may
be preferred. Also contemplated are linear polyolefins such as polypropylene and aromatic
polyolefins such as polystyrene. Such substrates may be manufactured, e.g., by injection molding or
injection stretch blow molding (which is also classified as injection molding in any embodiment of
this disclosure), to very tight and precise tolerances (generally much tighter than achievable with
glass). Plasma (reated glass substrates, [or example borosilicale glass substrates, are also

contemplated.

[00211] A vessel according to the first more detailed embodiment can be a container, for
example a sample tube or a cuvette for holding fluids, e.g., for holding biological materials or
biologically active compounds or compositions e.g. for collecting or storing biological fluids like
blood or urine, a syringe (or a part thereof, for example a syringe barrel) for storing or delivering a
biologically active compound or composition, e.g., a medicament or pharmaceutical composition, a
vial for storing biological materials or biologically active compounds or compositions, a pipe or
other conduit for transporting biological materials or biologically active compounds or compositions,
for example a catheter. Other non-limiting examples of contemplated vessels include well or non-
well slides or plates, for example titer plates or microtiter plates (also known as microplates). Other

examples of vessels include measuring and delivery devices such as pipettes, pipette tips, Erlenmeyer
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flasks, beakers, and graduated cylinders. The specific vessels described herein with respect to an
actual reduction to practice of a non-limiting embodiment are polypropylene 96-well microplates and
beakers. However, a skilled artisan would understand that the methods and equipment set-up
described herein can be modified and adapted, consistent with the present technology, to

accommodate and treat any type of surface or a vessel or other type of object.

[00212] The surface of the vessel of the first more detailed embodiment may be made from
the substrate material itself, e.g., any of the thermoplastic resins listed above. Optionally, the
substrate may be a bulk material or may be a pH protective coating or layer of PECVD deposited
SiOxCyHz or SiNxCyHz, in which x is from about 0.5 to about 2.4 as measured by X-ray
photoelectron spectroscopy (XPS), y is from about 0.6 to about 3 as measured by XPS, and z is from
about 2 to about 9 as measured by Rutherford backscattering spectrometry (RBS). Another example
of a substrate is a barrier coating or layer of PECVD deposited SiOx, in which x is from about 1.5 to
about 2.9 as measured by XPS, optionally an oxide or nitride of an organometallic precursor that is a
compound of a metal element from Group Il and/or Group IV of the Periodic Table, e.g. in Group
III: Boron, Aluminum, Gallium, Indium, Thallium, Scandium, Yttrium, or Lanthanum, (Aluminum
and Boron being preferred), and in Group 1V: Silicon, Germanium, Tin, Lead, Titanium, Zirconium,
Hafnium, or Thorium (Silicon and Tin being preferred). Methods and equipment [or depositing these
coatings or layers are described in detail in W0O2013/071138, published May 16, 2013, which is

incorporated herein by reference in its entirety.

[00213] Methods according to the first more detailed embodiment employ the use of remote
conversion plasma treatment. Unlike direct plasma processing, in the case of remote conversion
plasma, neither ions nor electrons of plasma contact the article surface in substantial amounts.
Neutral species, typically having lower energy, are present in the plasma afterglow, which are
sufficiently energetic to react with the article surface, without sputtering or other higher energy
chemical reactions induced by ions and electrons. The result of remote conversion plasmais a gentle

surface modification without the high energy effects of “direct’” plasmas.

[00214] Methods according to the first more detailed embodiment employ non-polymerizing
gases, such as 02, N2, air, O3, N20O, H2, H202, NH3, Ar, He, Ne, other non-polymerizing gases,
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and combinations of any of two or more of the foregoing. These may also include non-polymerizing
alcohols, non-polymerizing organic acids and non-polymerizing polar organic solvents. Experiments
have been carried out in which the conditioning step (non-polymerizing compound step) used Ar,
N2, Ar/O2 mix, or N2/02 mix and a pre-treatment conditioning step with Ar. These and other non-
polymerizing gases do not necessarily deposit a coating. Rather, they react with the surface to modify
the surface, e.g., to form a treated contact surface, in which the treated contact surface has a
biomolecule recovery percentage greater than the biomolecule recovery percentage of the
unconditioned and unconverted surface. For example, the surface reactions may result in new
chemical functional groups on the surface, including, but not limited to carbonyl, carboxyl, hydroxyl,
nitrile, amide, amine. It is contemplated that these polar chemical groups increase the surface energy
and hydrophilicity of otherwise hydrophobic polymers that an unconditioned and unconverted
surface may typically comprise. While hydrophobic surfaces are generally good binding surfaces for
biomolecules, hydrophilic surfaces, which attract water molecules, facilitate the blocking of
biomolecules binding to that surface. While the invention is not limited according to this theory of

operation, it is contemplated that this mechanism prevents biomolecule binding to surfaces.

[00215] Optionally, methods according to the first more detailed embodiment may be used to
reduce the propensitly of a substrate surface to cause biomolecules to adhere thereto. Preferably, the
methods will reduce biomolecule adhesion across a wide spectrum of biomolecules, including but
not limited to one or more of the following aqueous proteins: mammal serum albumin, for example
Bovine Serum Albumin (BSA); Fibrinogen (FBG); Transferrin (TFN), for example blood
serotransferrin (or siderophilin, also known as (ransferrin); lactotransflerrin (lactoferrin); milk
transferrin; egg white ovotransferrin (conalbumin); and membrane-associated melanotransferrin;
Protein A (PrA); Protein G (PrG); Protein A/G; Protein L; Insulin, for example hexameric insulin,
monomeric insulin, porcine insulin, human insulin, recombinant insulin and pharmaceutical grades
of insulin; Pharmaceutical protein; blood or blood component proteins; or any recombinant form,
modification, full length precursor, signal peptide, pro-peptide, or mature variant of these proteins;

and a combination of two or more of these.
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[00216] Fig.1 is a schematic generic view of remote conversion plasma treatment apparatus
of the first more detailed embodiment having common features with each more particular
embodiment of Figs. 2, 6, 7, and 8 for carrying out remote conversion plasma treatment in this
specification. Plasma gas from a fluid source 12 capable of supporting the generation of plasma in
the plasma zone 15 having a boundary 20 (plasma is defined here as a visible glow discharge) is
introduced via a fluid inlet 13 to a plasma zone 15, and plasma energy from a plasma energy source

18 is provided to the plasma zone 15 to generate plasma having a boundary 20 in the plasma zone 15.

[00217] The plasma energy of the first more detailed embodiment broadly can be any type of
energy that will ignite plasma in the plasma zone 15. For example, it can be direct current (DC) or
alternating current (electromagnetic energy) having a frequency from 3 Hz to 300GHz.
Electromagnetic energy in this range generally includes radio frequency (RF) energy and microwave
energy, more particularly characterized as extremely low frequency (ELF) of 3 to 30 Hz, super low
frequency (SLF) of 30 to 300 Hz, voice or ultra-low frequency (VF or ULF) of 300 Hz to 3kHz, very
low frequency (VLF) of 3 to 30 kHz, low frequency (LF) of 30 to 300 kHz, medium frequency (MF)
of 300 kHz to 3 MHz, high frequency (HF) of 3 to 30 MHz, very high frequency (VHF) of 30 to 300
MHz, ultra-high frequency (UHF) of 300 MHz to 3 GHz, super high frequency (SHF) of 3 to 30
GHyc, extremely high [requency (EHF) of 30 to 300 GHz, or any combination of two or more of these
frequencies. For example, high frequency energy, commonly 13.56 MHz, is useful RF energy, and
ultra-high frequency energy, commonly 2.54 GHz, is useful microwave energy, as two non-limiting

examples of commonly used frequencies.

[00218] The nature of the optimal applicator 23 of the first more detailed embodiment is
determined by the frequency and power level of the energy, as is well known. If the plasma is excited
by radio waves, for example, the applicator 23 can be an electrode, while if the plasma is excited by

microwave energy, for example, the applicator 23 can be a waveguide.

[00219] An afterglow region 24 of the first more detailed embodiment is located outside but
near the plasma boundary 20, and contains treatment gas 17. The afterglow region 24 can be the
entire treatment volume 10 outside the plasma boundary 20 and within the reaction chamber wall 1

and lid 19, or the afterglow region 24 can be a subset of the treatment volume 10, depending on the
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dimensions of and conditions maintained in the treatment volume. The treatment gas 17 in the
afterglow region 24 is not ionized sufficiently to form plasma, but it is sufficiently energetic to be
capable of modifying a surface that it contacts, more so than the same gas composition at the same

temperature and pressure in the absence of the plasma.

[00220] It will be understood by a skilled person that some gas compositions are sufficiently
chemically reactive that they will modify a substrate in the apparatus 9 of the first more detailed
embodiment when plasma is absent. The test for whether a region of, or adjacent to, remote
conversion plasma treatment apparatus is within the afterglow, for given equipment, plasma, gas
feed, and pressure or vacuum conditions producing a visible glow discharge outside the region, is
whether a substrate located in the region under the given equipment, plasma, gas feed, and pressure
is modified compared to a substrate exposed to the same equipment, gas feed and pressure or
vacuum conditions, when no plasma is present in the region normally defining the plasma zone as
the result of the absence of or insufficiency of the plasma energy 18 of the first more detailed

embodiment.

[00221] Remote conversion plasma treatment of the first more detailed embodiment is carried
out by providing plasma in the plasma zone 15, which generates an afterglow in the afterglow region
or remote conversion plasma (two terms for the same region) 24, which contacts and modifies a

substrate surface placed at least partially in the afterglow region 24.

[00222] As one option of the first more detailed embodiment in the remote conversion
plasma treatment apparatus, the plasma gas enters the plasma zone, is excited to form plasma, then
continues downstream to the afterglow region 24 where it has less energy, is then defined as
treatment gas 17, and contacts the substrate. In other words, at least a portion of the gas flows
through the plasma zone 15, is energized to form plasma, and continues to the afterglow region 24,
becoming more energetic in the plasma zone 15 and less energetic by the time it enters the afterglow
region 24 (but still energized compared to the gas before entering the plasma zone 15). Where this
option is adopted, the plasma and the afterglow region 24 are in gas communication and at least
some of the same gas is fed through both zones. Optionally, as where plasma is not generated in the

entire cross-section of flowing gas, some of the gas may bypass the plasma by staying outside the
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boundary 20 of the plasma zone 15 and still flow through the afterglow region 24, while other gas
flows through both the plasma zone 15 and the afterglow region 24.

[00223] As another option in the remote conversion plasma treatment apparatus of the first
more detailed embodiment, the plasma gas can be different molecules from the treatment gas 17
(though the plasma gas and treatment gas may either have identical compositions or different
compositions), and the plasma gas remains in or is fed through only the plasma zone 15 and not the
afterglow region 24, while the treatment gas is energized by the plasma gas but is separate from the

plasma gas and while in the afterglow region 24 is not energized sufficiently to form plasma.

[00224] The nature of the applicator 23 of the first more detailed embodiment can vary
depending on the application conditions, for example the power level and frequency of the plasma

energy 18. For example, the applicator can be configured as an electrode, antenna, or waveguide.

[00225] Optionally, a shield 16 may be placed between the plasma and at least a portion of
the substrate 14 in the treatment area of the first more detailed embodiment to prevent the plasma
from contacting or coming undesirably close to the substrate 14 or unevenly affecting the substrate
14. For one example, the optional shield 16 in Fig.1 can be perforated to allow gas flow through it,
particularly flow of thec ncutral specics forming the afterglow, but the shicld 16 is configured or
equipped, suitably for the choice of plasma-forming energy, to prevent the plasma from penetrating
the shield of the first more detailed embodiment. For example, the perforations may be sized or the
shield can be electrically biased or grounded such that the plasma-forming energy or the plasma
cannot pass through it. This arrangement has the advantage that, if the plasma zone has a substantial
area intersecting with the shield, the substantial area optionally is flattened so the plasma boundary
20 has a “flat spot” 26, illustrated in Fig. 1 of the first more detailed embodiment, which can be
placed parallel to the surface of the substrate to be treated so they are equidistant over a substantial
area, instead of the plasma terminating in a tapered tail that extends much closer to one portion of the
substrate 14 than to other parts of the substrate 14 not aligned with the tail, illustrated in Fig. 8 of the

first more detailed embodiment.

[00226] Another shield option of the first more detailed embodiment is that the shield can be

made such that it passes neither gas nor plasma, serving as an obstruction of the direct path between
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some or all of the plasma and some or all of the treatment area. The obstruction can fill less than all
of the gas cross-section flowing from the plasma zone 15 to the afterglow region 24, so non-ionized
gas can flow around the shield and reach the afterglow region 24 by a circuitous path, while plasma

cannot either circumvent or pass through it.

[00227] Yet another shield option of the first more detailed embodiment is that the substrate
14 to be treated can be positioned in the apparatus during treatment such that one portion of a
substrate 14 that can withstand contact with plasma is exposed to the plasma, shielding from the
plasma another portion of the substrate 14 or another substrate receiving remote conversion plasma

treatment.

[00228] Still another shield option of the first more detailed embodiment is that the gas flow
path through the plasma and treatment area can be sharply bent, for example turning a 90 degree
corner between the plasma and treatment area, so the wall of the apparatus itself shields the treatment

area from line-of-sight relation to the plasma under certain treatment conditions.

[00229] The substrate orientation in the treatment volume of the first more detailed
embodiment can vary, and the substrate, applicator, gas and vacuum sources can optionally be
arranged to provide cither substantially cven or uncven cxposure to remote conversion plasma across

a substrate.

[00230] Another option in the first more detailed embodiment is that the substrate itself can
serve as the reactor wall or a portion of the reactor wall, so treatment gas 17 introduced into reactor

treats the portion of the substrate serving as the reactor wall.

[00231] Another option in the first more detailed embodiment is the introduction of a second
non-polymerizing gas, functioning as diluent gas, into the reactor, in addition to the non-
polymerizing compound or water vapor which is the active agent of the treatment gas 17. Diluent
gascs arc dcfincd as gascs introducced at the fluid inlet 13 that do not matcrially intcract with the
substrate 14 to the extent they find their way into the treatment gas 17, given the treatment apparatus
and conditions applied. Diluent gases can either participate or not participate in formation of the

plasma. The diluent gas can be introduced through the inlet 13 or elsewhere in the reactor. Diluent
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gases can be added at arate from 1% to 10,000% by volume, optionally 10% to 1000% by volume,
optionally 100% to 1000% by volume, of the rate of addition of the non-polymerizing compound or

water vapor.

[00232] As another option in the first more detailed embodiment, some or all of the non-
polymerizing compound or water vapor can be added to the treatment volume 10 in such a manner as

to bypass the plasma zone 15 en route to the treatment gas 17.

[00233] Fig. 2 of the first more detailed embodiment shows another embodiment of the
apparatus of Fig. 1. The apparatus again can be used for carrying out the remote conversion plasma
treatment according to the first more detailed embodiment. The chamber of this embodiment
comprises a treatment volume 10 defined and enclosed by a reaction chamber wall 11, which
optionally is not electrically conductive. The treatment volume 10 is supplied with a fluid source 12
(in this instance, a tubular fluid inlet 13 projecting axially into the treatment volume 10, however
other fluid sources are contemplated, e.g., “shower head” type fluid sources). Optionally, the
treatment volume 10 can be defined by a treatment chamber wall 11 or by the lumen within a vessel
or other article to be treated. Feed gases are fed into the treatment volume 10. The plasma reaction
chamber comprises as an optional feature a vacuum source 22 for at least partially evacuating the
treatment volume 10 compared to ambient pressure, for use when plasma treating at reduced
pressure, although plasma treating under suitable conditions at ambient atmospheric pressure or ata

pressure higher than ambient atmospheric pressure is also contemplated.

[00234] The plasma reaction chamber also comprises an optional outer applicator 23, here in
the form of an electrode surrounding at least a portion of the plasma reaction chamber. A radio
frequency (RF) plasma energy source 18 is coupled to the reaction chamber by an applicator 23 and
provides power that excites the gases to form plasma. The plasma forms a visible glow discharge 20

that optionally is limited to a close proximity to the fluid source 12.

[00235] Microplates 14 optionally can be oriented such that the surfaces of the microplates
14 on which treatment is desired (the surface that is configured and intended to contact/hold a
biomolecule-containing solution) face the fluid source 12. However, the surfaces to be treated can

also or instead face away from the fluid source 12, as shown in Fig. 2. In addition, in the illustrated
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embodiment the microplate 14 is shielded with a shield 16 to block the microplate 14 from being in
the direct “line of sight” of (i.e. having an unobstructed path to) the fluid source 12. As a non-
limiting example, the respective surfaces of the microplates 14 can be positioned a horizontal
distance of approximately 2.75 inches (7 cm) from the fluid source, although operation is
contemplated with placement of the microplate 14 surfaces at a horizontal distance of from Y2 to 10
inches (1 to 25 cm), optionally 2.5 to 5.5 inches (6 to 14 cm) from the fluid source. In this manner,
the process relies on remote conversion plasma (as opposed to direct plasma) to treat the
microplates” 14 surfaces. In this non-limiting example, the system has a capacity of 20 parts

(microplates) per batch at a total process time of eight minutes per batch.

[00236] Fig. 6 of the first more detailed embodiment shows another embodiment of the
apparatus of Fig. 1. The process used to treat the microplates in FIG. 6 uses a radio-frequency (RF)
plasma system. The system has a gas delivery input, a vacuum pump and RF power supply with
matching network. The microplates are shown oriented with the front surfaces containing the wells

32 facing away from and shielded from the plasma along the perimeter of the chamber.

[00237] These details are illustrated in Fig. 6 of the first more detailed embodiment, where
there is shown another exemplary setup having all the elements of the apparatus of Fig. 2 of the first
more detailed embodiment for use in a plasma reaction chamber for carrying out remote conversion
plasma treatment according to the first more detailed embodiment. The chamber of the first more
detailed embodiment comprised a treatment volume 10 defined and enclosed by a reaction chamber
wall 11 having a fluid source 12 (in this instance, a tubular fluid inlet 13 projecting axially into the
treatment volume 10, however other fluid sources are contemplated, e.g., “shower head” type fluid
sources). The reaction chamber wall 11 in this embodiment was provided with a removable lid 13
that is openable to allow substrates to be inserted or removed and sealable to contain the process and,
optionally, evacuate the treatment volume. In the first more detailed embodiment, the fluid source 12
was made of metallic material, electrically grounded, and also functioned as an applicator, in the
form of an inner electrode. As is well known, the plasma of the first more detailed embodiment

optionally can be generated without an inner electrode.
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[00238] Feed gases were fed into the treatment volume 10. The plasma reaction chamber
comprised an optional feature of a vacuum source 22 for at least partially evacuating the treatment
volume 10. The plasma reaction chamber wall 11 also functioned as an applicator 23 in the form of
an outer applicator or electrode surrounding at least a portion of the plasma reaction chamber. A
plasma energy source 18, in this instance a radio frequency (RF) source, was coupled to applicators
23 defined by the reaction chamber wall 24 and the fluid source 12 to provide power that excited the
gases to form plasma. The plasma zone 15 formed a visible glow discharge that was limited by the
plasma boundary 20 in close proximity to the fluid source 12. The afterglow region also known as a
remote conversion plasma region 24 is the region radially or axially outside the boundary 20 of the

visible glow discharge and extending beyond the substrates treated.

[00239] Microplates 14 having front surfaces 28 and back surfaces 30 were oriented such that
the wells 32 on the front surfaces of the microplates 14 on which treatment was desired (the front
surface that is configured and intended to contact/hold a biomolecule-containing solution) faced
away from the fluid source 12 and the back surfaces 30 faced toward the fluid source 12. The front
surfaces 28 of the microplates 14 were shielded by their own back surfaces 30 to block the
microplate front surfaces 28 from being in the direct *line of sight” of the fluid source 12. In this
manner, the process relied on remole conversion plasma (as opposed (o direct plasma) (o treat the

surfaces of the wells 32.

[00240] Fig. 7 of the first more detailed embodiment shows another embodiment of the
apparatus of Fig. 1, having corresponding features. The embodiment of Fig. 7 provides a “shower
head” fluid inlet 13 and a plate electrode as the applicator 23 that provide more uniform generation

and application of treatment gas 17 over a wider area of the substrate 14.

[00241] Fig. 8 of the first more detailed embodiment shows another embodiment of the
apparatus of Fig. 1, having corresponding features. The embodiment of Fig. § provides microwave
plasma energy 18 delivered through an applicator 23 configured as a waveguide. In this embodiment

the plasma zone 15 and substrate support 21 are provided in separate vessels connected by a conduit.

[00242] Optionally in the first more detailed embodiment, the treated contact surface has a

biomolecule recovery percentage greater than the biomolecule recovery percentage of the
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unconditioned and unconverted surface for at least one of Bovine Serum Albumin (BSA); Fibrinogen
(FBG); Transferrin {TFN), for example blood serotransferrin (or siderophilin, also known as
transferrin); lactotransferrin (lactoferrin); milk transferrin; egg white ovotransferrin (conalbumin);
and membrane-associated melanotransferrin; Protein A (PrA); Protein G (PrG); Protein A/G; Protein
L; Insulin, for example hexameric insulin, monomeric insulin, porcine insulin, human insulin,
recombinant insulin and pharmaceutical grades of insulin; pharmaceutical protein; blood or blood
component proteins; or any recombinant form, modification, full length precursor, signal peptide,

propeptide, mature variant of these proteins and a combination of two or more of these.

[00243] In one optional embodiment of the first more detailed embodiment, a plasma
treatment process comprises, consists essentially of, or consists of the following two steps using
remote conversion plasma: (1) an oxygen plasma step (or more generically, a non-polymerizing
compound plasma step) followed by (2) a water vapor plasma step. It should be understood that
additional steps before, between, or after the aforementioned steps may be added and remain within
the scope of the first more detailed embodiment. Further, it should also be understood that the
oxygen plasma step may utilize optional gases to oxygen, including but not limited to nitrogen or any
non-polymerizing gases listed in this specification. As another optional embodiment of the first
more detailed embodiment, a plasma treatment process comprises, consists essentially of, or consists
of using remote conversion plasma of oxygen and water vapor combined in one plasma step. This
optional embodiment is characterized as a conversion step without a preliminary conditioning step in

the present specification.

[00244] Optional process parameter ranges for the conditioning step (non-polymerizing
compound plasma step) and second treatment step (water vapor plasma step) of the first more

detailed embodiment are set forth in Table 1 of the first more detailed embodiment.

Table 1 — Process parameter ranges for plasma treatment

Non-Polymerizing Water Vapor Plasma Step
LCompound Plasma STep o e———————— e
Power (W) 50600 [ PowerW)  50-600
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[00245] Optionally, no pretreatment step is required before the non-polymerizing gas plasma

step.

[00246] Optionally, in the first more detailed embodiment, the remote conversion plasma
used to treat a substrate surface may be RF generated plasma. Optionally, plasma enhanced chemical
vapor deposition (PECVD) or other plasma processes may be used consistent with the first more

detailed embodiment.

[00247] Optionally, the treatment volume in a plasma reaction chamber may be from 100 mL
to 50 liters, preferably 8 liters to 20 liters [or certain applications. Optionally, the treatment volume

may be generally cylindrical, although other shapes and configurations are also contemplated.

Treated Substrate Disclosure

[00248] Treated substrates, and in particular treated contact surfaces, obtained by these and

other methods are contemplated.

[00249] In an aspect of the substrate in any embodiment a converted and optionally
conditioned contact surface comprises a carbon or silicon compound comprising from 1 to 30 atomic
percent grafted oxygen, optionally from 2 to 20 atomic percent grafted oxygen, optionally from 4 to
12 atomic percent grafted oxygen, optionally from 1 to 2 atomic percent grafted oxygen, optionally
from 2 to 3 atomic percent grafted oxygen, optionally from 3 to 4 atomic percent grafted oxygen,
optionally from 4 to 5 atomic percent grafted oxygen, optionally from 5 to 6 atomic percent grafted
oxygen, optionally from 6 to 7 atomic percent grafted oxygen, optionally from 7 to 8 atomic percent
grafted oxygen, optionally from 8 to 9 atomic percent grafted oxygen, optionally from 9 to 10 atomic
percent grafted oxygen, optionally from 10 to 11 atomic percent grafted oxygen, optionally from 11
tol 2 atomic percent grafted oxygen, optionally from 12 to 13 atomic percent grafted oxygen,
optionally from 13 to 14 atomic percent grafted oxygen, optionally from 14 to 15 atomic percent

gralted oxygen, optionally [rom 15 (o 16 atomic percent gralted oxygen, optionally [rom 16 to 17
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atomic percent grafted oxygen, optionally from 17 to 18 atomic percent grafted oxygen, optionally
from 18 to 19 atomic percent grafted oxygen, optionally from 19 to 20 atomic percent grafted
oxygen, optionally from 20 to 21 atomic percent grafted oxygen, optionally from 21 to 22 atomic
percent grafted oxygen, optionally from 22 to 23 atomic percent grafted oxygen, optionally from 23
to 24 atomic percent grafted oxygen, optionally from 24 to 25 atomic percent grafted oxygen,
optionally from 25 to 26 atomic percent grafted oxygen, optionally from 26 to 27 atomic percent
grafted oxygen, optionally from 27 to 28 atomic percent grafted oxygen, optionally from 28 to 29
atomic percent grafted oxygen, optionally from 29 to 30 atomic percent grafted oxygen, as measured

by x-ray photoelectron spectroscopy (XPS).

[00250] It will be understood that an “atomic percent” or “at.%” of a particular species,
typically a chemical element, on a converted and optionally conditioned contact surface is the
number of atoms, molecules, or moieties of the particular species detected by XPS, divided by the
number of all of the atoms, molecules, or moieties of all the species detected by XPS, multiplied by
100%. Thus, if 89 carbon atoms, 5 nitrogen atoms, and 11 oxygen atoms are all of the atoms

detected on the substrate, the atomic percent of carbon is
[00251] 100% x 89/(89 + 5+ 11)=84.8 at.% C

[00252] “Grafted oxygen’ or another grafted species as used here refers to oxygen or another
grafted species that is chemically (more specifically, covalently) bonded to an atom or atoms on the
substrate surface, as detected by XPS analysis. A species grafted on a molecule of a polymer at the
substrate surface typically is grafted between the ends of the polymer molecule, either inserted into

the polymer backbone or attached as a pendant group.

[00253] In an aspect of the substrate in any embodiment a converted and optionally
conditioned contact surface comprises a carbon or silicon compound comprising from 0 to 30,
optionally from 0.1 to 30 atomic percent grafted nitrogen, optionally from 0.1 to 20 atomic percent
grafted nitrogen, optionally from 0.1 to 10 atomic percent grafted nitrogen, optionally from 0.1 to 1
atomic percent grafted nitrogen, optionally from 1 to 2 atomic percent grafted nitrogen, optionally
from 2 to 3 atomic percent grafted nitrogen, optionally from 3 to 4 atomic percent grafted nitrogen,

optionally from 4 to 5 atomic percent grafted nitrogen, optionally from 5 to 6 atomic percent grafted
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nitrogen, optionally from 6 to 7 atomic percent grafted nitrogen, optionally from 7 to 8 atomic
percent grafted nitrogen, optionally from 8 to 9 atomic percent grafted nitrogen, optionally from 9 to
10 atomic percent grafted nitrogen, optionally from 10 to 11 atomic percent grafted nitrogen,
optionally from 11 tol 2 atomic percent grafted nitrogen, optionally from 12 to 13 atomic percent
grafted nitrogen, optionally from 13 to 14 atomic percent grafted nitrogen, optionally from 14 to 15
atomic percent grafted nitrogen, optionally from 15 to 16 atomic percent grafted nitrogen, optionally
from 16 to 17 atomic percent grafted nitrogen, optionally from 17 to 18 atomic percent grafted
nitrogen, optionally from 18 to 19 atomic percent grafted nitrogen, optionally from 19 to 20 atomic
percent grafted nitrogen, optionally from 20 to 21 atomic percent grafted nitrogen, optionally from
21 to 22 atomic percent grafted nitrogen, optionally from 22 to 23 atomic percent grafted nitrogen,
optionally from 23 to 24 atomic percent grafted nitrogen, optionally from 24 to 25 atomic percent
grafted nitrogen, optionally from 25 to 26 atomic percent grafted nitrogen, optionally from 26 to 27
atomic percent grafted nitrogen, optionally from 27 to 28 atomic percent grafted nitrogen, optionally
from 28 to 29 atomic percent grafted nitrogen, optionally from 29 to 30 atomic percent grafted

nitrogen, as measured by x-ray photoelectron spectroscopy (XPS).

[00254] In an aspect of the substrate in any embodiment the converted and optionally
conditioned contact surface is [urther comprising [rom O to 30 atomic percent grafted nitrogen,
optionally from O to 20 atomic percent grafted nitrogen, optionally from 0.1 to 30 atomic percent
grafted nitrogen, optionally from 0.1 to 20 atomic percent grafted nitrogen, optionally from 0.1 to 10
atomic percent grafted nitrogen, optionally from 0.1 to 1 atomic percent grafted nitrogen, optionally
[rom 1 (o 2 atomic percent gralted nitrogen, optionally from 2 (o 3 atlomic percent gralted nitrogen,
optionally from 3 to 4 atomic percent grafted nitrogen, optionally from 4 to 5 atomic percent grafted
nitrogen, optionally from 5 to 6 atomic percent grafted nitrogen, optionally from 6 to 7 atomic
percent grafted nitrogen, optionally from 7 to 8 atomic percent grafted nitrogen, optionally from 8 to
9 atomic percent grafted nitrogen, optionally from 9 to 10 atomic percent grafted nitrogen, optionally
from 10 to 11 atomic percent grafted nitrogen, optionally from 11 tol 2 atomic percent grafted
nitrogen, optionally from 12 to 13 atomic percent grafted nitrogen, optionally from 13 to 14 atomic

percent grafted nitrogen, optionally from 14 to 15 atomic percent grafted nitrogen, optionally from
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15 to 16 atomic percent grafted nitrogen, optionally from 16 to 17 atomic percent grafted nitrogen,
optionally from 17 to 18 atomic percent grafted nitrogen, optionally from 18 to 19 atomic percent
grafted nitrogen, optionally from 19 to 20 atomic percent grafted nitrogen, optionally from 20 to 21
atomic percent grafted nitrogen, optionally from 21 to 22 atomic percent grafted nitrogen, optionally
from 22 to 23 atomic percent grafted nitrogen, optionally from 23 to 24 atomic percent grafted
nitrogen, optionally from 24 to 25 atomic percent grafted nitrogen, optionally from 25 to 26 atomic
percent grafted nitrogen, optionally from 26 to 27 atomic percent grafted nitrogen, optionally from
27 to 28 atomic percent grafted nitrogen, optionally from 28 to 29 atomic percent grafted nitrogen,
optionally from 29 to 30 atomic percent grafted nitrogen, as measured by x-ray photoelectron

spectroscopy (XPS).

[00255] In an aspect of the substrate in any embodiment the converted and optionally
conditioned contact surface comprises grafted hydrogen bond acceptor functional groups, for

example one or more of -N"-, -N-, =0, -O-, -O», -O3, or

=N,
bonded to carbon or silicon in each case, as measured by x-ray photoelectron spectroscopy (XPS).
[00256] In an aspect of the substrate in any embodiment the converted and optionally
condilioned contact surface comprises a carbon or silicon compound modilied with polar gralted
species, optionally one or more of: C=0 (carbonyl), C-O-C (ether), C-N-C (amine), C-N*-C
(ammonium), CO; (carboxyl), COs, Si=0, Si-O-Si, Si-N-Si, Si-N*-Si, Si0,, SiOs,

=N,
Ni=N,
[00257] or a combination of two or more of these, as measured by x-ray photoelectron
spectroscopy (XPS).
Grafted Species
[00258] In an aspect of the substrate in any embodiment the converted and optionally

conditioned contact surface comprises a hydrocarbon modified with polar grafted species, and the
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total atomic proportion of carbon forming C=0O (carbonyl), C-O-C (ether), C-N-C (amine), CO-
(carboxyl), CO3, N-C3, N+C4,

C=N,
or a combination of two or more of these grafted species is from 1 to 40%, optionally 5 to 30%,
optionally 10 to 20%, of the total atomic proportion of carbon bonded with carbon or hydrogen in the
substrate.
[00259] In an aspect of the substrate in any embodiment the converted and optionally
conditioned contact surface comprises a silicon compound modified with polar grafted species, and

the total atomic proportion of silicon forming Si=0, Si-O-Si, Si-N-Si, Si0», Si0s;, N-Sis, N'Siy,

Si=N.,
or a combination of two or more of these is from 1 to 40%, optionally 5 to 30%, optionally 10 to
20%, of the total atomic proportion of silicon bonded with oxygen in the substrate.
[00260] In an aspect of the substrate in any embodiment the total atomic proportion of carbon
forming C=0 (carbonyl), C-O-C (ether), C-N-C (amine), CO, (carboxyl), or COs3, or a combination
of two or more of these is from 1 to 40%, optionally 5 to 30%, optionally 10 to 20%, of the total

atomic proportion of carbon bonded with carbon or hydrogen in the substrate.

[00261] In an aspect of the substrate in any embodiment the total atomic proportion of carbon
forming C-O-C (ether) or C-N-C (amine) or a combination of the two is from 1 to 40%, optionally 5
to 30%, optionally 10 to 20%, of the total atomic proportion of carbon bonded with carbon or

hydrogen in the substrate.

[00262] In an aspect of the substrate in any embodiment the converted and oplionally
conditioned converted and optionally conditioned contact surface has a contact angle with distilled
water of from 0° to 90°, optionally from 20° to 80°, optionally from 40° to 80°, optionally from 50° to
70°, optionally from 557 to 65°.

[00263] In an aspect of the substrate in any embodiment the converted and optionally
conditioned contact surface has a biomolecule recovery percentage of at least 40%, optionally at least

45%, optionally at least 50%, optionally at least 55%, optionally at least 60%, oplionally at least
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65%, optionally at least 70%, optionally at least 75%, optionally at least 80%, optionally at least
85%, optionally at least 90% optionally at least 95%.

[00264] In an aspect of the substrate in any embodiment the converted and optionally

conditioned contact surface is a vessel lumen surface.

[00265] In an aspect of the substrate in any embodiment the biomolecule recovery percentage
is determined for at least one of: mammal serum albumin; Bovine Serum Albumin (BSA);
Fibrinogen (FBG); Transferrin (TFN); egg white ovotransferrin (conalbumin); membrane-associated
melanotransferrin; Protein A (PrA); Protein G (PrG); Protein A/G; Protein L; Insulin;
Pharmaceutical protein; blood or blood component proteins; and any recombinant form,

modification, full length precursor, signal peptide, propeptide, or mature variant of these proteins.

[00266] In an aspect of the substrate in any embodiment the converted and optionally
conditioned contact surface comprises thermoplastic material, for example a thermoplastic resin, for

example an injection-molded thermoplastic resin.

[00267] In an aspect of the substratc in any cmbodiment the converted and optionally
conditioned contact surface comprises a hydrocarbon, for example an olefin polymer, polypropylene
(PP), polyethylene (PE), cyclic olefin copolymer (COC), cyclic olefin polymer (COP),
polymethylpentene, polystyrene, hydrogenated polystyrene, polycyclohexylethylene (PCHE), or
combinations of two or more of these. The converted and optionally conditioned contact surface
optionally comprises a heteroatom-substituted hydrocarbon polymer, for example a polyester,
polyethylene terephthalate, polyethylene naphthalate, polybutylene terephthalate (PBT),
polyvinylidene chloride (PVdC), polyvinyl chloride (PVC), polycarbonate, polylactic acid, epoxy
resin, nylon, polyurethane polyacrylonitrile, polyacrylonitrile (PAN), an ionomeric resin, Surlyn®

ionomeric resin, or any combination, composite or blend of any two or more of the above materials.

[00268] In an aspect of the substratc in any cmbodiment the converted and optionally
conditioned contact surface is a coating or layer of PECVD deposited SiO:C,H, or SiN,CyH,, in

which x is from about 0.5 to about 2.4 as measured by X-ray photoelectron spectroscopy (XPS), y is
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from about 0.6 to about 3 as measured by XPS, and z is from about 2 to about 9 as measured by

Rutherford backscattering spectrometry (RBS).

[00269] In an aspect of the substrate in any embodiment the converted and optionally
conditioned contact surface is a barrier coating or layer of SiOy, in which x is from about 1.5 to about
2.9 as measured by XPS, optionally an oxide or nitride of an organometallic precursor that is a
compound of a metal element from Group III and/or Group IV of the Periodic Table, e.g. in Group
1II: Boron, Aluminum, Gallium, Indium, Thallium, Scandium, Yttrium, or Lanthanum, (Aluminum
and Boron being preferred), and in Group 1V: Silicon, Germanium, Tin, Lead, Titanium, Zirconium,

Hafnium, or Thorium (Silicon and Tin being preferred).

[00270] In an aspect of the substrate in any embodiment the converted and optionally
conditioned contact surface is a contact surface of an article of labware. For example, the converted
and optionally conditioned contact surface can be, without limitation, a contact surface of a
microplate, a centrifuge tube, a pipette tip, a well plate, a microwell plate, an ELISA plate, a
microtiter plate, a 96-well plate, a 384-well plate, a vial, a bottle, a jar, a syringe, a cartridge, a blister
package, an ampoule, an evacuated blood collection tube, a specimen tube, a centrifuge tube, or a

chromatography vial.

[00271] In an aspect of the substrate in any embodiment the converted and optionally

conditioned contact surface is a vessel lumen surface.

[00272] In an aspect of the substrate in any embodiment the converted and optionally
conditioned contact surface is in contact with an aqueous protein. In an aspect of the substrate in any
embodiment the aqueous protein comprises: mammal serum albumin, for example Bovine Serum
Albumin (BSA); Fibrinogen (FBG); Transferrin (TEN), for example blood serotransferrin (or
siderophilin, also known as transferrin); lactotransferrin (lactoferrin); milk transferrin; egg white
ovotransferrin (conalbumin); and membrane-associated melanotransferrin; Protein A (PrA); Protein
G (PrG); Protein A/G; Protein L; Insulin, for example hexameric insulin, monomeric insulin, porcine
insulin, human insulin, recombinant insulin and pharmaceutical grades of insulin; Pharmaceutical

protein; blood or blood component proteins; or any recombinant form, modification, full length
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precursor, signal peptide, propeptide, or mature variant of these proteins; or a combination of two or

more of these.

[00273] In an aspect of the substrate in any embodiment the converted and optionally
conditioned contact surface has a protein recovery percentage greater than the protein recovery
percentage of the unconditioned and unconverted surface for at least one of Bovine Serum Albumin
(BSA); Fibrinogen (FBG); Transferrin (TFN), for example blood serotransferrin (or siderophilin,
also known as transferrin); lactotransferrin (lactoferrin); milk transferrin; egg white ovotransferrin
(conalbumin); and membrane-associated melanotransferrin; Protein A (PrA); Protein G (PrG);
Protein A/G; Protein L; Insulin, for example hexameric insulin, monomeric insulin, porcine insulin,
human insulin, recombinant insulin and pharmaceutical grades of insulin; Pharmaceutical protein;
blood or blood component proteins; or any recombinant form, modification, full length precursor,

signal peptide, propeptide, or mature variant of these proteins.

[00274] In an aspect of the substrate in any embodiment the converted and optionally
conditioned contact surface has a protein recovery percentage greater than the protein recovery
percentage of the unconditioned and unconverted surface for Bovine Serum Albumin having an
atomic mass of 66,000 Daltons (BSA) on NUNC® 96-well round bottom plates, following the

protocol in the present specification.

[00275] In an aspect of the substrate in any embodiment the converted and optionally
conditioned contact surface has a protein recovery percentage at 24 hours on NUNC® 96-well round
bottom plates greater than 70%, optionally greater than 80%, optionally greater than 90%, optionally

up to 100% for BSA, following the protocol in the present specification.

[00276] In an aspect of the substrate in any embodiment the converted and optionally
conditioned contact surface has a protein recovery percentage at 24 hours greater than the protein
recovery percentage of the unconditioned and unconverted surface for Fibrinogen having an atomic
mass of 340,000 Daltons (FBG) on NUNC® 96-well round bottom plates, following the protocol in

the present specification.
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[00277] In an aspect of the substrate in any embodiment the converted and optionally
conditioned contact surface has a protein recovery percentage at 24 hours on NUNC® 96-well round
bottom plates greater than 20%, optionally greater than 40%, optionally greater than 60%, optionally

greater than 80%, optionally up to 84% for FBG, following the protocol in the present specification.

[00278] In an aspect of the substrate in any embodiment the converted and optionally
conditioned contact surface has a protein recovery percentage at 24 hours on NUNC® 96-well round
bottom plates greater than the protein recovery percentage of the unconditioned and unconverted
surface for Transferrin having an atomic mass of 80,000 Daltons (TFN), following the protocol in

the present specification.

[00279] In an aspect of the substrate in any embodiment the converted and optionally
conditioned contact surface has a protein recovery percentage at 24 hours on NUNC® 96-well round
bottom plates greater than 60%, optionally greater than 65%, optionally greater than 69%, optionally

up to 70% for TEN, following the protocol in the present specification.

[00280] In an aspect of the substrate in any embodiment the converted and optionally
conditioned contact surface has a protein recovery percentage at 24 hours on NUNC® 96-well round
bottom plates greater than the protcin recovery percentage of the unconditioned and unconverted
surface for Protein A having an atomic mass of 45,000 Daltons (PrA), following the protocol in the

present specification.

[00281] In an aspect of the substrate in any embodiment the converted and optionally
conditioned contact surface has a protein recovery percentage at 24 hours on NUNC® 96-well round
bottom plates greater than 9%, optionally greater than 20%, optionally greater than 40%, optionally

greater than 60%, optionally up to 67% for PrA, following the protocol in the present specification.

[00282] In an aspect of the substrate in any embodiment the converted and optionally
conditioncd contact surfacc has a protcin recovery percentage at 24 hours on NUNC® 96-wcll round
bottom plates greater than the protein recovery percentage of the unconditioned and unconverted
surface for Protein G having an atomic mass of 20,000 Daltons (PrG), following the protocol in the

present specification.
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[00283] In an aspect of the substrate in any embodiment the converted and optionally
conditioned contact surface has a protein recovery percentage at 24 hours on NUNC® 96-well round
bottom plates greater than 12%, optionally greater than 20%, optionally greater than 40%, optionally
greater than 60%, optionally greater than 80%, optionally up to 90% for PrG, following the protocol

in the present specification.

[00284] In an aspect of the substrate in any embodiment the converted and optionally
conditioned contact surface has a protein recovery percentage at 24 hours greater than the protein
recovery percentage of the unconditioned and unconverted surface for Bovine Serum Albumin
having an atomic mass of 66,000 Daltons (BSA) on Eppendorf LoBind® low-protein-binding 96-
well round bottom plates, following the protocol in the present specification. LoBind® is a

trademark of Eppendorf AG, Hamburg, Germany.

[00285] In an aspect of the substrate in any embodiment the converted and optionally
conditioned contact surface has a protein recovery percentage at 24 hours on Eppendorf LoBind®
96-well round bottom plates greater than 95% for BSA, following the protocol in the present

specification.

[00286] In an aspect of the substratc in any cmbodiment the converted and optionally
conditioned contact surface has a protein recovery percentage at 24 hours greater than the protein
recovery percentage of the unconditioned and unconverted surface for Fibrinogen having an atomic
mass of 340,000 Daltons (FBG) on Eppendorf LoBind® 96-well round bottom plates, following the

protocol in the present specification.

[00287] In an aspect of the substrate in any embodiment the treated contact surface has a
protein recovery percentage at 24 hours on Eppendorf LoBind® 96-well round bottom plates greater

than 72% for FBG, following the protocol in the present specification.

[00288] In an aspect of the substratc in any embodiment the trcated contact surfacc has a
protein recovery percentage at 24 hours on Eppendorf LoBind® 96-well round bottom plates greater
than the protein recovery percentage of the unconditioned and unconverted surface for Transferrin

having an atomic mass of 80,000 Daltons (TFN), following the protocol in the present specification.
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[00289] In an aspect of the substrate in any embodiment the treated contact surface has a
protein recovery percentage at 24 hours on Eppendorf LoBind® 96-well round bottom plates greater

than 69% for TEN, following the protocol in the present specification.

[00290] In an aspect of the substrate in any embodiment the treated contact surface has a
protein recovery percentage at 24 hours on Eppendorf LoBind® 96-well round bottom plates greater
than the protein recovery percentage of the unconditioned and unconverted surface for Protein A

having an atomic mass of 45,000 Daltons (PrA), following the protocol in the present specification.

[00291] In an aspect of the substrate in any embodiment the treated contact surface has a
protein recovery percentage at 24 hours on Eppendorf LoBind® 96-well round bottom plates greater
than the protein recovery percentage of the unconditioned and unconverted surface for Protein G

having an atomic mass of 20,000 Daltons (PrG), following the protocol in the present specification.

[00292] In an aspect of the substrate in any embodiment the treated contact surface has a
protein recovery percentage at 24 hours on Eppendorf LoBind® 96-well round bottom plates greater

than 96% for PrG, following the protocol in the present specification.

[00293] In an aspect of the substrate in any embodiment the treated contact surface has a
protein recovery percentage at 24 hours greater than the protein recovery percentage of the
unconditioned and unconverted surface for Bovine Serum Albumin having an atomic mass of 66,000
Daltons (BSA) on GRIENER® 96-well round bottom plates, following the protocol in the present

specification.

[00294] In an aspect of the substrate in any embodiment the treated contact surface has a
protein recovery percentage at 24 hours on GRIENER® 96-well round bottom plates greater than

60%, optionally up to 86%, for BSA, following the protocol in the present specification.

[00295] In an aspect of the substrate in any embodiment the treated contact surface has a
protein recovery percentage at 24 hours greater than the protein recovery percentage of the
unconditioned and unconverted surface for Fibrinogen having an atomic mass of 340,000 Daltons
(FBG) on GRIENER® 96-wcll round bottom plates, following thc protocol in thc present

specification.
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[00296] In an aspect of the substrate in any embodiment the treated contact surface has a
protein recovery percentage at 24 hours on GRIENER® 96-well round bottom plates greater than

50%, optionally up to 65%, for FBG, following the protocol in the present specification.

[00297] In an aspect of the substrate in any embodiment the treated contact surface has a
protein recovery percentage at 24 hours on GRIENER® 96-well round bottom plates greater than the
protein recovery percentage of the unconditioned and unconverted surface for Transferrin having an

atomic mass of 80,000 Daltons (TFN), following the protocol in the present specification.

[00298] In an aspect of the substrate in any embodiment the treated contact surface has a
protein recovery percentage at 24 hours on GRIENER® 96-well round bottom plates greater than

50%, optionally up to 60%, for TFN, following the protocol in the present specification.

[00299] In an aspect of the substrate in any embodiment the treated contact surface has a
protein recovery percentage at 24 hours on GRIENER® 96-well round bottom plates greater than the
protein recovery percentage of the unconditioned and unconverted surface for Protein A having an

atomic mass of 45,000 Daltons (PrA), following the protocol in the present specification.

[00300] In an aspect of the substrate in any embodiment the treated contact surface has a
protein recovery percentage at 24 hours on GRIENER® 96-well round bottom plates greater than

25%, optionally up to 56%, for PrA, following the protocol in the present specification.

[00301] In an aspect of the substrate in any embodiment the treated contact surface has a
protein recovery percentage at 24 hours on GRIENER® 96-well round bottom plates greater than the
protein recovery percentage of the unconditioned and unconverted surface for Protein G having an

atomic mass of 20,000 Daltons (PrG), following the protocol in the present specification.

[00302] In an aspect of the substratc in any cmbodiment the treated contact surface has a
protein recovery percentage at 24 hours on GRIENER® 96-well round bottom plates greater than

60%, optionally up to 75%, for PrG, following the protocol in the present specification.

[00303] In an aspect of the substrate in any embodiment the carbon or silicon compound

consists essentially of polypropylene, optionally polypropylene homopolymer.
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[00304] In an aspect of the substrate in any embodiment the treated polypropylene contact
surface has a protein recovery percentage greater than the protein recovery percentage of the
unconditioned and unconverted polypropylene contact surface for Bovine Serum Albumin having an

atomic mass of 66,000 Daltons (BSA), following the protocol in the present specification.

[00305] In an aspect of the substrate in any embodiment the treated polypropylene contact
surface has a protein recovery percentage greater than the protein recovery percentage of the
unconditioned and unconverted polypropylene contact surface for Fibrinogen having an atomic mass

of 340,000 Daltons (FBG), following the protocol in the present specification.

[00306] In an aspect of the substrate in any embodiment the treated polypropylene contact
surface has a protein recovery percentage greater than the protein recovery percentage of the
unconditioned and unconverted polypropylene contact surface for Transferrin having an atomic mass

of 80,000 Daltons (TEN), following the protocol in the present specification.

[00307] In an aspect of the substrate in any embodiment the treated polypropylene contact
surface has a protein recovery percentage greater than the protein recovery percentage of the
unconditioned and unconverted polypropylene contact surface for Protein A having an atomic mass

of 45,000 Daltons (PrA), following the protocol in the present specification.

[00308] In an aspect of the substrate in any embodiment the treated polypropylene contact
surface has a protein recovery percentage greater than the protein recovery percentage of the
unconditioned and unconverted polypropylene contact surface for Protein G having an atomic mass

of 20,000 Daltons (PrG), following the protocol in the present specification.

[00309] In an aspect of the substrate in any embodiment the carbon or silicon compound
consists essentially of polypropylene and the converted and optionally conditioned contact surface

has any one or more of the following attributes:

e a water contact angle between 0 and 90 degrees;
e fewer hydrogen bond donor functional groups, for example -OH, -N-H, -N-H,, -N"Hj3, or

combinations of two or more of these, of the total atomic proportion of carbon bonded with
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carbon or hydrogen in the substrate as quantified by XPS, than the carbon or silicon
compound before treatment;
¢ more hydrogen bond acceptor functional groups, for example C=0 (carbonyl), C-O-C (ether),
C-N-C (amine), C-N+-C (ammonium), CO, (carboxyl), or COs, or a combination of two or
more of these, of the total atomic proportion of carbon bonded with carbon or hydrogen in
the substrate as quantified by XPS, than the carbon or silicon compound before treatment;
and
* charge neutrality or near charge neutrality, for example an electrostatic charge build-up on
the converted and optionally conditioned contact surface of less than 2 kilovolts per inch (2
kV/in, 5 kV/cm), optionally less than 3 kV/cm, optionally less than 2 kV/cm, optionally less
than 1 kV/cm as quantified using a Static Sensor - 3M Static Sensor 718.
[00310] In an aspect of the substrate in any embodiment the converted and optionally
conditioned contact surface has fewer hydrogen bond donor functional groups, for example -OH, -N-
H, -N-H,, -N"H3, or combinations of two or more of these, of the (otal atomic proportion of carbon
bonded with carbon or hydrogen in the substrate as quantified by XPS, than the carbon or silicon

compound before treatment.

[00311] In an aspect of the substrate in any embodiment the converted and optionally
conditioned contact surface has more hydrogen bond acceptor functional groups, for example C=0
(carbonyl), C-O-C (ether), C-N-C (amine), C-N+-C (ammonium), CO, (carboxyl), or COs, or a
combination of two or more of these, of the total atomic proportion of carbon bonded with carbon or
hydrogen in the substrate as quantified by XPS, than the carbon or silicon compound before

treatment.

[00312] In an aspect of the substrate in any embodiment the converted and optionally
conditioned contact surface has charge neutrality or near charge neutrality for example, an
electrostatic charge build-up on the converted and optionally conditioned contact surface of less than
2 kilovolts per inch (2 kV/in, 5 kV/cm), optionally less than 3 kV/cm, optionally less than 2 kV/cm,

optionally less than 1 kV/cm, quantified as before.

-100-

198/300



WO 2017/087032 PCT/US2016/037674

PECVD Coatings and Lavers

[00313] Another approach for reducing biomolecule adhesion is to provide as the contact
surface: (i) a barrier coating or layer having the atomic proportions: SiOy, in which x is from about
0.5 to about 2.4, or a pH protective coating or layer having the atomic proportions SiO,C,H,, in
which x is from about 0.5 to about 2.4 and y is from about 0.6 to about 3, each as measured by XPS.
Such coatings and methods for producing them on a substrate are described in W02014US23813,

which incorporated here by reference.

Working Examples
[00314] Various aspects will be illustrated in more detail with reference to the following
Examples, but it should be understood that the first more detailed embodiment is not deemed to be

limited thereto.

Testing of all embodiments
[00315] The following protocol was used to test the plates in all embodiments, except as

otherwise indicated in the examples:

[00316] Purposc: The purposc of this experiment was to determine the amount of protein
binding over time to a surface coated microtiter plate (a microtiter plate is also referred to in this
disclosure as a “microplate” or occasionally as a “plate” of the type having wells: all three terms

have identical meaning in this disclosure)..

[00317] Materials: BIOTEK® Synergy H1 Microplate Reader and BIOTEK Gen35® Software,
MILLIPORE® MILLI-Q® Water System (sold by Merck KGAA, Darmstadt, Germany),
MILLIPORE® Direct Detect Spectrometer, ALEXA FLUOR® 488 Labeled Proteins (Bovine Serum
Albumin (BSA), Fibrinogen (FBG), Transferrin (TEN), Protein A (PrA) and Protein G (PrG), sold by
Molecular Probes, Inc., Eugene, Oregon USA), 10X Phosphate Buffered Saline (PBS), NUNC®
Black 96-well Optical Bottom Plates, 1 L Plastic Bottle, 25-100 mL Glass Beakers, Aluminum Foil,
1-10 mL Pipette, 100-1000 pL Pipette, 0.1-5 pL Pipette, 50-300 puL Multichannel Pipette.
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[00318] The selected proteins, one or more of those listed above, were tested on a single
surface coated microplate. Each protein was received as a fluorescently labeled powder, labeled with

ALEXA FLUOR® 488:

e 5 mg of BSA: 66,000 Da
e 5 mg of FBG: 340,000 Da
¢ 5 mg of TEN: 80,000 Da
e 1 mg of PrA: 45,000 Da
* 1 mg of PrG: 20,000 Da
[00319] Once received, each vial of protein was wrapped in aluminum foil for extra

protection from light and labeled accordingly, then placed into the freezer for storage.

[00320] A solution of 1 X PBS (phosphate buffer solution) was made from a stock solution
of 10X PBS: 100mL of 10X PBS was added to a plastic 1L bote, [ollowed by 900mL of distilled
water from the MILLIPORE® Q-pod, forming 1X PBS. Using a 100-1000 uL pipette, 1000 puL of 1X
PBS was pipetted into each vial of protein separately, to create protein solutions. Each vial was then

inverted and vortexed to thoroughly mix the solution.

[00321] Each protcin was then tested on the MILLIPORE® Dircct Detect to gct an accurate
protein concentration. Using a 0.1-5 uLL pipette, a 2 pLL sample of PBS was placed on the first spot of
the Direct Detect reading card and marked as a blank in the software. A 2 puLL sample of the first
protein was then placed onto the remaining 3 spots and marked as samples. After the card was read,
an average of the 3 protein concentrations was recorded in mg/mL. This was repeated for the

remaining four proteins. The protein solutions were then placed into the refrigerator for storage.

[00322] A standard curve was prepared with 1X PBS for each protein. The standard curve
started at 25 nM and a serial 2x dilution was performed to obtain the other tested concentrations, for
example one or more of 12.5 nM, 6.25 nM, 3.125 nM and 1.5625 nM. Further dilutions to 0.5 nM
were also prepared in some instances. The 12.5 nM solution prepared from the standard curve was

used for testing.
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[00323] Once the dilutions for all tested proteins were done, the standard curve for each
protein was prepared and tested as follows. 25 100-mL glass beakers were set into rows of 5. Each
beaker was wrapped in aluminum foil and labeled with the name of the protein the curve
corresponded to and the concentration of the solution in the beaker. Row 1 was the standard curve
for BSA; row 2, FBG; row 3, TFN; row 4, PrA; row 5, PrG. Therefore the first row was labeled as
follows: BSA 25 nM, BSA 12.5 nM, BSA 6.25 nM, BSA 3.125 nM, BSA 1.56 nM.

[00324] After a standard curve was made, it was tested using the microplate reader, then the

next standard curve was made and tested, and so on.

[00325] The BIOTEK® Synergy H1 microplate reader and BIOTEK Gen5® software were

used for analysis.

[00326] After the first standard curve was prepared, it was ready to be tested on the Synergy
H1. Using a 50-300 pL multichannel pipette, 200 pL of 1X PBS was pipetted into wells A1-A4 of a
black optical bottom microplate. Then, 200 pL of the 25 nM solution was pipetted into wells B1-B4,
200 puL of 12.5 nM solution was pipetted into wells C1-C4, 200 uL of 12.5 nM solution was pipetted
into wells D1-D4, 200 pL of 12.5 nM solution was pipetted into wells E1-E4, 200 pL of 12.5 nM
solution was pipctted into wells F1-F4, and 200 pL of 12.5 nM solution was pipctted into wells G1-

G4. A similar procedure was used to fill the wells with other dilutions of the protein solution.

[00327] Once the microplate was filled with solution, it was wrapped in aluminum foil and

the sections and time points were labeled.

[00328] After 1.5 hours, using a 50-300 pL multichannel pipette and poking through the
aluminum foil, 200 pL of BSA solution was pipetted from the wells in the 1.5 hr column (column 1)
and placed into a black optical bottom microplate. The black microplate was placed into the
microplate tray. The other four proteins were then read the same way by opening their corresponding
cxperiments. The same thing was donc after 2.5 hours, 4.5 hours and 24 hours. After the 24hr read,
“Plate » Export” was then selected from the menu bar. An excel spreadsheet will appear and can

then be saved in the desired location with the desired name.
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[00329] Using the data produced by the BIOTEK Gen5® software, the 12.5 nM solution
concentrations from both the standard curve and SPL1 were averaged. The concentrations in the 4
wells at 1.5 hr were averaged. This was then done for 2.5 hr, 4.5 hr and 24 hr also. The average
concentration at each time point was then divided by the average concentration of The 12.5 nM

solution from the beginning and multiplied by 100 to get a percent recovery at each time point:

% Recovery @ 1.5hr = [AVG. BSA 1.5 hr] /[AVG 12.5 nM solution] * 100
[00330] In another aspect, either embodiment (i) or (ii) is directed to methods of applying
non-specific biomolecule adsorption and/or binding resistant surface coatings characterized by e.g.,
non-binding properties with regard to biomolecules, to substrates using, for example, Chemical
Vapor Deposition (CVD). In any embodiment, the substrate can comprise glass or thermoplastic
resins such as a polymer, for example a polycarbonate polymer, an olefin polymer, a cyclic olefin
copolymer, a polypropylene polymer, a polyester polymer, a polyethylene terephthalatepolymer or a

combination of any two or more of these.

Non-specific Biomolecule Adsorption and/or Binding Resistant Coating

[00331] In its main aspect, either embodiment (i) or (ii) provides a non-specific biomolecule
adsorption and/or binding resistant surface coating of a vessel. This non-specific biomolecule
adsorption and/or binding resistant surface coating is advantageously made by carrying out the

methods as follows.

[00332] Surface modification may be done on, for example, the commercial products such as
a polypropylene microplate (NUNC, 96 well, 0.5 ml, round bottom) with varying conditions. For
example, either embodiment (i) or (i) may comprise two stages, i) substrate conditioning stage to
provide, for example, a hydroxylated plastic or SiOx-coated glass surfaces, ii) a copolymerization

stage, to yield the non-specific biomolecule adsorption and/or binding resistant surface coating.

[00333] The processes of either embodiment (i) or (ii) yield the non-specific biomolecule
adsorption and/or non-specific binding resistant surface coating. For example, the present invention
provides a method for providing a non-specific biomolecule adsorption and/or binding resistant
surface coating surface which exhibits the property of low- or non-binding of biomolecules. The

present invention also provides a method for providing a non-specific biomolecule adsorption and/or
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non-specific binding resistant surface coating surface which inhibits adsorption of biomolecules. In
preferred embodiments, the non-specific biomolecule adsorption and/or binding resistant coating
binds covalently to the prepared substrate, but may associate with the prepared substrate in other

ways.

Copolymerizable Siloxane Monomers

[00334] Embodiment (i) utilizes copolymerizable siloxane monomers such as, for example,
(3-acryloxypropyl) trimethoxysilane; methacryloxypropyltrimethoxysilane; n-(3-acryloxy-2-
hydroxypropyl) — 3 - aminopropyl triethoxysilane; o-(methacryloxyethyl)-n-(triethoxysilylpropyl)
urethane; n-(3-methacryloxy-2-hydroxypropyl) - 3 - aminopropyltriethoxysilane;
methacryloxymethyltriethoxysilane; methacryloxymethyl trimethoxysilane; methacryloxypropyl
triethoxysilane; (3-acryloxypropyl)methyl-dimethoxy silane; (methacryloxymethyl) methyl -
diethoxysilane; (methacryloxymethyl)methyl- dimethoxysilane; Methacryloxypropylmethyl
diethoxysilane; methacryloxypropylmethyl dimethoxysilane; Methacryloxypropyl

dimethylethoxysilane; methacryloxypropyldimethyl methoxysilane.

Copolymerizable Epoxy Monomers

[00335] Embodiment (ii)may utilize, for example, copolymerizable epoxy monomers. Non-
limiting examples of polymerizable epoxy monomers include glycidyl acrylate, glycidyl methacrylate
(GMA), (E)-(oxiran-2-yl)methyl but-2-enoate, (3,3-dimethyloxiran-2-yl)methyl methacrylate, (E)-
(oxiran-2-yl)methyl cinnamate, (oxiran-2-yl)methyl 2-methylenebutanoate, 1-(oxiran-2-yl)propyl
acrylate, 1-(oxiran-2-yl)ethyl methacrylate, (oxiran-2-yl)methyl 3-methyl-2-methylenebutanoate,
(oxiran-2-yl)methyl 2-methylenepentanoate, (3-methyloxiran-2-yl)methyl acrylate, 2-(oxiran-2-
yl)propan-2-yl acrylate, (oxiran-2-yl)methyl 2-methylenehexanoate, (3-methyloxiran-2-yl)methyl
methacrylate, and (3,3-dimethyloxiran-2-yl)methyl acrylate. These monomers may be used singly or

as a mixture thereof.

Silyl Amine Coupling Agents

[00336] Embodiment (ii) may utilize, silyl amine coupling agents. Non-limiting examples
include 3-Aminopropyltricthoxysilane, 3-Aminopropyltrimethoxysilane, 4-
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Aminobutyltriethoxysilane, M-Aminophenyltrimethoxysilane, P-Aminophenyltrimethoxysilane, O-

Aminophenyltrimethoxysilane, 3-Aminopropyltris(Methoxyethoxyethoxy)Silane, 11-
Aminoundecyltriethoxysilane, 3-(M-Aminophenoxy)Propyltrimethoxysilane,
Aminopropylsilanetriol, 3-Aminopropylmethyldiethoxysilane, 3-

Aminopropyldiisopropylethoxysilane, 3-Aminopropyldimethylethoxysilane, N-(2-Aminoethyl)-3-
Aminopropyltrimethoxysilane, N-[3-(Trimethoxysilyl)Propyl]Ethylenediamine, N-(2-Aminoethyl)-
3-Aminopropyltriethoxysilane, N-(6-Aminohexyl)Aminomethyltriethoxysilane, N-(6-
Aminohexyl)Aminopropyltrimethoxysilane, N-(2-Aminoethyl)-11-Aminoundecyltrimethoxysilane,
(Aminoethylaminomethyl)Phenethyltrimethoxysilane, N-3-[(Amino(Polypropylenoxy)]
Aminopropyltrimethoxysilane, N-(2-Aminoethyl)-3-Aminopropylsilanetriol, N-(2-
Aminoethyl)-3- Aminopropylmethyldimethoxysilane, N-(2-Aminoethyl)-3-
Aminoisobutylmethyldimethoxysilane, (Aminoethylamino)-3-Isobutyldimethylmethoxysilane, (3-
Trimethoxysilylpropyl)Diethylenetriamine, N-Butylaminopropyltrimethoxysilane, N-
Ethylaminoisobutyltrimethoxysilane, N-Methylaminopropyltrimethoxysilane, N-
Phenylaminopropyltrimethoxysilane, 3-(N-Allylamino)Propyltrimethoxysilane,
(Cyclohexylaminomethyl)Triethoxysilane, N-Cyclohexylaminopropyltrimethoxysilane, N-
Ethylaminoisobutylmethyldiethoxysilane, (Phenylaminomethyl)Methyldimethoxysilane, N-
Phenylaminomethyltriethoxysilane, N-Methylaminopropylmethyldimethoxysilane, Bis(2-
Hydroxyethyl)-3- Aminopropyltriethoxysilane, 3-(N-Styrylmethyl-2-Aminoethylamino)-
Propyltrimethoxysilane Hydrochloride, (2-N-Benzylaminoethyl)-3- Aminopropyl- Trimethoxysilane,

Bis(Triethoxysilylpropyl)Amine, Bis(Trimethoxysilylpropyl)Amine, Bis[(3-
Trimethoxysilyl)Propyl]- Ethylenediamine, Bis[(3-Trimethoxysilyl)Propyl]- Ethylenediamine,
Bis(Methyldiethoxysilylpropyl)Amine,  N-Allyl-Aza-2.2-Dimethoxysila- Cyclopentane, N-
Aminoethyl-Aza-2,2 4-Trimethyl-Silacyclopentane, = N-(3-Aminopropyldimethylsila)Aza- 2,2-
Dimethyl-2-Silacyclopentane, N-N-Butyl-Aza-2,2-Dimethoxysila- Cyclopentane, 2.2-Dimethoxy-
1,6-Diaza-2-Silacyclo- Octane, N-Methyl-Aza-2,2.4-Trimethylsila- Cylcopentane, and 1-(N-(IN',N'-
dimethylaminoethyl))-1-aza-2,2 4-trimethyl-2-silacyclopentane. These reagents may be used singly

or as a mixture thereof.
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Copolymerizable Zwitterionic Monomers

[00337] Either embodiment (i) or (ii) can utilize, for example, copolymerizable zwitterionic
monomers. Non-limiting examples of copolymerizable monomers include for example, 2-
(meth)acryloyloxyethyl-2'-(trimethylammonio)ethyl phosphate (MPC), 2-(methacryloxy)ethyl 2-
(trimethylammonio)ethyl phosphate (aka = 2-methacryloyloxyethyl phosphorylcholine; 2-
{(methacryloxy)ethyl-2-(dimethylammonio) ethylcarboxylate; 2-(methacryloxy) ethyl-2-
(dimethylammonio) propylsulfonate; 2-(methyacrylamido)ethyl-2-
(dimethylammonio)propylsulfonate; phosphoric acid 2-(methacryloyloxy)ethyl 2-
(trimethylammonio) ethyl ester); 3-(meth)acryloyloxypropyl-2'-(trimethylammonio)ethyl phosphate,
4-(meth)acryloyloxybutyl-2'-(trimethylammonio)ethyl phosphate 5-(meth)acryloyloxypentyl-2'-
(trimethylammonio)ethyl =~ phosphate,  6-(meth)acryloyloxyhexyl-2'-(trimethylammonio)ethyl
phosphate, 2-(meth)acryloyloxyethyl-2'-(trimethylammonio)ethyl phosphate, 2-
(meth)acryloyloxyethyl-2'-(tripropylammonio)ethyl  phosphate, 2-(meth)acryloyloxyethyl-2'-
(tributylammonio)ethyl  phosphate, 2-(meth)acryloyloxypropyl-2'-(trimethylammeonio)ethyl
phosphate, 2-(meth)acryloyloxybutyl-2'-(trimethylam monio)ethyl phosphate, 2-
(meth)acryloyloxypentyl-2'-(trimethylammonio)ethyl phosphate, 2-(meth)acryloyloxyhexyl-2'-
(trimethylammonio)ethyl  phosphate, 2-(meth)acryloyloxyethyl-3'-(trimethylammonio)propyl
phosphate, 3-(meth)acryloyloxypropyl-3'-(trimethylammonio)propyl phosphate, 4-
(meth)acryloyloxybutyl-3'-(trimethylammonio)propyl phosphate, 5-(meth)acryloyloxypentyl-3'-
(trimethylammonio)propyl phosphate, 6-(meth)acryloyloxyhexyl-3'-(trimethylammonio)propyl
phosphate, 2-(meth)acryloyloxyethyl-4'-(trimethylammonio)butyl phosphate, 3-
{(meth)acryloyloxypropyl-4'-(trimethylammonio)butyl phosphate, 4-(meth)acryloyloxybutyl-4'-
(rimethylammonio)butyl ~ phosphate, 5-(meth)acryloyloxypentyl-4'-(trimethylammonio)butyl
phosphate, 6-(meth)acryloyloxyhexyl-4'-(trimethylammonio)butyl phosphate, 2-(vinyloxy)ethyl-2'-
(trimethylammonio)ethyl phosphate, 2-(allyloxy)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-(p-
vinylbenzyloxy)ethyl-2'-(trimethylammonio)ethyl = phosphate, 2-(p-vinylbenzoyloxy)ethyl-2'-
(trimethylammonio)ethyl phosphate, 2-(styryloxy)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-(p-
vinylbenzyl)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-(vinyloxycarbonyl)ethyl-2'-

(trimethylammonio)ethyl ~ phosphate,  2-(allyloxycarbonyl)ethyl-2'-(trimethylammonio)ethyl
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phosphate, 2-(acryloylamino)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-
(vinylcarbonylamino)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-(allyloxycarbonylamino)ethyl-
2'-(trimethylammonio)ethyl phosphate, 2-(butyroyloxy)ethyl-2'-(trimethylammonio)ethyl phosphate,

2-(crotonoyloxy)ethyl-2'-(trimethylammonio)ethyl phosphate, ethyl-(2'-
trimethylammonioethylphosphorylethyl)fumarate, butyl-(2'-
trimethylammonioethylphosphorylethyl)fumarate, hydroxyethyl-(2'-
trimethylammonioethylphosphorylethyl)fumarate, beta-carboxyethyl-3,3-

dimethyammoniumethylmethacylate, and sulfopropyl-3,3-dimethyammoniumethylmethacylate.

These monomers may be used singly or as a mixture thereof.

[00338] Examples of radical polymerizable monomers useful in Embodiment (i) may also
include, for example, hydroxyalkyl(meth)acrylate monomers such as 2-hydroxyethyl(meth)acrylate
and 2-hydroxypropyl(meth)acrylate; polyalkylene glycol(meth)acrylate monomers such as diethylene
glycol mono(meth)acrylate, polyethylene glycol mono(meth)acrylate, polypropylene glycol
mono(meth)acrylate, methoxydiethylene glycol(meth)acrylate, methoxypolyethylene
glycol(meth)acrylate, and methoxypolypropylene glycol(meth)acrylate; .omega.-
carboxy(meth)acrylates such as phthalic acid monohydroxyethyl(meth)acrylate, hexahydrophthalic
acid monohydroxyethyl(meth)acrylate, .omega.-carboxy-polycaprolactone (n=2 (o 5)
mono(meth)acrylate, and (meth)acryloyloxyethyl succinate; N-vinyl-2-pyrrolidone, vinylpyridine,
(meth)acrylamide, (meth)acrylic acid, 2-acrylamide-2-methylpropanesulfonic acid,
dimethylaminoethyl(meth)acrylate, diethylaminoethyl(meth)acrylate, maleic anhydride, and glyco-2-
hydroxyethyl monomethacrylate (GEMA).

[00339] For Embodiment (i), the copolymer may be obtained, for example, by radical
polymerization of a monomer composition containing at least one monomer, and optionally one or
more monomers, in a solvent, optionally in the presence of a polymerization initiator. The radical
polymerization may be performed in a system replacing the atmosphere with an inert gas such as

nitrogen, argon, carbon dioxide, or helium.

[00340] For Embodiment (ii), the copolymer may be obtained, for example, by radical

polymerization of a monomer composition containing at least one copolymerizable zwitterionic
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monomer, optionally one or more copolymerizable zwitterionic monomers, and at least one
copolymerizable epoxy monomer, optionally one or more copolymerizable epoxy monomers in a
solvent, optionally in the presence of a polymerization initiator. The polymerization may be
performed in a system replacing the atmosphere with an inert gas such as nitrogen, argon, carbon

dioxide, or helium.

[00341] For either Embodiment (i) or (ii), there is no limitation as to the polymerization
initiator. A conventional polymerization initiator for radical polymerization may be used. Examples
of the initiators may include organic peroxides such as t-butyl peroxypivalate, t-butyl
peroxyneodecanoate, t-butyl peroxy-2-ethyl hexanoate, t-butyl peroxyacetate, 1,1,3,3-
tetramethylbutyl peroxy-2-ethylhexanoate, succinic acid peroxide, benzoyl peroxide, 3,5,5-trimethyl
hexanoyl peroxide, lauroyl peroxide, tert-Butyl hydroperoxide, tert-Butyl peracetate, Cumene
hydroperoxide, 2,5-Di(tert-butylperoxy)-2,5-dimethyl-3-hexyne, Dicumyl peroxide, 2,5-Bis(tert-
butylperoxy)-2,5-dimethylhexane, 2.4-Pentanedione peroxide, 1,1-Bis(tert-butylperoxy)-3,3,5-
trimethylcyclohexane, 1,1-Bis(tert-butylperoxy)cyclohexane, Benzoyl peroxide, 2-Butanone
peroxide, Di-tert-Butyl peroxide, Lauroyl peroxide, tert-Butyl peroxybenzoate, tert-Butylperoxy and
2-ethylhexyl carbonate;,; azo compounds such as 2,2'-azobisisobutyronitrile, 2,2'-azobis(2-
amidinopropane)dihydrochloride, dimethyl 2,2'-azobisisobutyralte, 2,2'-azobis(2,4-
dimethylvaleronitrile), 1,1'-azobis(cyclohexane-1-carbonitrile), 2,2'-azobis(2-methyl-N-(2-
hydroxyethyl)-propionamide, 4,4'-Azobis(4-cyanovaleric acid), 2,2'-Azobis(2-
methylpropionamidine) and 2,2'- Azobis(2-methylpropionitrile); inorganic radical initiators such as
potassium persulflate, sodium persullate, ammonium persullate, persullate-hydrogen sulfite system
and Hydroxymethanesulfinic acid. These polymerization initiators may be used singly or as a

mixture thereof.

[00342] For either Embodiment (i) or (ii), the amount of the polymerization initiator to be
used is desirably from 0.001 parts by weight to 10 parts by weight, and more preferably from 0.01
parts by weight to 5 parts by weight per 100 parts by weight of the total amount of the monomers.

[00343] For either Embodiment (i) or (ii) there is no particular limitation as to the solvent for

producing the copolymer so long as it is a solvent which dissolves the monomers serving as
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structural units of the copolymer, and does not react with the copolymer. The solvent may be a mixed
solvent. The solvent may be for example, water, methanol, ethanol, ethanol, isopropanol,
tetrahydrofuran, 1,4-dioxane, 1,2-dimethoxyethane, N,N-dimethylformamide, dimethylsulfoxide,

methylene chloride, 1,2-dicholorethane, and the like, or a combination thereof.

Substrate Surface Preparation

[00344] Either Embodiment (i) or (ii) provides for preparation of a substrate surface to yield a
prepared substrate surface. The prepared substrate surface may be prepared by, for example, oxygen
plasma treatment on the plain surface of a vessel to provide an hydroxylated plastic surface, such as,
for example, a polypropylene microplate. For Embodiment (i), alternatively, in certain
embodiments, a hydroxyl-functional surface can be (A) formed, e.g., from O2/plasma reaction onto a
carbon-based polymer surface (AC), forming C-OH moieties, or onto a silicon-based (SiO2 or
silicone) surface (ASi), forming Si-OH moieties. Additionally, hydroxyl-functional surfaces can be
(B) inherent to the nascent surface, e.g., polymers such as polyvinyl alcohol (PVOH) or silicon-based
polymer surfaces (SiO2 or silicones). Thus the O2/plasma surface preparation method can be

optional if inherent hydroxyl moieties are present on the surface.

[00345] Either Embodiment (i) or (ii) provides for preparation of a substrate surface by, for
example, SiOx deposition to form a SiOx-coated glass surface. The SiOx coated surface may be
prepared by, for example, plasma enhanced chemical vapor deposition (PECVD). PECVD apparatus
and methods for depositing any of the coatings defined in this specification, for example the coatings
comprising silicon, oxygen, and optionally carbon, are disclosed, for example, in W0O2013/071138,

published May 16, 2013, which is incorporated here by reference.

[00346] Another example of a chemical vapor deposition process useful in any embodiment,
which is a type of PECVD, is plasma impulse chemical vapor deposition (PICVD). Suitable
equipment and processing conditions for PICVD can be found, for example, in US7399500.

[00347] Another example of a chemical vapor deposition process useful in any embodiment
is pulsed plasma enhanced chemical vapor deposition (PPECVD). Suitable equipment and
processing conditions for PPECVD can be found, for example, in S.J.Limb, K.K.S.Lau, D.J.Edell,

E.F.Gleason, K.K.Gleason, Molecular Design Of Fluorocarbon Film Architecture By Pulsed Plasma
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Enhanced And Pyrolytic Chemical Vapor Deposition, PLASMA POLYMERIZATION 4 1999 21—

32, which is incorporated here by reference.

[00348] Another example of a chemical vapor deposition process useful in either
Embodiment (i) or (i1) is pyrolytic chemical vapor deposition (PCVD). Suitable equipment and
processing conditions for PCVD can be found, for example, in S.J.Limb, K.K.S.Lau, D.J.Edell,
E.F.Gleason, K.K.Gleason, Molecular Design Of Fluorocarbon Film Architecture By Pulsed Plasma
Enhanced And Pyrolytic Chemical Vapor Deposition, PLASMA POLYMERIZATION 4 1999 21—

32, which is incorporated here by reference.

[00349] Another example of a chemical vapor deposition process useful in Embodiment (i)
is pyrolysis of a precursor, for example of hexafluoropropylene oxide. Suitable equipment and
processing conditions for pyrolysis can be found, for example, in J. Wang, X. Song, R. lia, J. Shen,
G. Yang, H. Huang, Fluorocarbon Thin Film With Superhydrophobic Property Prepared By Pyrolysis
Of Hexafluoropropylene Oxide, APPLIED SURFACE SCIENCE 258 2012 9782-9785, which is

incorporated here by reference.

[00350] Preferably in either Embodiment (i) or (ii), PECVD is used to generate a barrier
layer on a substratc to result in a coated surface having low- or non-binding propertics and/or
biomolecule adsorption resistance. Methods of applying coatings using PECVD are taught in U.S.

Pat. No. 7,985,188, which is herein incorporated by reference in its entirety.

[00351] In the context of either Embodiment (i) or (ii), the following PECVD method is
generally applied to provide the initial barrier layer, which comprises the following steps: (a)
providing a gaseous reactant comprising a precursor, in the case of Embodiment (i), or silyl amine
coupling agent, in the case of Embodiment (ii), each as defined herein, and optionally O2 in the
vicinity of the substrate surface; and (b) generating a plasma from the gaseous reactant, thus forming
a coating on the substrate surface by plasma enhanced chemical vapor deposition (PECVD). In one
aspect of Embodiment (i), the barrier coating may be either silazane or siloxane. In one aspect of

Embodiement (ii), the barrier coating will be silyl amine.
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[00352] In PECVD methods of either Embodiment (i) or (ii), the coating characteristics are
advantageously set by one or more of the following conditions: the plasma properties, the pressure
under which the plasma is applied, the power applied to generate the plasma, the presence and
relative amount of O2 in the gaseous reactant, the plasma volume, and the precursor, in the case of
Embodiment (i), or silyl amine coupling agent, in the case of Embodiment (ii). Optionally, the
coating characteristics are set by the presence and relative amount of O2 in the gaseous reactant

and/or the power applied to generate the plasma.

[00353] In a further preferred aspect of either Embodiment (i) or (i1), the plasma is generated
at reduced pressure (as compared to the ambient or atmospheric pressure). Optionally, the reduced

pressure is less than 300 mTorr, optionally less than 200 mTorr, even optionally less than 100 mTorr.

[00354] The PECVD of either Embodiment (i) or (ii) optionally is performed by energizing
the gaseous reactant containing the precursor with electrodes powered at a frequency at microwave
or radio frequency, and optionally at a radio frequency. The radio frequency preferred to perform an
embodiment will also be addressed as “RF frequency”. A typical radio frequency range for
performing the present invention is a frequency of from 10 kHz to less than 300 MHz, optionally
from 1 to 50 MHz, even optionally from 10 to 15 MHz. A frequency of, for example, 13.56 MHz, is
preferred, this being a government sanctioned frequency for conducting PECVD work. The present

invention may be practiced at other frequencies, such as, for example, 27.12 MHz, or 40.68MHz.

[00355] For either Embodiment (i) or (ii), there are several advantages for using a RF power
source versus a microwave source: Since RF operates at a lower power, there is less heating of the
substrate/vessel. Because the focus of the present invention is putting a plasma coating on plastic
substrates, lower processing temperatures are desired to prevent melting/distortion of the substrate.
To prevent substrate overheating when using microwave PECVD, the microwave PECVD is applied
in short bursts, by pulsing the power. The power pulsing extends the cycle time for the coating,
which is undesired in the present invention. The higher frequency microwave can also cause off-
gassing of volatile substances like residual water, oligomers and other materials in the plastic
substrate. This off-gassing can interfere with the PECVD coating. A major concern with using

microwave for PECVD is delamination of the coating from the substrate. Delamination occurs
-112-

210/300



WO 2017/087032 PCT/US2016/037674

because the microwaves change the surface of the substrate prior to depositing the coating layer. To
mitigate the possibility of delamination, interface coating layers have been developed for microwave
PECVD to achieve good bonding between the coating and the substrate. No such interface coating
layer is needed with RF PECVD as there is no risk of delamination. Finally, the barrier layer
according to the present invention are advantageously applied using lower power. RF power operates
at lower power and provides more control over the PECVD process than microwave power.
Nonetheless, microwave power, though less preferred, is usable under suitable process conditions,

such as frofor example from between 300 MHz and 300 GHz.

[00356] Furthermore, for all PECVD methods described herein of either Embodiment (i) or
(i1), there is a specific correlation between the power (in Watts) used to generate the plasma and the
volume of the lumen wherein the plasma is generated. Typically, the lumen is the lumen of a vessel
coated according to the present invention. The RF power should scale with the volume of the vessel
if the same electrode system is employed. Once the composition of a gaseous reactant, for example
the ratio of the precursor to O2, and all other parameters of the PECVD coating method but the
power have been set, they will typically not change when the geometry of a vessel is maintained and
only its volume is varied. In this case, the power will be directly proportional to the volume. Thus,
starting [rom the power Lo volume ratios provided by present description, the power which has to be
applied in order to achieve the same or a similar coating in a vessel of same geometry, but different

size, can easily be found.

[00357] A precursor is provided for Embodiment (i). Preferably, said precursor is an
organosilicon compound (in the following also designated as "organosilicon precursor"), more
preferably an organosilicon compound selected from the group consisting of, for example, a linear
siloxane, a monocyclic siloxane, a polycyclic siloxane, a polysilsesquioxane, an alkyl
trimethoxysilane, a trialkoxy silane, a silazane analogue of any of these precursors (i.e., a linear
silazane, a monocyclic silazane, a polycyclic silazane, a polysilsesquioxazane), a silazane, a
trimethylsilazane, a trialkylsilazane, a tetramethylsilazane, and a combination of any two or more of

these precursors. The precursor is applied to a substrate under conditions effective to form a barrier
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coating by, for example, PECVD. The precursor is thus polymerized, crosslinked, partially or fully

oxidized, or any combination of these.

[00358] In a further aspect of either Embodiment (i) or (ii), the coating is a barrier coating,
for example an SiOx coating. Typically, the barrier coating is a barrier against a gas or liquid,
preferably against water vapor, oxygen and/or air. The barrier may also be used for establishing
and/or maintaining a vacuum inside a vessel coated with the barrier coating, e.g. inside a blood

collection tube.

[00359] The method of Embodiment (i) may comprise the application of one or more
coatings made by PECVD from the same or different organosilicon precursors under the same or
different reaction conditions. E.g. a vessel may first be coated with an SiOx barrier coating using

hexamethyldisiloxane (HMDSO) as organosilicon precursor.

[00360] The method of Embodiment (ii) may comprise the application of one or more
coatings made by PECVD from the same or different silyl amine coupling agents under the same or
different reaction conditions. E.g. a vessel may first be coated with an SiOx barrier coating using

hexamethyldisiloxane (HMDSO) followed by coating with a silyl amine coupling agent.

Substrate Surface
[00361] For either Embodiment (i) or (ii), the non-specific biomolecule adsorption and/or
binding resistant coating may be applied to a substrate surface, e.g. a vessel wall or a part thereof,
which may be glass, or which is a thermoplastic material, which comprises, for example: an olefin
polymer; polypropylene (PP); polyethylene (PE); cyclic olefin copolymer (COC); cyclic olefin
polymer (COP); polymethylpentene; polyester; polyethylene terephthalate; polyethylene naphthalate;
polybutylene terephthalate (PBT); PVdC (polyvinylidene chloride); polyvinyl chloride (PVC);
polycarbonate; polymethylmethacrylate; polylactic acid; polylactic acid; polystyrene; hydrogenated
polystyrene; poly(cyclohexylethylene) (PCHE); epoxy resin; nylon; polyurethane polyacrylonitrile;
polyacrylonitrile (PAN); an ionomeric resin; Surlyn® ionomeric resin; glass; borosilicate glass; or a

combination of any two or more of these.

Coated Vessels
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[00362] The article coated with the non-specific biomolecule adsorption and/or binding
resistant surface coating for either Embodiment (i) or (i1) may be a vessel having the non-specific
biomolecule adsorption and/or binding resistant surface coating on a wall, preferably on the interior
wall, e.g. a syringe barrel, or a vessel part or vessel cap having said coating on the vessel contacting
surface, e.g. a syringe plunger or a vessel cap. The present invention further provides the coating
resulting from the method as described above, a surface coated with said coating, and a vessel coated

with said coating.

[00363] A "vessel” in the context of either Embodiment (i) or (ii) is a subset exemplary of the
broader set of e.g., laboratory ware and medical devices. A vessel per se can be any type of article
that is adapted to contain or convey a material. The material can be aliquid, a gas, a solid, or any two
or more of these. One example of a vessel is an article with at least one opening and a wall defining
an interior contact surface. Optionally, at least a portion of the interior contact surface defines a
"contact surface" which is treated according to the present disclosure. The term "at least” in the
context of the present invention means "equal or more" than the integer following the term. Thus, a

vessel in the context of the present invention has one or more openings.

[00364] One or two openings, like the openings of a sample tube (one opening) or a syringe
barrel (two openings) are preferred for either Embodiment (i) or (ii). If the vessel has two or more
openings, they can be of same or different size. If there is more than one opening, one opening can be
used for the gas inlet for a functionalized barrier coating method according to the present invention,

while the other openings are either capped or open.

[00365] A vessel according to either Embodiment (i) or (ii) can be a sample tube, e.g. for
collecting or storing biological fluids like blood or urine, a syringe (or a part thereof, for example a
syringe barrel) for storing or delivering a biologically active compound or composition, e.g., a
medicament or pharmaceutical composition, a vial for storing biological materials or biologically
active compounds or compositions, a pipe, e.g., a catheter for transporting biological materials or
biologically active compounds or compositions, or a cuvette for holding fluids, e.g., for holding

biological materials or biologically active compounds or compositions.
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[00366] A vessel of either Embodiment (i) or (ii) can be of any shape. One example of a
vessel has a substantially cylindrical wall adjacent to at least one of its open ends. Generally, the
interior wall of a vessel of this type is cylindrically shaped, like, e.g. in a sample tube or a syringe
barrel. Sample tubes and syringes or their parts (for example syringe barrels), vials, and petri dishes,

which commonly are generally cylindrical, are contemplated.

[00367] Some other non-limiting examples of contemplated vessels for either Embodiment
(1) or (i1) include well or non-well slides or plates, for example titer plates or microtiter plates. Still
other non-limiting examples of contemplated vessels include pump contact surfaces in contact with
the pumped material, including impeller contact surfaces, pump chamber contact surfaces and the
like. Even other non-limiting examples of contemplated vessels include parts of an fluid
containment, pumping, processing, filtering, and delivery system, such as an intravenous fluid
delivery system, a blood processing system (such as a heart-lung machine or a blood component
separator) a dialysis system, or an insulin delivery system, as several examples. Examples of such
vessel parts are tubing, pump interior contact surfaces, drug or saline containing bags or bottles,
adapters and tubing connectors for connecting parts of the system together, intravenous needles and
needle assemblies, membranes and filters, etc. Other examples of vessels include measuring and

delivery devices such as pipelles, pipette tips, Erlenmeyer (lasks, beakers, and graduated cylinders.

[00368] Either Embodiment (i) or (ii) further has application to any contact surfaces of
devices used or usable in contact with pharmaceutical preparations or other materials, such as
ampoules, vials, syringes, bottles, bags, or other containment vessels, stirring rods, impellers, stirring

pellets, etc., also within the definition of "contact surfaces."

[00369] Either Embodiment (i) or (ii) further has application to any contact surfaces of
devices used or usable in contact with biomolecules or solutions of biomolecules, such as ampoules,
vials, syringes, bottles, bags, or other containment vessels, stirring rods, impellers, stirring pellets,

etc., also within the definition of "contact surfaces.”

[00370] Some specific medical devices and laboratory ware having fluid or tissue contacting
surfaces that can be treated according to either Embodiment (i) or (ii) follow: agar petri dishes; blood

culture devices; blood sample cassettes; blood sampling systems; bottles; capillary blood collection
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devices; catheters; cell lifters; cell scrapers; cell spreaders; centrifuge components; collection and
transport devices; containers; cover glasses; cryo/freezer boxes; depression microscopic slides; direct
testing and serology devices; flat microscopic slides; microbiology equipment and supplies;
microbiology testing devices; microscopic slides; molecular diagnostics devices; petri dishes;
pipettes; pipette tips; sample collection containers; sample collection tubes; sample
collection/storage devices; shaker flasks; Erlenmeyer flasks; beakers; graduated cylinders; and

syringes.

[00371] Either Embodiment (i) or (ii) provides vessels treated with the functionalized barrier
coating of the instant invention in which the article comprises, for example, at least one of the
following: a microplate; a centrifuge tube; a pipette tip; a pipette, a microwell plate; an ELISA plate;
a microtiter plate; a 96-well plate; a 384-well plate; a 1536-well plate; a round bottom flask; a

beaker; a graduated cylinder; and an Erlenmeyer flask

[00372] A "vessel” in the context of either Embodiment (i) or (ii) can be any type of vessel
with at least one opening and a wall defining an interior surface. The substrate can be the inside wall
of a vessel having a lumen. Though the invention is not necessarily limited to vessels of a particular
volume, vessels are contemplated in which the lumen has a void volume of, for example, from 0.5 to
50 mL, optionally from 1 to 10 mL, optionally from 0.5 to 5 mL, optionally from 1 to 3 mL. The
substrate surface can be part or all of the inner surface ot a vessel having at least one opening and an

inner surface.

Coating of a Vessel

[00373] When a vessel is coated by the above coating method of either Embodiment (i) or
(i1), the coating method comprises several steps. A vessel is provided having an open end, a closed
end, and an interior surface. Surface modification may be done on, for example, the commercial
products such as a polypropylene microplate (NUNC, 96 well, 0.5 ml, round bottom) with varying
conditions. For example, the process may comprise, for example, two stages, i) substrate
conditioning stage to provide, for example, a hydroxylated plastic or SiOx-coated glass surfaces, ii)
an copolymerization reagent stage, to yield the non-specific biomolecule adsorption and/or non-
specific binding resistant surface coating.
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[00374] Preferably, the method either Embodiment (i) or (ii) is performed by seating the open
end of the vessel on a vessel holder, establishing a sealed communication between the vessel holder
and the interior of the vessel. In this preferred aspect, the gaseous reactant is introduced into the
vessel through the vessel holder. In a particularly preferred aspect, a plasma enhanced chemical
vapor deposition (PECVD) apparatus comprising a vessel holder, an inner electrode, an outer

electrode, and a power supply is used for the coating method according to the present invention.

[00375] The vessel holder of either Embodiment (i) or (ii) has a port to receive a vessel in a
seated position for processing. The inner electrode is positioned to be received within a vessel seated
on a vessel holder. The outer electrode has an interior portion positioned to receive a vessel seated on
the vessel holder. The power supply feeds alternating current to the inner and/or outer electrodes to
form a plasma within the vessel seated on the vessel holder. Typically, the power supply feeds
alternating current to the outer electrode while the inner electrode is grounded. In this embodiment,

the vessel defines the plasma reaction chamber.

[00376] In some embodiments of either Embodiment (1) or (i1), the vessel is immersed in a

copolymer solution prepared as described in US 6828028.

[00377] In cither Embodiment (i) or (ii), a substratc can optionally be placed in a reaction
chamber, a vacuum is drawn on the reaction chamber, and a gas comprising oxygen is added to the
reaction chamber. A plasma is generated from the gas, optionally with heating to form the prepared

substrate surface.

[00378] In Embodiment (i), the prepared surface is then treated with a copolymer solution
comprising a solvent and at least one zwitterionic copolymer. In Embodiment (ii), the prepared
surface is then reacted with a vapor comprising at least one silyl amine coupling agent, optionally in
the presence of oxygen, optionally with heating to form an amine functionalized substrate surface. In
Embodiment (ii), the amine functionalized substrate surface is then treated with a copolymer
solution comprising a solvent and at least one copolymerizable zwitterionic monomer and at least
one copolymerizable epoxy monomer, optionally in the presence of a polymerization initiator. In
either Embodiment (i) or (ii), an optional next step is heating, removing the copolymer solution, and

optionally drying the non-specific biomolecule adsorption and/or non-specific binding resistant
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coated surface, optionally heating the substrate surface, thus forming a non-specific biomolecule

adsorption and/or non-specific binding resistant coated surface.

[00379] Optionally in Embodiment (i), a substrate is placed in a reaction chambers, a vacuum
is drawn on the reaction chamber, and a gas comprising an organosilicon precursor and optionally
containing oxygen is added to the reaction chamber. A plasmais generated from the gas by plasma
enhanced chemical vapor deposition (PECVD), optionally with radiofrequency irradiation, optionally
with microwave irradiation, optionally with heating to form the prepared substrate surface. The
prepared surface is then treated with a copolymer solution comprising a solvent and at least one
zwitterionic copolymer, optionally with heating, optionally waiting, removing the copolymer
solution, and optionally drying the non-specific biomolecule adsorption and/or non-specific binding
resistant coated surface, optionally heating the substrate surface, thus forming a non-specific

biomolecule adsorption and/or non-specific binding resistant coated surface.

[00380] Optionally in Embodiment (ii), a substrate that is a SiOx-coated glass surface is
placed in a reaction chambers, a vacuum is drawn on the reaction chamber, and a gas comprising
oxygen is added to the reaction chamber. A plasma is generated from the gas by plasma enhanced
chemical vapor deposition (PECVD), optionally with radiofrequency irradiation, optionally with
microwave irradiation, optionally with heating to form the prepared substrate surface. The prepared
surface is then reacted with a vapor comprising at least one silyl amine coupling agent, optionally in
the presence of oxygen, optionally with heating to form an amine functionalized substrate surface.
The amine functionalized substrate surface is then treated with a copolymer solution comprising a
solvent and at least one copolymerizable zwitterionic monomer and at least one copolymerizable
epoxy monomer, optionally in the presence of a polymerization initiator, optionally with heating,
optionally waiting, removing the copolymer solution, and optionally drying the non-specific
biomolecule adsorption and/or non-specific binding resistant coated surface, optionally heating the
substrate surface, thus forming a non-specific biomolecule adsorption and/or non-specific binding

resistant coated surface.

[00381] In some embodiments, a substrate is placed in a reaction chambers, a vacuum is

drawn on the reaction chamber, and a gas comprising an organosilicon precursor and optionally

-119-

217/300



WO 2017/087032 PCT/US2016/037674

containing oxygen, in the case of Embodiment (i) or a gas comprising oxygen, in the case of
Embodiment (i1), is added to the reaction chamber. In either Embodiment (i) or (ii), a plasma is
generated from the gas by pulsed plasma enhanced chemical vapor deposition (PPECVD), optionally
with radiofrequency irradiation, optionally with microwave irradiation, optionally with heating to
form the prepared substrate surface. In Embodiment (ii), the prepared substrate surface is then
reacted with a vapor comprising at least one silyl amine coupling agent, optionally in the presence of
oxygen, optionally with heating to form an amine functionalized substrate surface. The amine
functionalized substrate surface is then treated with a copolymer solution comprising a solvent and at
least one copolymerizable zwitterionic monomer and at least one copolymerizable epoxy monomer,
optionally in the presence of a polymerization initiator, optionally with heating, optionally waiting,
removing the copolymer solution, and optionally drying the non-specific biomolecule adsorption
and/or non-specific binding resistant coated surface, optionally heating the substrate surface, thus

forming a non-specific biomolecule adsorption and/or non-specific binding resistant coated surface.

[00382] Optionally in Embodiment (i) or (ii), a substrate is placed in a reaction chambers, a
vacuum is drawn on the reaction chamber, and a gas comprising oxygen is added to the reaction
chamber. A plasma is generated from the gas by pyrolytic chemical vapor deposition (PCVD),
optionally with radiofrequency irradiation, optionally with microwave irradiation, optionally with
heating to form the prepared substrate surface. In Embodiment (i), the prepared surface is then
treated with a copolymer solution comprising a solvent and at least one zwitterionic copolymer. In
Embodiment (i1), the prepared substrate surface is then reacted with a vapor comprising at least one
silyl amine coupling agent, optionally in the presence ol oxygen, optionally with heating (o form an
amine functionalized substrate surface. The amine functionalized substrate surface is then treated
with a copolymer solution comprising a solvent and at least one copolymerizable zwitterionic
monomer and at least one copolymerizable epoxy monomer, optionally in the presence of a
polymerization initiator, optionally with heating, optionally waiting, removing the copolymer
solution, and optionally drying the non-specific biomolecule adsorption and/or non-specific binding
resistant coated surface, optionally heating the substrate surface, thus forming a non-specific

biomolecule adsorption and/or non-specific binding resistant coated surface.
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[00383] Optionally in Embodiment (ii), a substrate is placed in a vacuum plasma reactor, the
vacuum plasma reactor is evacuated, and then gas comprising oxygen, optionally containing argon,
optionally containing nitrogen is added. The gas is then irradiated with RF frequency energy. The
irradiation is terminated and the substrate is exposed to a vapor comprising at least one silyl amine
coupling agent to provide an amine modified substrate. The amine modified substrate surface is then
treated with a copolymer solution comprising a solvent and at least one copolymerizable zwitterionic
monomer and at least one copolymerizable epoxy monomer, optionally in the presence of a
polymerization initiator, optionally with heating, optionally waiting, removing the copolymer
solution, and optionally drying the non-specific biomolecule adsorption and/or non-specific binding
resistant coated surface, optionally heating the substrate surface, thus forming a non-specific

biomolecule adsorption and/or non-specific binding resistant coated surface.

[00384] Optionally in Embodiment (ii), a substrate that is a SiOx-coated glass surface is
placed in a vacuum plasma reactor, the vacuum plasma reactor is evacuated, and then gas comprising
oxygen, optionally containing argon, optionally containing nitrogen is added. The gas is then
irradiated with RF frequency energy. The irradiation is terminated and the substrate is exposed to a

vapor comprising at least one silyl amine coupling agent to provide an amine modified substrate.

[00385] The amine modified substrate surface is then treated with a copolymer solution
comprising a solvent and at least one copolymerizable zwitterionic monomer and at least one
copolymerizable epoxy monomer, optionally in the presence of a polymerization initiator. In either
Embodiment (i) or (ii), the process optionally continues with heating, removing the copolymer
solution, and optionally drying the non-specific biomolecule adsorption and/or non-specific binding
resistant coated surface, optionally heating the substrate surface, thus forming a non-specific

biomolecule adsorption and/or non-specific binding resistant coated surface.

[00386] Optionally in Embodiment (i), a substrate is placed in a reaction chambers, a vacuum

is drawn on the reaction chamber, and a gas comprising an organosilicon precursor and optionally

containing oxygen is added to the reaction chamber. The prepared surface is then treated with a

copolymer solution comprising a solvent and at least one zwitterionic copolymer, optionally with

heating, optionally waiting, removing the copolymer solution, and optionally drying the non-specific
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biomolecule adsorption and/or non-specific binding resistant coated surface, optionally heating the
substrate surface, thus forming a non-specific biomolecule adsorption and/or non-specific binding

resistant coated surface.

[00387] The invention will be illustrated in more detail with reference to the following

Examples, but it should be understood that the present invention is not deemed to be limited thereto.

EXAMPLES
Example 1 of the first more detailed embodiment
[00388] Polypropylene 96-well microplates were plasma treated according to an optional
aspect of the first more detailed embodiment. The process used to treat the microplates used a radio-
frequency (RF) plasma system. The system had a gas delivery input, a vacuum pump and RF power
supply with matching network. The microplates were oriented facing away from and shielded from
the plasma along the perimeter of the chamber. These details are illustrated in Fig. 2. The shielding
resulted in remote plasma treatment in which the ratio between the radiant density at the remote
points on the surfaces of the microplates and the brightest point of the plasma discharge was less

than 0.25.

[00389] The two step remote conversion plasma process used according to this non-limiting

example is summarized in Table 2 of the first more detailed embodiment:

-122-

220/300



WO 2017/087032 PCT/US2016/037674

Table 2 — Process parameters for plasma treatment per Example 1
of the first more detailed embodiment

Process Steprl- ' ' Process Step 2- conversion
_Conditioning Plasma__ : plasma g
Power (W) 500 . Power (W) £ 500
- Time (minutes) 5 Time (minutes) 3
Pressure (mTorr) (50 Pressurc (mTorr) | 80-120
[00390] The biomolecule binding resistance resulting from this remote conversion plasma

process of the first more detailed embodiment on the surface of the treated microplates was analyzed
by carrying out the Testing of All Embodiments. The percent recovery is the percentage of the
original concentration of the protein remaining in solution, i.e., which did not bind to the surface of a

microplate.

[00391] In this testing, samples of three different types of microplates were tested for percent
recovery. The samples included: (1) unconditioned and unconverted polypropylene microplates
(“Unconditioned and unconverted” samples); (2) polypropylene microplates molded by SiO2
Medical Products and converted according to the first more detailed embodiment described in
Example 1 of this specification (“SIO” samples); and (3) Eppendorf LoBind brand microplates
(“Eppendorf LoBind” samples). The bar chart in Fig. 3 shows the results of this comparative testing.
As Fig. 3 of the first more detailed embodiment illustrates, the converted SiO2 plates had a 60%
increase in biomolecule recovery compared to the Unconditioned and unconverted Samples and an 8-

10% increase in biomolecule recovery compared to the Eppendorf LoBind samples.

[00392] Accordingly, remote conversion plasma treatment according to the first more
detailed embodiment has been demonstrated to result in lower biomolecule adhesion (or the inverse,
higher biomolecule recovery) than other known methods. In fact, the comparative data of the Si02
samples and the Eppendorf LoBind samples were particularly surprising, since Eppendorf LoBind
has been considered the industry standard in protein resistant labware. The SiO2 plates’ 8-10%
increase in efficacy compared to the Eppendorf LoBind samples represents a marked improvement

compared to the state of the art.

-123-

221/300



WO 2017/087032 PCT/US2016/037674

Example 2 of the first more detailed embodiment

[00393] In this example of the first more detailed embodiment, the SiO2 plates of Example 1
were compared to the same microplates that were converted with same process steps and conditions
as the SIO, except (and this is an important exception), the second samples were treated with direct
plasma instead of remote conversion plasma (the “Direct Plasma’ samples). Surprisingly, as shown
in Fig. 4, the Direct Plasma samples had a biomolecule recovery percentage after 24 hours of 72%,
while the Si02 plates (which were treated under the same conditions/process steps except by remote
conversion plasma) had a biomolecule recovery percentage after 24 hours of 90%. This remarkable
step change demonstrates the unexpected improvement resulting solely from use of remote

conversion plasma of the first more detailed embodiment in place of direct plasma.
Example 3 of the first more detailed embodiment

[00394] In this example of the first more detailed embodiment, the SIO samples of Example
1 were compared to the same microplates that were treated with only the conditioning step of the
method of the first more detailed embodiment (i.e., the non-polymerizing compound plasma step or
conditioning plasma treatment) without the second treatment step (water vapor plasma step or
conversion plasma trcatment) (“*Step 1 Only” samplces). As shown in Fig. 5, Step 1 Only samples had
a biomolecule recovery percentage after 24 hours at about 25°C (the aging of all protein samples in
this specification is at 25°C unless otherwise indicated) of 50%, while the SiO2 plates (which were
treated under the same conditions/process steps except also by remote conversion plasma) had a
biomolecule recovery percentage after 24 hours of 90%. Accordingly, using both steps of the method
according to embodiments of the first more detailed embodiment results in significantly improved

biomolecule recovery percentage than using only the conditioning step alone.
Example 4 (prophetic) of the first more detailed embodiment

[00395] A further contemplated optional advantage of the first more detailed cmbodiment is
that it provides high levels of resistance to biomolecule adhesion without a countervailing high
extractables profile. For example, Eppendorf LoBind® labware is resistant to biomolecule adhesion

by virtue of a chemical additive, which has a propensity to extract from the substrate and into a
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solution in contact with the substrate. By contrast, the first more detailed embodiment does not rely
on chemical additives mixed into a polymer substrate to give the substrate its biomolecule adhesion
resistant properties. Moreover, processes according to the first more detailed embodiment do not
result in or otherwise cause compounds or particles to extract from a treated substrate. It has further
been determined that the pH protective process described in this disclosure does not result in or

otherwise cause compounds or particles to extract from a converted surface.

[00396] Accordingly, in one optional aspect, the disclosed technology (in the first more
detailed embodiment described herein) relates to a method for treating a surface, also referred to as a
material or workpiece, to form a converted having a biomolecule recovery percentage of the surface
before conversion treatment, and in which any conditioning or conversion treatment does not
materially increase the extractables profile of the substrate. Applicants contemplate that this would
bear out in actual comparative tests between the unconditioned and unconverted surface and the

converted surface.

Example 5 of the first more detailed embodiment
[00397] A test similar to Example 1 of the first more detailed embodiment was carried out to
comparc thc biomolecule rccovery from unconditioned and unconverted polypropylene (UTPP)
laboratory beakers, remote conversion plasma treated polypropylene (TPP) laboratory beakers
according to the first more detailed embodiment, and unconditioned and unconverted glass
laboratory beakers. The biomolecules used were 12 nM dispersions of lyophilized BSA, FBG, TFN,
PrA, and PrG.

[00398] In a first trial of the first more detailed embodiment, the biomolecule dispersion was
made up in the beaker and aspirated several times to mix it. The biomolecule recovery was measured
in relative fluorescence units (RFU). The initial RFU reading (0 min) was taken to establish a 100%
recovery baseline, then the biomolecule dispersion in the beaker was stirred for 1min with a pipet tip,
after which it was allowed to remain on the laboratory bench undisturbed for the remainder of the
test. The biomolecule recovery was measured initially, and then a sample was drawn and measured

for percentage biomolecule recovery at each 5-minute interval. The results are shown in Table 3.
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Table 3 — Polypropylene beaker trial of the first more detailed embodiment

UTPP BSA

UTPP FBG

UTPP TFN

UTPP PrA

UTPP PrG

Time (min)| %R

%R

Time (min) |

Time (min) [ %R

Time (min) [ %R

Time (min)[ %R

0 :

0 :

0 :

0 ?

0 :

TPP BSA

TPP PrA

Time (min)| %R

[00399]

A second trial of the first more detailed embodiment, with results shown in Table 4,

was carried out in the same manner as the first trial except that glass beakers, not treated according to

the first more detailed embodiment, were used as the substrate.

Table 4 — Glass beaker trial of the first more detailed embodiment

Glass BSA

Glass FBG

Glass TFN

Glass PrA

Glass PrG

Time (min)| %R

Time (min)[ %R

Time (min)[ %R

Time (min)[ %R

Time (min)[ %R

0 :

0

0 :
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[00400] Fig. 9 of the first more detailed embodiment plots the TEN results in Tables above,
showing plots 34 for the unconditioned and unconverted polypropylene beaker, 36 for the treated
polypropylene beaker, and 38 for glass. As Fig. 9 shows, the treated polypropylene beaker provided
the highest biomolecule recovery after 10 to 30 minutes, glass produced a lower biomolecule
recovery after 10 to 30 minutes, and the unconditioned and unconverted polypropylene beaker

provided the lowest biomolecule recovery at all times after the initial measurement.
Example 6 of the first more detailed embodiment

[00401] A test similar to Example 1 of the first more detailed embodiment was carried out to
compare the biomolecule recovery from multiwell polypropylene plates of two types, versus protein
concentration, after 24 hours of contact between the protein and the plate. “Si0O2” plates were
molded from polypropylene and plasma treated according to Example 1. “CA” (Competitor A)
plates were commercial competitive polypropylene plates provided with a coating to provide reduced
non-specific protein binding.

[00402] The results are provided in Table 5 and FIGS. 11-13 showing that essentially all the
protein of cach typc was recovered from the converted S102 plates at all tested concentrations, so the

recovery was independent of concentration. In contrast, the protein recovery from the CA plates

depended strongly on the concentration, particularly at lower concentrations

Table 5

RECOVERY @24 hrs.in %
(96-Well 1000 pL. Deep Well Plate)

Concentration  py.., BSA PrA  PrG

(uif)
1.5 5:102 101 G4 103
2 5102 100 82 105
3 5102 102 94 131
G Si02 100 98 102
12.5 5102 1G0O Q4 T4
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Concentration  pjpe  BSA  PrA  PrG

(m)
1.5 CA 70 37 27
2 CA 73 52 38
3 CA 30 54 69
3] CA 26 76 75
i2.5 CA 100 87 84

Example 7 of the first more detailed embodiment
[00403] A test similar to Example 1 of the first more detailed embodiment was carried out to
compare the biomolecule recovery from converted “Si0O2” plates and “CA” plates of the types
described in Example 6. The biomolecules used were 1.5 or 3 nM dispersions of lyophilized BSA,
FBG, TEN, PrA, and PrG.

[00404] The conditions and results are shown in Table 6. For the BSA, PrA, PrG, and TEN
proteins, the convertedSiO2 plates provided substantially superior protein recovery, compared to the
CA plates. For the FBG protein, the converted SiO2 plates provided better protein recovery than the
CA plates.

Table 6

RECOVERY @72 hrs. in %
(86 Well 350 ull (5i02) or SO0 uL. (CA) Shallow Plate)

Concentration  p;.., BSA FBG TFN PrA  PrG

()
1.5 5102 104 85 79 99 101
3 5102 106 g5 71 93 98
1.5 CA 65 7 45 44 39
3 CA 74 33 38 60 66

Example 8 of the first more detailed embodiment
[00405] A test similar to Example 7 of the first more detailed embodiment was carried out to
compare 96-well, 500 uL SiO2 and CA plates. The conditions and results are shown in Table 7. For

the BSA, PrA, PrG, and TFN proteins, as well as the 1.5 nM concentration of FBG, the converted
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Si02 plates provided substantially superior protein recovery, compared to the CA plates. The 3 nM

concentration of FBG was anomalous.
Table 7

RECOVERY @72 hrs. in %
(96 Well 500 pL. Deep Well Plate)

C"”“("’j‘/”f )“"'0” Plate  BSA FBG TFN  PrA PrG
¥ 71
1.5 5102 101 85 6% 93 104
3 Sin2 96 74 71 91 104
1.5 CA 69 77 45 44 39
3 CA 74 13 38 60 &6

Example 9 of the first more detailed embodiment
[00406] A test similar to Example 7 of the first more detailed embodiment was carried out to
compare 96-well, 1000 pL convertedSiO2 and CA plates. The conditions and results are shown in
Tablc 8. For the BSA, PrA, and PrG proteins, the converted SiO2 plates provided substantially

superior protein recovery, compared to the CA plates. The FBG proteins did not demonstrate
substantially superior protein recovery.
Table 8

RECOVERY @ 72 hrs. in 5
{96 Well 1000 ul. Deep Well Plate)

C"”C{e’?ﬁ )‘"i"" Plate BSA FBG TFN PrA  PrG
F 7
1.5 $i02 101 51 64 99 100
3 302 99 63 62 99 102
1.5 CA 84 76 44 28 A4
3 CA 21 83 46 63 57

Example 10 of the first more detailed embodiment
[00407] A test similar to Example 7 of the first more detailed embodiment was carried out to
compare 384 Well 55 puL (converted SiO2) vs 200 uL (CA) shallow plates. The conditions and
results are shown in Table 8. For the BSA, PrA, and PrG proteins, the converted SiO2 plates
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provided substantially superior protein recovery, compared to the CA plates. The FBG proteins did
not demonstrate substantially superior protein recovery.
Table 9

RECOVERY @72 hrs. in %
(384 Well 35 ul. (5102) or 200 ul. (CA) Shallow Plate)

Comcemiration  pigte  BSA  FBG TFN  PrA PG
k71
15 sio2 97 38 92 71 102
3 sio2 102 57 87 92 104
1.5 ca 34 58 32 27 14
3 CA 63 62 39 37

Example 11 of the first more detailed embodiment
[00408] A test similar to Example 1 of the first more detailed embodiment was carried out to
compare the SiO2 converted plates of the first more detailed embodiment to polypropylene plates
trcatcd with StabilBlot® BSA Blocker, a commercial trcatment used to reduce BSA protcin
adhesion, sold by SurModics, Inc., Eden Prairie, MN, USA. The conditions and results are shown in
Table 10, where converted SiO2 is the plate according to Example 1, Plate A is a polypropylene plate
treated with 5% BS A blocker for one hour and Plate B is a polypropylene plate treated with 19% BSA

blocker for one hour. Except for FBG protein, the present technology again provided superior results

compared to the BSA blocker plates.
Table 10

RECOVERY @24 hrs. in %
(3 nM in buffer)

Concentratio  pry,  BSA  FBG TFN PrA  PrG

7 (pAd)
3 5102 102 69 79 06 1G4
3 A Q7 g5 T Q3 102
3 B Q4 a4 66 70 75

A: 5% BSA blocker passivation of 1000 uL, treated lhr;
B: 1% BSA blocker passivation of 1000 pL, treated 1hr;
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Example 12 of the first more detailed embodiment
[00409] A test similar to Example 7 of the first more detailed embodiment was carried out to
compare the protein recovery rates of SiO2 converted plates in accordance with Example 1 over
longer periods of time — from 1 to 4 months. The conditions and results are shown in Table 11,
which illustrates that roughly uniform resistance to protein adhesion was observed for all of the

proteins over a substantial period.

Table 11
RECOVERY:in %

Time BSA FBG TFN  PrA PrG
(month}

Initial o7 &0 63 9% 101

1 95 ; 66 81 100

2 94 8% 61 87 96

3 92 77 75 87 94

4 97 74 77 &5 94

Example 13 of the first more detailed embodiment
[00410] The uniformity of binding among the different wells of a single plate was tested
using two 96-well plates with deep (500 pL) wells, converted SiO2 plate prepared according to
Example 1 except testing 2nM PrA protein after two hours in all 96 wells, and the other a
Competitor A plate, again testing 2nM PrA protein after two hours in all 96 wells. The protein
rccovery from cach well on one platc was mcasurcd, then averaged, ranged (determining the highest
and lowest recovery rates among the 96 wells), and a standard deviation was calculated. For the
converted SiO2 plate, the mean recovery was 95%, the range of recoveries was 11%, and the
standard deviation was 2%. For the CA plate, the mean recovery was 64%, the range of recoveries

was 14%, and the standard dcviation was 3%.

[00411] The same test as in the preceding paragraph was also carried out using 96-well plates
with 1000 pL wells. For the converted SiO2 plate, the mcan rccovery was 100%, the range of
recoveries was 13%, and the standard deviation was 3%. For the CA plate, the mean recovery was

62%, the range of recoveries was 25%, and the standard deviation was 3%.
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[00412] This testing indicated that the conversion treatment of Example 1 allows at least as
uniform a recovery rate among the different wells as the protein resisting coating of the CA plate.

This suggests that the SiO2 plasma treatment is very uniform across the plate.
Example 14 of the first more detailed embodiment

[00413] This example was carried out to compare the protein recovery from multiwell
polypropylene plates of two types versus protein concentration, after 96 hours of contact between the
protein and the plate. SiO2 plates were molded from polypropylene and plasma converted according
to Example 6. “EPP” plates were commercial competitive polypropylene Eppendorf LoBind®
plates. The testing protocol is the same as in Example 6, except that the smallest protein

concentrations -- 0.1 nM -- were much lower than those in Example 6.

[00414] The results are shown in Table 12 and FIGS. 14-16. In fact, the comparative data of
the converted S102 plates (plots 152, 154, and 158) and the Eppendorf LoBind® plates (i.e. “EPP”
plates, plots 150, 156, and 160) were particularly surprising, since Eppendorf LoBind® has been
considered the industry standard in protein resistant labware. For all three types of proteins tested in
the example (i.e. BSA, PrA and PrG), the protein recovery was substantially constantly high
rcgardless of the concentration for converted Si0O2 plates. Howcever, for “EPP” platcs, the protcin
recovery was dramatically lowered at low concentration. Especially at ultra-low concentration (e.g.
from 0.1 nM to less than 1.5 nM), the protein recoveries for the SiO2 converted plates were far

superior to the “EPP” plate.

[00415] For the PrG protein as shown by data marked with asterisks in Table 12, the 0.1 nM
Si02 converted plate data point was regarded as anomalous, since the true protein recovery of the
5102 converted plate cannot exceed 100% plus the error limit assigned to the data point. The 0.1 nM
EPP Plate PrG data point also was regarded as anomalous, since it deviates substantially from the

trend of the other data points. These anomalous data points are not shown in FIG. 16.
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Table 12

RECOVERY @96 hrsin %
(96-Well 500 uL Deep Well Plate)

Concentration  pr...  BsA PrA  PrG
(nM)
0. Si02 91 95 216%
1.5 Sio2 84 97 109
3 Si2 81 9% 109
6 02 87 106 105
12 $i02 80 101 100
0.1 EPP 42 42 g5+
15 EPP 68 48 3
3 EPP 85 80 56
6 EPP 95 100 83
12 EPP 104 102 106

Example 15 of the first more detailed embodiment

Characterization of Extracted Organic Species from the present L.ow Protein Binding

Converted Microplates Using GC-MS Method

[00416] This testing was carried out on a 96-well microplate to evaluate if the present
conversion treatment adds extractables to the solution in contact with the substrate. The microplate

was molded [rom polypropylene and converted with plasma according to Example 6.

Extraction Procedures

[00417] 300 puL isopropanol (IPA) was added to a total of 16 wells in the 96-well microplate.
After the addition, the plate was covered firmly with a glass plate and stored at room temperature for
72 hours. Following extraction, the contents of the 16 wells were combined in one individual vial,
capped, and inverted to mix. Individual aliquots were transferred to autosampler vials for GC-MS

analyses.
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GC-MS Analysis Conditions and Resuls

[00418] The GC-MS (gas chromatography — mass spectrometry) analysis conditions are
shown in Table 13 and a resulting plot, annotated with the eight peak assignments made, is shown in

FIG. 17 and the peak assignments are described in Table 14.

Table 13

GC-MS Conditions
Capillary Column DB -5MS,30m x 0.25 mm LD. x 0.25 ym

Inlet 300 °C

Carrier Gas (He) Flow 1.0 mL/minute constant flow

Injection 1 uL splitless injection

Temperature Program 50 °C increased at 10 °C /min to 300 °C (10 min hold)
Transfer Line 300 °C

Detector Agilent 5973 MSD, Scan Mode m/z 33-700

Table 14
Extract Peaks For SiO2 Plates

Peak #, Compound Identification
FI1G. 17

1 Siloxane (seen in blank)

Siloxane (seen in blank)

Siloxane (seen in blank)

Siloxane (seen in blank)

Unknown (seen in blank)

Aliphatic hydrocarbon (seen in blank)

Aliphatic hydrocarbon (seen in blank)

x| 3] &N N K W

Aliphatic hydrocarbon (seen in blank)
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[00419] FIGS. 18 and 19 show the GC-MS plots, measured in the same way as FIG. 17,
characterizing extracted organic species for an isopropanol blank (FIG. 18) vs. the converted Si02

low protein binding treated microplates according to Example 15 (FIG. 19).

Example 16 of the first more detailed embodiment
Characterization of Extracted Organic Species from SiO2 Low Protein Binding Converted

Microplates Using LC-MS Method

[00420] An LC-MS (liquid chromatography - mass spectroscopy) method was used to
analyze the organic extractables and evaluate if the present conversion treatment adds organic
extractables to the solution in contact with the substrate. Extraction procedures are the same as in

Example 15.

LC-MS Analysis Conditions and Results

[00421] Analyses were conducted with an Agilent G6530A Q-TOF mass spectrometer and
extracts were run in both positive and negative APCI modes. The LC-MS conditions for positive

APCI are shown in Table 15 and the LC-MS conditions for negative APCI are shown in Table 16.

[00422] FIG. 20 shows the comparison of the LC-MS isopropanol extracted ion
chromatogram (positive APCI mode) of the SiO2 low protein binding converted plates (lower plot)

vs that of the isopropanol blank (upper plot).

[00423] FIG. 22 shows the comparison of the LC-MS isopropanol extracted ion
chromatogram (negative APCI mode) of the SiO2 low protein binding converted plates (lower plot)

vs that of the isopropanol blank (upper plot).

[00424] The only unmatched peak for SiO2 converted plates is at m/z 529 which is consistent
with Irganox® 1076 in the unconditioned and unconverted Si02 plates” isopropanol cxtract (FIG.
21, lower plot), vs. an isopropanol blank (upper plot). Therefore, this extracted compound was not
added by the present low protein binding treatment. It came from the resin, as it also was extracted

from unconditioned and unconverted SiO2 plates.

Table 15
-135-

233/300



WO 2017/087032

PCT/US2016/037674

LC-MS Conditions For Positive APCI

Mobile Phase A HPLC Grade Water
Mobile Phase B HPLC Grade Methanol
Column Zorbax Exlipsc Cg columns, 2.1 mm x 50 mm, 1.8 um

Column Temperature 40 °C

Injection Volume 3ulL

Flow Rate 0.3 mL/min

Gradient Time (min) Do A %B
0.0 90.0 10.0
5.0 0.0 100.0
12.0 0.0 100.0

Equilibration time

4 minutes between runs

Table 16
LC-MS Conditions For Negative APCI

Mobile Phase A HPLC Grade Water
Mobile Phase B HPLC Grade Methanol
Column Imtakt Cadenza CD-C18 column, 4.6 mm x 30 mm, 3 um
Column Temperature 40 °C
Injection Volume 5ulL
Flow Rate 0.7 mL/min
Gradient Time (min) %A %B
0.0 40.0 60.0
6.0 0.0 100.0
14.0 0.0 100.0

Equilibration time

4 minutes between runs
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Example 17 of the first more detailed embodiment

Characterization of Extracted Inorganic Species from SiO2 Microplates Using ICP-MS

Method

[00425] An ICP-MS method was used to compare the inorganic extractable level of three
types of 96-well microplates. The three types of microplates are unconditioned and unconverted
commercial Labcyte polypropylene microplates (Labcyte), unconditioned and unconverted
commercial Porvair polypropylene microplates (Porvair) and SiO2 low binding plasma converted
microplates, molded by SiO2 Medical Products, Inc. from polypropylene and converted with plasma

according to Example 6.

Extraction Procedures

[00426] The wells in the microplates were filled with a 2% v/v nitric acid (HNO?3) solution in
de-ionized (DI) water, covered with a glass plate, and allowed to extract at room temperature for 72
hours. Then approximately 3 mL of the solution were transferred into autosampler tubes and

analyzed by ICP—MS using an Agilent 7700x spectrometer and the conditions are shown in Table 17.

ICP-MS Analysis Conditions and Resuls

[00427] The results are shown in Table 18. The results show that nitric acid extracts of
converted SiO2 plates have low levels of inorganics, near equivalent to that of unconditioned and
unconverted Labcyte and Porvair plates. Therefore Si02 Medical Products low protein binding

conversion treatment does not add inorganic extractables.
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Table 17
1CP-MS Conditions

RF Power 1550 W
Plasma Mode General Purpose
He Flow 4.3 mL/min
Number of Replicates 3
Sweeps/Replicates 100

Table 18

Summary of the ICP — MS Elemental Analysis of the Extraction Residues, Including
Detection Limit (DL) and Quantitation Limit (QL) Results

Labcyte S5i02 Porvair
Blank* (S152365) (S152367) (S152368) DL QL
Element ng/L ng/L ng/L pg/L pg/L ng/L
Aluminum <DL 17.0 14.3 11.4 0.023 0.077
Antimony <DL 0.016 <DL 0.015 0.003 0.009
Arsenic <DL <QL <DL <DL 0.024 0.081
Barium <DL 0.22 0.36 1.45 0.004 0.013
Cadmium <DL <QL <QL <DL 0.002 0.007
Calcium <DL 17.9 28.5 74.0 1.743 5.809
Chromium <DL 0.22 0.16 2.52 0.025 0.084
Cobalt <DL 0.014 0.017 0.027 0.002 0.006
Copper <DL 1.67 1.67 1.01 0.257 0.856
Gold 0.013 0.011 0.011 0.015 0.001 0.003
Iridium 0.003 <QL 0.161 0.102 0.001 0.003
Iron <DL 2.39 4.52 47.5 0.040 0.134
Lead <DL 0.118 0.111 0.075 0.001 0.003
Lithium <DL 0.03 0.03 0.05 0.008 0.026
Magnesium <DL 15.8 28.5 88.0 0.007 0.023
Mercury <DL <DL <DL <DL 1.775 5.917
Manganese <DL 0.06 0.16 0.71 0.010 0.035
Molybdenum <DL <QL 0.03 0.21 0.004 0.013
Nickel <DL 0.13 0.25 0.22 0.019 0.064
Osmium 0.018 0.014 0.014 0.014 0.002 0.008
Palladium <QL <QL 0.010 0.009 0.002 0.007
Platinum <DL <DL <DL <QL 0.001 0.004
Potassium <DL 15.1 21.3 33.5 0.931 3.103
Rhodium 0.002 <QL 0.041 0.032 0.0004 0.001
Ruthenium <DL <DL <DL <DL 0.002 0.006
Selenium <DL <DL <DL <DL 0.128 0.426
Silver 0.002 0.001 0.003 0.003 0.0003 0.001
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Labcyte Si02 Porvair
Blank* (S152365) (S152367) (S152368) DL QL
Element ng/L pg/L ng/L pg/L pg/L pg/L
Sodium <QL 264 469 433 0.063 0.210
Thallium <DL <QL <QL <DL 0.0002 0.001
Tin <DL <QL <DL <QL 0.025 0.082
Vanadium <DL 0.008 0.010 0.050 0.002 0.005
Zinc <DL 3.24 10.5 6.10 0.030 0.099
*The results were not corrected for the procedural blank reported in the first column
Example 18 of the first more detailed embodiment
[00428] The treated 96-well microplates of Example 1 were subjected to x-ray photoelectron

spectroscopy (XPS) analysis to determine the properties of the treated contact surface, in particular to

demonstrate qualitatively and quantitatively the introduction of grafted moieties to the polymer.

[00429] The term “grafting’” as used in this disclosure refers to a modification of the original
surface of the microplate or other substrate, as by plasma treatment or other means, to chemically
bond certain moieties into the original material to modify its composition and properties, leaving
many or all of the grafted moieties at the surface, modifying its surface properties, but without

introducing a coating over the surface.

[00430] XPS was carried out on the treated contact surface in two locations: on the top
surface of the microplate between two wells and about half way down the sidewall of a well. The
measurements on the sidewall are most pertinent, as the lands should remain free of the samples to

avoid contamination of any adjacent well.

[00431] The analytical parameters used in for XPS were as follows:
[00432] Instrument PHI Quantum 2000

[00433] X-ray source Monochromated Alk, 1486.6eV

[00434] Acceptance Angle +23°

[00435] Take-off angle 45°

[00436] Analysis arca 600 pm (micromcters)
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[00437] Charge Correction Cl1s284.8 eV

[00438] Ion Gun Conditions Ar+, 1 keV, 2 x 2 mm raster

[00439] Sputter Rate 15.6 A/min (5102 Equivalent)

[00440] XPS docs not detect hydrogen, but docs detect carbon, nitrogen and oxygen. XPS of

a hydrocarbon such as the untreated polypropylene surface would detect only carbon, plus trace
amounts of several other elements. The XPS of the treated contact surface of Example 1, however,

provided the atomic proportions (normalized to 100%) of Table 19:

Table 19
Top Face, Sidewall,
Element Atomic % Atomic %
C 89.8 91.2
N 0.6 0.3
@) 9.2 8.3
S 0.1 <0.1
Cl 0.1 0.1
Ca 0.1 Not detected
Sn 0.1 0.1
Total 100.0 100.0

[00441] This result shows the grafting of a substantial atomic proportion of oxygen — about 8
to 9 atomic percent — into the polypropylene at the top face and sidewall of the polypropylene
microplate, but without forming a coating blanketing the original surface or a change in the bulk

composition, as the predominant constituent remains carbon.
Example 19 of the first more detailed embodiment

[00442] Another XPS analysis was carried out, focusing on the chemical constituents at the

surface of a treated polypropylene microplate according to Example 1. The chemical constituents
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shown in Table 20 were detected. The right column normalizes the sidewall data, normalized as the

ratio to 100 atomic percent C bonded to C and H:

Table 20
Sidewall
Data
Top Face, Sidewall, Moiety Norm-
Moiety Moiety % % alized
C-(C.H) 76.5 78.7 100.0%
C-(O,N) 8.4 8.4 10.7%
C=0 2.6 2.5 3.2%
0-C=0 1.4 1 1.3%
COs; 0.8 0.6 0.8%
N-(C.H)3 0.2 0.1
0.1%
N-(C.H)4+ 0.3 0.2 0.3%
non C-(C,H) total 16.3%
[00443] These moieties change the properties of the surface, but again without forming a

coating blanketing the original surface or a change in the bulk composition.

Example 20 of the First More Detailed Embodiment
[00444] The contact angle of distilled water on the 96-well microplates treated according to
Example 1 of the first more detailed embodiment was measured. The analysis instrument for the
contact angle tests was the Contact Angle Meter model DM-701, made by Kyowa Interface Science
Co., Ltd. (Tokyo, Japan). To obtain the contact angle, five water droplets were deposited on the
inside surface of small pieces obtained from each specimen. The testing conditions and parameters
are summarized below. The plates were broken to expose treated contact surfaces. The best
representative pieces for each specimen were selected for testing. A drop size of 1 puL (one
microliter) was used for all samples. Due to the curvature of the specimens, a curvature correction

routine was used to accurately measure the contact angle.

-141-

239/300



WO 2017/087032 PCT/US2016/037674

Contact Angle Testing Conditions and Parameters of the first more detailed embodiment

e Test instrument- DM-701 Contact Angle Meter

¢ Liquid Dispenser- 22 gauge stainless steel needle

e Drop Size- uL (one microliter)

e Test liquid - Distilled water

e Environment - Ambient air, room temperature (about 25°C)

e Radius of Curvature for each Specimen (micrometers, pm) - as measured.

[00445] As a control, the contact angle of an untreated polypropylene microplate surface was
measured in the same manner. The contact angle of the untreated polypropylene was 82°, while the
contact angle of the treated contact surface according to the first more detailed embodiment was 60°
This test illustrates that the plasma treatment provided a much more hydrophilic surface with a lower

contact angle, without adding a coating or changing the bulk material.

Second More Detailed Embodiment
[00446] A process according to a second more detailed embodiment has been developed that
can be applied to polyolefins and a wide range of other polymers that optionally provides over 50%
reduction in protein adhesion. The process is based on one to four steps or more that can take place
at atmospheric and at reduced pressures via plasma processing. The process can be applied to a wide
range of polymeric materials (polyolefins, polyesters, polystyrenes in addition to many other
materials) and products including labware, diagnostic devices, contact lenses, medical devices, or

implants in addition to many other products.

[00447] A first, optional step of the second more detailed embodiment is treating a surface
with a polar liquid treatment agent comprising: water, a volatile, polar, organic compound, or a

combination of any two or more of these, forming a polar-treated contact surface.
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[00448] A second, optional step of the second more detailed embodiment is treating the

surface with ionized gas.

[00449] A third, optional step of the second more detailed embodiment is treating the surface
with conditioning plasma comprising: a nitrogen-containing gas, an inert gas, an oxidizing gas, or a

combination of two or more of these, forming a conditioned contact surface.

[00450] A fourth step of the second more detailed embodiment is treating the surface with
conversion plasma of water; a volatile, polar, organic compound; a C;-C;2 hydrocarbon and oxygen;
a C1-Cy, hydrocarbon and nitrogen; a silicon-containing gas; or a combination of two or more of

these, forming a treated contact surface.

[00451] The surface to be treated of the second more detailed embodiment can be made of a
wide variety of different materials. Several useful types of materials are thermoplastic material, for
example a thermoplastic resin, for example a polymer, optionally injection-molded thermoplastic
resin. For example, the material can be, or include, an olefin polymer, polypropylene (PP),
polyethylene (PE), cyclic olefin copolymer (COC), cyclic olefin polymer (COP), polymethylpentene,
polyester, polyethylene terephthalate, polyethylene naphthalate, polybutylene terephthalate (PBT),
polyvinylidenc chloride (PVdC), polyvinyl chloride (PVC), polycarbonate, polylactic acid,
polystyrene, hydrogenated polystyrene, polycyclohexylethylene (PCHE), epoxy resin, nylon,
polyurethane polyacrylonitrile, polyacrylonitrile (PAN), an ionomeric resin, Surlyn® ionomeric

resin, or any combination, composite or blend of any two or more of the above materials.

[00452] A wide variety of different surfaces can be treated according to the second more
detailed embodiment. One example of a surface is a vessel lumen surface, where the vessel is, for
example, a vial, a bottle, a jar, a syringe, a cartridge, a blister package, or an ampoule. For more
examples, the surface of the material can be a contact surface of an article of labware, for example a
microplate, a centrifuge tube, a pipette tip, a well plate, a microwell plate, an ELISA plate, a
microtiter plate, a 96-well plate, a 384-well plate, a centrifuge tube, a chromatography vial, an

evacuated blood collection tube, or a specimen tube.
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[00453] Yet another example of the second more detailed embodiment is that the surface can
be a coating or layer of PECVD deposited Si0,CyH, or SiN,C,H,, in which x is from about 0.5 to
about 2.4 as measured by X-ray photoelectron spectroscopy (XPS), y is from about 0.6 to about 3 as
measured by XPS, and z is from about 2 to about 9 as measured by Rutherford backscattering
spectrometry (RBS). Another example is the surface is a barrier coating or layer of SiOx, in which x
is from about 1.5 to about 2.9 as measured by XPS, optionally an oxide or nitride of an
organometallic precursor that is a compound of a metal element from Group III and/or Group IV of
the Periodic Table, e.g. in Group IIl: Boron, Aluminum, Gallium, Indium, Thallium, Scandium,
Yttrium, or Lanthanum, (Aluminum and Boron being preferred), and in Group IV: Silicon,
Germanium, Tin, Lead, Titanium, Zirconium, Hafnium, or Thorium (Silicon and Tin being

preferred).

[00454] The polar liquid treatment agent of the second more detailed embodiment can be, for
example, water, for example tap water, distilled water, or deionized water; an alcohol, for example a
C,-Cy; alcohol, methanol, ethanol, n-propanol, isopropanol, n-butanol, isobutanol, s-butanol, t-
butanol; a glycol, for example ethylene glycol, propylene glycol, butylene glycol, polyethylene
glycol, and others; glycerine, a C{-Cj; linear or cyclic ether, for example dimethyl ether, diethyl
ether, dipropyl ether, dibutyl ether, glyme (CH3OCH,CH>OCHs); cyclic ethers of [ormula -
CH,CH,O,- such as diethylene oxide, triethylene oxide, and tetracthylene oxide; cyclic amines;
cyclic esters (lactones), for example acetolactone, propiolactone, butyrolactone, valerolactone, and
caprolactone; a C;-C;; aldehyde, for example formaldehyde, acetaldehyde, propionaldehyde, or
butyraldehyde; a C;-Ci> kelone, [or example acetone, diethylketone, dipropylketone, or
dibutylketone; a C;-C, carboxylic acid, for example formic acid, acetic acid, propionic acid, or
butyric acid; ammonia, a C;-Cy2 amine, for example methylamine, dimethylamine, ethylamine,
diethylamine, propylamine, butylamine, pentylamine, hexylamine, heptylamine, octylamine,
nonylamine, decylamine, undecylamine, or dodecylamine; hydrogen fluoride, hydrogen chloride, a
C-C; epoxide, for example ethylene oxide or propylene oxide; or a combination of any two or more
of these. In this context, “liquid” means liquid under the temperature, pressure, or other conditions of

treatment.
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[00455] Contacting the surface with a polar liquid treatment agent of the second more
detailed embodiment can be carried out in any useful manner, such as spraying, dipping, flooding,
soaking, flowing, transferring with an applicator, condensing from vapor, or otherwise applying the
polar liquid treatment agent. After contacting the surface with a polar liquid treatment agent of the
second more detailed embodiment, the surface can be allowed to stand for 1 second to 30 minutes,

for example.

[00456] In the ionized gas treatment of the second more detailed embodiment, the ionized gas
can be, as some examples, air; nitrogen; oxygen; an inert gas, for example argon, helium, neon,
xenon, or krypton; or a combination of any two or more of these. The ionized gas can be delivered in
any suitable manner. For example, it can be delivered from an ionizing blow-off gun or other ionized
gas source. A convenient gas delivery pressure is from 1-120 psi (6 to 830 kPa) (gauge or, optionally,
absolute pressure), optionally 50 psi (350 kPa). The water content of the ionized gas can be from O to
100%. The polar-treated contact surface with ionized gas can be carried out for any suitable

treatment time, for example from 1-300 seconds, optionally for 10 seconds.

[00457] In the conditioning plasma treatment of the second more detailed embodiment, a
nitrogen-containing gas, an inert gas, an oxidizing gas, or a combination of two or more of these can
be used in the plasma treatment apparatus. The nitrogen-containing gas can be nitrogen, nitrous
oxide, nitrogen dioxide, nitrogen tetroxide, ammonia, or a combination of any two or more of these.
The inert gas can be argon, helium, neon, xenon, krypton, or a combination of any two or more of

these. The oxidizing gas can be oxygen, ozone, or a combination of any two or more of these.

[00458] In the conversion plasma treatment of the second more detailed embodiment, water;
a volatile, polar, organic compound; a C;-C;, hydrocarbon and oxygen; a C;-C;; hydrocarbon and
nitrogen; a silicon-containing gas; or a combination of two or more of these can be used in the
plasma treatment apparatus. The polar liquid treatment agent can be, for example, any of the polar
liquid treatment agents mentioned in this specification. The C;-Ci; hydrocarbon optionally can be
methane, ethane, ethylene, acetylene, n-propane, i-propane, propene, propyne; n-butane, i-butane, t-

butane, butane, 1-butyne, 2-butyne, or a combination of any two or more of these.
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[00459] The silicon-containing gas of the second more detailed embodiment can be a silane,
an organosilicon precursor, or a combination of any two or more of these. The silicon-containing gas
can be an acyclic or cyclic, substituted or unsubstituted silane, optionally comprising, consisting
essentially of, or consisting of any one or more of: Si;—Si4 substituted or unsubstituted silanes, for
example silane, disilane, trisilane, or tetrasilane; hydrocarbon or halogen substituted Si;—Si4 silanes,
for example tetramethylsilane (TetraMS), tetraecthyl silane, tetrapropylsilane, tetrabutylsilane,
trimethylsilane (TriMS), triethyl silane, tripropylsilane, tributylsilane, trimethoxysilane, a fluorinated
silane such as hexafluorodisilane, a cyclic silane such as octamethylcyclotetrasilane or
tetramethylcyclotetrasilane, or a combination of any two or more of these. The silicon-containing gas
can be a linear siloxane, a monocyclic siloxane, a polycyclic siloxane, a polysilsesquioxane, an alkyl
trimethoxysilane, a linear silazane, a monocyclic silazane, a polycyclic silazane, a
polysilsesquiazane, or a combination of any two or more of these. The silicon-containing gas can be
tetramethyldisilazane, hexamethyldisilazane, octamethyltrisilazane, octamethylcyclotetrasilazane,

tetramethylcyclotetrasilazane, or a combination of any two or more of these.

[00460] The conditioning plasma treatment, the treating plasma treatment, or both of the
second more detailed embodiment can be carried out in a plasma chamber. The plasma chamber can
have a treatment volume between two metallic plates. The treatment volume can be, for example,
from 100 mL to 50 liters, for example about 14 liters. Optionally, the treatment volume can be

generally cylindrical.

[00461] The plasma chamber of the second more detailed embodiment can have a generally

cylindrical outer electrode surrounding at least a portion of the treatment chamber.

[00462] To provide a gas feed to the plasma chamber of the second more detailed
embodiment, a tubular gas inlet can project into the treatment volume, through which the feed gases
are fed into the plasma chamber. The plasma chamber optionally can include a vacuum source for at

least partially evacuating the treatment volume.

[00463] Optionally in the second more detailed embodiment, the exciting energy for the

conditioning plasma or conversion plasma can be from 1 to 1000 Watts, optionally from 100 to 900
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Watts, optionally from 500 to 700 Waltts, optionally from 1 to 100 Watts, optionally from 1 to 30
Waltts, optionally from 1 to 10 Watts, optionally from 1 to 5 Watts.

[00464] Optionally in the second more detailed embodiment, the plasma chamber is reduced
to a base pressure from 0.001 milliTorr (mTorr) to 100 Torr before feeding gases in the conditioning

plasma or conversion plasma treatment.

[00465] Optionally in the second more detailed embodiment, the gases are fed for
conditioning plasma or conversion plasma treatment at a total pressure for all gases from 1 mTorr to

10 Torr, and at a feed rate of from 1 to 300 sccm, optionally 1 to 100 sccm.

[004606] Optionally in the second more detailed embodiment, the gases are fed for
conditioning plasma or conversion plasma treatment for from 1 to 300 seconds, optionally from 90 to

180 seconds.

[00467] After the treatment(s) of the second more detailed embodiment, the treated contact
surface, for example a vessel lumen surface, can be contacted with an aqueous protein. Some non-
limiting cxamplcs of suitablc proteins arc the aqucous protein compriscs: mammal scrum albumin,
for example Bovine Serum Albumin (BSA); Fibrinogen (FBG); Transferrin (TFN), for example
blood serotransferrin (or siderophilin, also known as transferrin); lactotransferrin (lactoferrin); milk
transferrin; egg white ovotransferrin (conalbumin); and membrane-associated melanotransferrin;
Protein A (PrA); Protein G (PrG); Protein A/G; Protein L; Insulin, for example hexameric insulin,
monomeric insulin, porcine insulin, human insulin, recombinant insulin and pharmaceutical grades
of insulin; Pharmaceutical protein; blood or blood component proteins; or any recombinant form,
modification, full length precursor, signal peptide, propeptide, or mature variant of these proteins; or

a combination of two or more of these.

[00468] Optionally in the second more detailed embodiment, the treated contact surface has a
protcin recovery percentage greater than the protein recovery percentage of the unconditioned and
unconverted surface for at least one of Bovine Serum Albumin (BSA); Fibrinogen (FBG);
Transferrin (TFN), for example blood serotransferrin (or siderophilin, also known as transferrin);

lactotransferrin (lactoferrin); milk transferrin; egg white ovotransferrin (conalbumin); and
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membrane-associated melanotransferrin; Protein A (PrA); Protein G (PrG); Protein A/G; Protein L;
Insulin, for example hexameric insulin, monomeric insulin, porcine insulin, human insulin,
recombinant insulin and pharmaceutical grades of insulin; pharmaceutical protein; blood or blood
component proteins; or any recombinant form, modification, full length precursor, signal peptide,

propeptide, or mature variant of these proteins.

[00469] Optionally in the second more detailed embodiment, the treated contact surface has a
protein recovery percentage at 24 hours greater than the protein recovery percentage of the
unconditioned and unconverted surtace for Bovine Serum Albumin having an atomic mass of 66,000
Daltons (BSA) on NUNC® 96-well round bottom plates sold by Nunc A/S Corporation, Denmark,

following the protocol in the present specification.

[00470] Optionally in the second more detailed embodiment, the treated contact surface has a
protein recovery percentage at 24 hours on NUNC® 96-well round bottom plates greater than 70%,
optionally greater than 80%, optionally greater than 90%, optionally up to 100% for BSA, following

the protocol in the present specification.

[00471] Optionally in the second more detailed embodiment, the treated contact surface has a
protcin recovery percentage at 24 hours grecater than the protein rccovery percentage of the
unconditioned and unconverted surface for Fibrinogen having an atomic mass of 340,000 Daltons

(FBG) on NUNC® 96-well round bottom plates, following the protocol in the present specification.

[00472] Optionally in the second more detailed embodiment, the treated contact surface has a
protein recovery percentage at 24 hours on NUNC® 96-well round bottom plates greater than 20%,
optionally greater than 40%, optionally greater than 60%, optionally greater than 80%, optionally up

to 84% for FBG, following the protocol in the present specification.

[00473] Optionally in the second more detailed embodiment, the treated contact surface has a
protcin recovery percentage at 24 hours on NUNC® 96-well round bottom plates grcater than the
protein recovery percentage of the unconditioned and unconverted surface for Transferrin having an

atomic mass of 80,000 Daltons (TEN), following the protocol in the present specification.
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[00474] Optionally in the second more detailed embodiment, the treated contact surface has a
protein recovery percentage at 24 hours on NUN C® 96-well round bottom plates greater than 60%,
optionally greater than 65%, optionally greater than 69%, optionally up to 70% for TEFN, following

the protocol in the present specification.

[00475] Optionally in the second more detailed embodiment, the treated contact surface has a
protein recovery percentage at 24 hours on NUNC® 96-well round bottom plates greater than the
protein recovery percentage of the unconditioned and unconverted surface for Protein A having an

atomic mass of 45,000 Daltons (PrA), following the protocol in the present specification.

[00476] Optionally in the second more detailed embodiment, the treated contact surface has a
protein recovery percentage at 24 hours on NUN C® 96-well round bottom plates greater than 9%,
optionally greater than 20%, optionally greater than 40%, optionally greater than 60%, optionally up

to 67% for PrA, following the protocol in the present specification.

[00477] Optionally in the second more detailed embodiment, the treated contact surface has a
protein recovery percentage at 24 hours on NUNC® 96-well round bottom plates greater than the
protein recovery percentage of the unconditioned and unconverted surface for Protein G having an

atomic mass of 20,000 Daltons (PrG), following thc protocol in the present specification.

[00478] Optionally in the second more detailed embodiment, the treated contact surface has a
protein recovery percentage at 24 hours on NUN C® 96-well round bottom plates greater than 12%,
optionally greater than 20%, optionally greater than 40%, optionally greater than 60%, optionally

greater than 80%, optionally up to 90% for PrG, following the protocol in the present specification.

[00479] Optionally in the second more detailed embodiment, the treated contact surface has a
protein recovery percentage at 24 hours greater than the protein recovery percentage of the
unconditioned and unconverted surface for Bovine Serum Albumin having an atomic mass of 66,000
Daltons (BSA) on Eppendorf LoBind® 96-well round bottom plates, following the protocol in the
present specification. Eppendorf LoBind® plates are sold by Eppendorf LoBind AG, Hamburg,

Germany.
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[00480] Optionally in the second more detailed embodiment, the treated contact surface has a
protein recovery percentage at 24 hours on Eppendorf LoB ind® 96-well round bottom plates greater

than 95% for BSA, following the protocol in the present specification.

[00481] Optionally in the second more detailed embodiment, the treated contact surface has a
protein recovery percentage at 24 hours greater than the protein recovery percentage of the
unconditioned and unconverted surface for Fibrinogen having an atomic mass of 340,000 Daltons
(FBG) on Eppendorf LoBind® 96-well round bottom plates, following the protocol in the present

specification.

[00482] Optionally in the second more detailed embodiment, the treated contact surface has a
protein recovery percentage at 24 hours on Eppendorf LoB ind® 96-well round bottom plates greater

than 72% for FBG, following the protocol in the present specification.

[00483] Optionally in the second more detailed embodiment, the treated contact surface has a
protein recovery percentage at 24 hours on Eppendorf LoBind® 96-well round bottom plates greater
than the protein recovery percentage of the unconditioned and unconverted surface for Transferrin

having an atomic mass of 80,000 Daltons (TFN), following the protocol in the present specification.

[00484] Optionally in the second more detailed embodiment, the treated contact surface has a
protein recovery percentage at 24 hours on Eppendorf LoB ind® 96-well round bottom plates greater

than 69% for TEN, following the protocol in the present specification.

[00485] Optionally in the second more detailed embodiment, the treated contact surface has a
protein recovery percentage at 24 hours on Eppendorf LoB ind® 96-well round bottom plates greater
than the protein recovery percentage of the unconditioned and unconverted surface for Protein A

having an atomic mass of 45,000 Daltons (PrA), following the protocol in the present specification.

[004806] Optionally in the second more detailed embodiment, the treated contact surface has a
protein recovery percentage at 24 hours on Eppendorf LoBind® 96-well round bottom plates greater
than the protein recovery percentage of the unconditioned and unconverted surface for Protein G

having an atomic mass of 20,000 Daltons (PrG), following the protocol in the prescent specification.
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[00487] Optionally in the second more detailed embodiment, the treated contact surface has a
protein recovery percentage at 24 hours on Eppendorf LoB ind® 96-well round bottom plates greater

than 96% for PrG, following the protocol in the present specification.

[00488] Optionally in the second more detailed embodiment, the treated contact surface has a
protein recovery percentage at 24 hours greater than the protein recovery percentage of the
unconditioned and unconverted surface for Bovine Serum Albumin having an atomic mass of 66,000
Daltons (BSA) on GRIENER® 96-well round bottom plates, following the protocol in the present
specification. GRIEN ER® plates are sold by Greiner Holding AG of Austria.

[00489] Optionally in the second more detailed embodiment, the treated contact surface has a
protein recovery percentage at 24 hours on GRIEN ER® 96-well round bottom plates greater than

60%, optionally up to 86%, for BSA, following the protocol in the present specification.

[00490] Optionally in the second more detailed embodiment, the treated contact surface has a
protein recovery percentage at 24 hours greater than the protein recovery percentage of the
unconditioned and unconverted surface for Fibrinogen having an atomic mass of 340,000 Daltons
(FBG) on GRIENER® 96-well round bottom plates, following the protocol in the present

specification.

[00491] Optionally in the second more detailed embodiment, the treated contact surface has a
protein recovery percentage at 24 hours on GRIEN ER® 96-well round bottom plates greater than

50%, optionally up to 65%, for FBG, following the protocol in the present specification.

[00492] Optionally in the second more detailed embodiment, the treated contact surface has a
protein recovery percentage at 24 hours on GRIENER® 96-well round bottom plates greater than the
protein recovery percentage of the unconditioned and unconverted surface for Transferrin having an

atomic mass of 80,000 Daltons (TFN), following the protocol in the present specification.

[00493] Optionally in the second more detailed embodiment, the treated contact surface has a
protein recovery percentage at 24 hours on GRIENER® 96-well round bottom plates greater than

50%, optionally up to 60%, for TFN, following thc protocol in the present specification.
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[00494] Optionally in the second more detailed embodiment, the treated contact surface has a
protein recovery percentage at 24 hours on GRIEN ER® 96-well round bottom plates greater than the
protein recovery percentage of the unconditioned and unconverted surface for Protein A having an

atomic mass of 45,000 Daltons (PrA), following the protocol in the present specification.

[00495] Optionally in the second more detailed embodiment, the treated contact surface has a
protein recovery percentage at 24 hours on GRIENER® 96-well round bottom plates greater than

25%, optionally up to 56%, for PrA, following the protocol in the present specification.

[00496] Optionally in the second more detailed embodiment, the treated contact surface has a
protein recovery percentage at 24 hours on GRIENER® 96-well round bottom plates greater than the
protein recovery percentage of the unconditioned and unconverted surface for Protein G having an

atomic mass of 20,000 Daltons (PrG), following the protocol in the present specification.

[00497] Optionally in the second more detailed embodiment, the treated contact surface has a
protein recovery percentage at 24 hours on GRIENER® 96-well round bottom plates greater than

60%, optionally up to 75%, for PrG, following the protocol in the present specification.

Working Example 21
[00498] The following is a description and working example of the process of the second
more detailed embodiment:
[00499] The process of the second more detailed embodiment was applied to 96-well

polypropylene microplates manufactured by NUNC®.

[00500] The following steps of the second more detailed embodiment were applied to the
parts:
[00501] As received plates were contacted according to the second more detailed

embodiment by being sprayed with tap water (de-ionized or other waters could be used, as could any
polar solvent), referred to here as a polar liquid trcatment agent, and allowed to stand for I sccond to

30 minutes, providing a polar-treated contact surface.
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[00502] The parts were then blown off with ionized air according to the second more detailed
embodiment, which is referred to here as contacting the polar-treated contact surface with ionized
gas at a pressure of 50 psi. Optionally, a gas (nitrogen, argon or any other compressed gas) could be
used in place or in addition to the air. The water content of the gas (being used to blow off the parts)
can be 0-100%. The parts were blown off for approximately 10 seconds although a time from 1-300

seconds could be used.

[00503] The parts were then loaded onto a carrier for the next step of the second more
detailed embodiment. A holding time from 1-300 seconds before loading or once loaded (For atotal

of 1-600 seconds) can be used.

[00504] The parts were then loaded into a plasma chamber for treating the ionized-
pressurized-gas-treated contact surface with conditioning plasma according to the second more
detailed embodiment. It is theorized, without limiting the invention according to the scope or
accuracy of this theory, that the conditioning plasma of the second more detailed embodiment cleans
non-polymer additives from the surface of the microplates and/or creates a hydrophilic, nanotextured
surface, also known as a nanostructure of peaks and recesses, amenable to surface functionalization.
According to this theory, the nanostructure would facilitate hydrophilization of the “peaks™ while
sterically preventing comparatively large proteins from accessing any hydrophobic recesses. Further
according to this theory, plasma conditioning, also known as activation, might be better
accomplished utilizing an amine (radical) function during the conditioning step, which can be a
“handle” or attachment point further built upon or modified in the treatment step, versus a hydroxyl
(radical) function or methyl/methylene radicals, when considering the relative stability of the radicals
generated (an amine radical is more stable, for example, than a hydroxyl radical, and easier to form

than a methyl radical).

[00505] An exemplary plasma treatment chamber of the second more detailed embodiment,
used in the present example, had the configuration shown in FIG.10. (optional chambers can be used

as well - see below):

[005006] Referring to FIG. 10 of the second more detailed embodiment, a cylindrical ceramic

chamber 110 is shown, with an aluminum bottom 112 and an aluminum lid 114 (which was closed
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during use, but shown open in FIG. 10, as it would be when loading or unloading). The chamber 110
was approximately 12 inches (30 cm) in diameter and 8 inches (20 cm) deep. The pumping port of
the chamber feeding the vacuum conduit 116 to the vacuum pump 118, controlled by a valve 20, was
at the bottom (in the aluminum bottom 112) and was approximately 4 inches (10 cm) in diameter,
with the 1/2-inch (12 mm) diameter gas inlet 122 concentrically protruding through the pumping port
into the processing area 124. A plasma screen (not shown) was installed in over the pumping port
and was constructed from copper screen and steel wool. Gas was fed to the gas inlet 122 via a gas
system 126 under the chamber 10. Mass flow controllers such as 128 were used for the compressed
gas (e.g. from the source 130) and a capillary 132 (0.006 inches (0.15 mm) internal ID), that was 36
inches (90 cm) long, controlled the feed rate of water into the manifold 134, via a shut-off valve 136.
The ceramic chamber 110 had a copper electrode 138 that was concentrically wrapped around the
outside and was approximately 7 inches (18 cm) tall. The electrode 138 was connected to a
COMDEL® matching network 140 that allowed the 50-ohm output of the COMDEL® 1000-watt RF
(13.56 MHz) power supply 42 to be matched for optimal power coupling (low reflected power).
COMDELP® equipment is sold by Comdel, Inc., Gloucester, Massachusetts, USA. The power supply
142 was attached to the COMDEL® matching network 40 via a standard coaxial cable 144. Two
capacitance manometers (0- 1 Torr and 0-100 Torr) (not shown) were attached to the vacuum conduit

116 (also referred to as a pump line) to measure the process pressures.

[00507] The process of the second more detailed embodiment can occur in a wide range of
plasma processing chambers including through the use of atmospheric plasmacs) or jets. The parts
can be processed in baltch (as described above) of 1-1000 parts or processed in a semi-continuous
operation with load-locks. In the case of atmospheric processing, no chamber would be required.
Optionally, single parts can be processed as described in FIG. 2 and the accompanying description in

US Pat. No. 7,985,188.

[00508] Once loaded for treating the ionized-pressurized-gas-treated contact surface with
conditioning plasma of the second more detailed embodiment, the pressure inside of the chamber
was reduced to 50 mTorr. Base pressures to 10 Torr or as high as 100 Torr are also acceptable.

Once the base pressure was reached, nitrogen gas (99.9% pure, although purities as high as 99.999%
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or as low as 95% can also be used) at 30 sccm (standard cubic centimeters per minute) was admitted
to the chamber, achieving a processing pressure of 40 mTorr (pressures as low as 1 mTorr or as high
as 10 Torr can also be used). Plasma was then ignited using 600 watts at a frequency of 13.56 MHz
for 90-180 seconds, although processing times from 1-300 seconds will work. Frequencies from 1
Hz to 10 GHz are also possible. After the processing time was complete the plasma was turned off
and the gas evacuated (although this is not a requirement) back to the base pressure. This
conditioning plasma treatment of the second more detailed embodiment produced a conditioned

contact surface on the microplates.

[00509] Next, the conditioned contact surface was treated with conversion plasma of the
second more detailed embodiment, in the same apparatus, although other apparatus may instead be

used.

[00510] Itis theorized as one mechanism of action of the second more detailed embodiment,
without limiting the invention according to the scope or accuracy of this theory, that the conversion
plasma provides further functionalization (hydrophilic “extenders™) of the hydrophilized sites or
“handles” resulting from the conditioning plasma treatment. According to this theory, this extension
function may be accomplished by established (1) polyethylene oxide condensation (PEGylation)
methods or (2) betaine/ zwitterion (internal ion pair) methods via plasma activation of the surface
“handle” (functional group from the conditioning plasma treatment) and/or the hydrophilic extender
species. According to this theory, the “extenders” referred to here are the components of the
conversion plasma. According to this theory, the recombination of the surface “handle” and
“extender’” species to form larger hydrophilic species on the treated contact surface provides a
hydrophilic sterically stabilized surface, providing inhibiting protein surface binding via hydrosteric
repulsion. According to this theory, cyclic esters (lactones) or cyclic sulfoesters (sultones) could be

utilized to generate betaine or sulfobetaine species on the treated contact surface.

[00511] The conversion plasma was applied as follows according to the second more detailed

embodiment. The chamber was evacuated (or remained evacuated), and water vapor was flowed into

the chamber through a 0.006 inch (0.15 mm) diameter capillary (36 inches (91 cm) long) at an

approximate flow of 30 sccm resulting in a processing pressure between 26 and 70 mTorr
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(milliTorr). The flow of water vapor can range from 1-100 sccm and pressures from ImTorr to 100
Torr are also possible. Plasma was then ignited at 600 watts and sustained for 90-180 seconds
although processing times from 1-300 seconds will work. The plasma was then turned off, the
vacuum pump valves closed and then the chamber vented back to atmosphere. A treated contact
surface was formed as a result. Room air was used to vent the chamber although nitrogen could be

used. Optionally, water vapor or other polar solvent containing material could be used.

[00512] Once the chamber of the second more detailed embodiment was vented, the lid was
removed and the carrier removed. The parts were then unloaded. The parts are ready to use at that
point, or they can be packaged in plastic bags, aluminum foil or other packaging for storage and

shipment.

[00513] The resulting surface (from the above treatment of the second more detailed
embodiment) provided a significant reduction in protein adhesion. The results are shown in Tables

21-24.

[00514] Similar processing of the second more detailed embodiment can be used to process a
wide variety of other articles. These include: labware, for example a contact surface of a microplate,
a centrifuge tube, a pipcttce tip, a well plate, a microwcll plate, an ELISA platc, a microtiter plate, the
illustrated 96-well plate, a 384-well plate; vessels, for example a vial, a bottle, a jar, a syringe, a
cartridge, a blister package, an ampoule, an evacuated blood collection tube, a specimen tube, a
centrifuge tube, or a chromatography vial; or medical devices having surfaces that come in contact
with blood and other body fluids or pharmaceutical preparations containing proteins, such as
catheters, stents, heart valve, electrical leads, pacemakers, insulin pumps, surgical supplies, heart-

lung machines, contact lenses, etc.

Optional Processes of the second more detailed embodiment
[00515] Water can be applied to the part (via a mist or high humidity cabinet of the second

more detailed embodiment) as described above then:

* Blowing part/product off with ionized air as described above of the second

morc dctailed cmbodiment then:
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e A pre-trcatment of the sccond more detailed ecmbodiment at reduced pressure
utilizing a plasma (ionized gas) comprising Nitrogen, then a final treatment of
one of the following:

i. Methane and air

ii. Methane and nitrogen

iii. Methane and water

iv. Any combination of the above
v. Any other hydrocarbon gas

vi. Silane and nitrogen

vii. Silane and water

viii. Any organosilicon in place of the silane

TABLE 21 of the second more detailed embodiment:
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TABLE 22 of the second more detailed embodiment
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TABLE 24 of the second more detailed embodiment

vs. Sample 1,
same base material

conversion XPS: SIMS:
Base Sio, SiO,C,H, plasma -OH -OH Contact
SAM- Material ? ? Treatment? content content Angle
PLE
1 coC no no no = = =
1 COP no no no = = =
2 CcoC yes yes no na na >
2 cop yes yes no na na >
3 CcoC yes yes yes > <
3 COP yes yes yes > > <
4 CcocC no no yes > > <
4 cop no no yes > > <
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NOTES to tables of the second more detailed embodiment:

[00516] Trcatment — This indicatcs if the plates werc trecated with the process of the sccond
more detailed embodiment described herein (ns3, N — nitrogen plasma only (treating the ionized-
pressurized-gas-treated contact surface with conditioning plasma), H —water plasma only (treating
the conditioned contact surface with conversion plasma comprising: water, a volatile, polar, organic
compound, a C;-C;, hydrocarbon and oxygen, a hydrocarbon and nitrogen, a silicon-containing gas,
or a combination of two or more of these, forming a treated contact surface), 1/+/H — ionize,
nitrogen plasma and water plasma, i.e. contacting the polar-treated contact surface with ionized gas;
treating the ionized-pressurized-gas-treated contact surface with conditioning plasma, forming a
conditioned contact surface; and treating the conditioned contact surface with conversion plasma),
U/C — uncoated or treated, these were the as-received plates, Lipidure — this is a commercially

available liquid applied and cured chemistry
[00517] Plate — NUNC® — Epp is short for Eppendorf LoBind® a plastic manufacturer

[00518] Spray — indicates platcs were “misted” or spraycd with water before coating of the
second more detailed embodiment. This was an example of contacting the surface with a polar liquid
treatment agent comprising: water, a volatile, polar, organic compound, or a combination of any two

or more of these, forming a polar-treated contact surface.

[00519] W/D indicates if the plates were sprayed and then immediately blown off with
ionized air (W) or if they were left for 1-20 minutes and then blown off with ionized air (D)
(contacting the polar-treated contact surface with ionized gas), in either event of the second more

detailed embodiment.

. N- time = nitrogen gas treatment time in seconds.
. H- time = water gas treatment time in seconds
. Powcer — Standard was 600 watts applicd RF power, 50% was 300 walfts.
L BSA, FBG, PrA, PrG, TFN were all the proteins used in the study.
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Testing for Hydroxyl Content of the second more detailed embodiment

[00520] The treated contact surface made by each described process, for example a 96-well
microplate well surface, is analyzed by XPS, SIMS, and contact angle with water, compared to the
unconditioned and unconverted surface, to determine differences resulting from the present

treatments. The following results are contemplated.

XPS Analysis of the second more detailed embodiment

[00521] X-ray photoelectron spectroscopy (XPS) is used to characterize the atomic
composition of the treated contact surface of the second more detailed embodiment, before any or all
of the presently contemplated polar liquid, ionized gas, conditioning plasma, or conversion plasma

treatments, versus after the conversion plasma treatment of the second more detailed embodiment.

[00522] XPS data of thc sccond morc dctailed embodiment is quantificd using rclative
sensitivity factors and a model that assumes a surface having a different composition than the bulk
material just below the surface, since the present treatments are believed to modify underlying
structure at the surface rather than coating it or modifying the bulk material. The analysis volume is
the product of the analysis area (spot size or aperture size) and the depth of information.
Photoelectrons are generated within the X-ray penetration depth (typically many microns), but only

the photoelectrons within the top escape depth or depths are detected.

[00523] The XPS instrument of the first more detailed embodiment and the second more
detailed embodiment is a PHI"™ Quantum 2000 XPS system, sold by Physical Electronics, Inc., Eden
Prairie, Minnesota, USA. The PHI'™ XPS uses as the X-ray source Monochromated Alka 1486.6eV
x-ray cnergy. Valucs given were normalized to 100 pereent using the elements detected. Detection

limits were approximately 0.05 to 0.1 atomic percent.

[00524] XPS docs not mecasurc or detect hydrogen, but docs detect and mcasure oxygen,
silicon, nitrogen, and carbon. Consequently, when using XPS in search of an increase in surface

hydroxyl concentration, the artifact searched for is an increase in oxygen at the surface of the article,
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compared to the oxygen level of the unconditioned and unconverted surface and/or the oxygen level

benecath the treated contact surface.

[00525] XPS analysis is used of the second more detailed embodiment to determine whether
treatments using any of the present polar liquid treatment agents, ionized gas, conditioning plasma,
and/or conversion plasma treatment steps, or the cumulative result of these treatments, causes an
increase in oxygen concentration at the treated contact surface. It is contemplated that, at the
conclusion of the conversion plasma treatment, the level of oxygen detected at the treated contact
surface is greater than the level of oxygen beneath the treated contact surface, and also greater than
the level of oxygen detected at a corresponding surface before any treatment with a polar liquid,

ionized gas, conditioning plasma, or conversion plasma.
SIMS Analysis

[00526] Secondary-ion mass spectrometry (SIMS) of the present treated and unconditioned
and unconverted samples is contemplated of the second more detailed embodiment. SIMS is used to
analyze the composition of solid surfaces and thin films. In SIMS, the treated and unconditioned and
unconverted surfaces are addressed by directing a focused ion beam, which may have various
compositions, against cach surfacc, which cjects sccondary ions from the surfacc matcrials. The
mass/charge ratios of the secondary ions are measured with a mass spectrometer to determine the
chemical composition of the surface to a depth of 1 to 2 nm (nanometers). Since oxygen and
hydroxyl groups are being sought, it is contemplated that the ion beam will not be an oxygen beam,
which would interfere with detection. The ion beam can, for example, be a cesium ion beam which is
readily distinguishable from all constituents of the unconditioned and unconverted and treated
contact surface and the bulk sample. It is contemplated that the result of SIMS analysis of the second
more detailed embodiment will be an increase in the total of oxygen, hydroxyl, and oxygen-
containing moieties detected from the treated contact surface, versus the unconditioned and

unconverted surface.
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Contact Angle Analysis

[00527] A contact angle analysis can be done on the treated contact surface versus an
unconditioned and unconverted surface of the second more detailed embodiment, to determine the

effect of the present treatments.

[00528] The analysis instrument for the contact angle tests of the second more detailed
embodiment is the Contact Angle Meter model DM-701, made by Kyowa Interface Science Co., Ltd.
(Tokyo, Japan). To obtain the contact angle, five water droplets are deposited on the inside surface of
small pieces obtained from each specimen. The testing conditions and parameters are summarized
below. The best representative pieces for each specimen are selected for testing. A drop sizeof 1 pL
(one microliter) i1s used for all samples. Due to the curvature of the specimens, a curvature correction

routine is used to accurately measure the contact angle.
Contact Angle Testing Conditions and Parameters of the second more detailed embodiment
e Test instrument- DM-701 Contact Anglc Mcter
¢ Liquid Dispenser- 22 gauge stainless steel needle
® Drop Size- uL (one microliter)
e Test liquid - Distilled water
e Environment - Ambient air, room temperature (about 25°C)
Results of the second more detailed embodiment

[00529] The specimen made from COP plus SiO,CyH, pH protective coating of the second
more detailed embodiment as described in this specification has the highest average contact angle of
all tested specimens. The average contact angle for specimens made from COP plus pH protective
coating is 99.1° (degrees). The average contact angle for the uncoated COP specimen is 90.5°. The
glass specimen has a significantly lower average contact angle at 10.6°. This data shows that the pH
protective coating raises the contact angle of the uncoated COP vessel. It is expected that an SiOyx

coated vessel without the passivation layer or pH protective coating would exhibit a result similar to
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glass, which shows a hydrophilic coating relative to the relative to the passivation layer or pH

protective coating.

[00530] The present conversion plasma treatment of the second more detailed embodiment is
expected to lower the contact angle of the substrate substantially, whether applied directly to the
COP substrate or to an SiOxCyH, (pH protective coating or layer) surface. Contact angles of 0° to
90°, optionally from 20° to 80°, optionally from 40° to 80°, optionally from 50° to 70°, optionally
from 55° to 65°optionally from 5° to 90°, optionally from 10° to 70°, optionally from 10° to 40° are
contemplated to be achievable using the present conversion plasma treatment, optionally with other

treatments, on a surface.

Example 22 — Vials with pH Protective Coating or Layer of the second more detailed

embodiment

[00531] A cyclic olefin copolymer (COC) resin is injection molded to form a batch of Sml
COC vials. A cyclic olefin polymer (COP) resin is injection molded to form a batch of 5ml COP
vials. XPS, SIMS, and contact angle tests are performed on the COC and COP vials, as made. These

vials are referred to below as Sample 1 vials.

[00532] Samples of the respective COC and COP vials are coated by identical processes, of
the second more detailed embodiment as described in this example. The COP and COC vials are
coated with a two layer coating by plasma enhanced chemical vapor deposition (PECVD). The first
layer is composed of SiO, with oxygen and solute barrier properties, and the second layer is an
Si0,C,H, pH protective coating or layer. (Optionally, other deposition processes than PECVD
(plasma-enhanced chemical vapor deposition), such as non-plasma CVD (chemical vapor
deposition), physical vapor deposition (in which a vapor is condensed on a surface without changing
its chemical constitution), sputtering, atmospheric pressure deposition, and the like can be used,

without limitation).

[00533] To form the SiOCyH, pH protective coating or layer of the second more detailed
embodiment, a precursor gas mixture comprising OMCTS, argon, and oxygen is introduced inside

each vial. The gas inside the vial is excited between capacitively coupled electrodes by a radio-
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frequency (13.56 MHz) power source. The preparation of these COC vials and the corresponding
preparation of these COP vials, is further described in Example DD and related disclosure of US
Publ. Appl. 2015-0021339 A1. XPS, SIMS, and contact angle tests are performed on the resulting
Si0,CyH, pH protective coating or layer surfaces of the COC and COP vials. These vials are referred

to below as Sample 2 vials.

[00534] The interiors of the COC and COP vials are then further treated with conditioning
plasma of the second more detailed embodiment, using nitrogen gas as the sole feed, followed by
conversion plasma of the second more detailed embodiment, using water vapor as the sole feed, both
as described in this specification, to provide vials having treated interior surfaces. XPS, SIMS, and
contact angle tests are performed on the resulting treated interior surfaces of the COC and COP vials.

These vials are referred to below as Sample 3 vials.

[00535] Vials identical to the Sample 1 vials, without SiO, or SiO,CyH, coatings, are also
directly treated with conditioning plasma of the second more detailed embodiment, using nitrogen
gas as the sole feed, followed by a conversion plasma of the second more detailed embodiment,
using water vapor as the sole feed, both as described in this specification, to provide vials having

treated interior surfaces. These vials are referred to below as Sample 4 vials.

[00536] The respective vials and expected test results of the second more detailed
embodiment are summarized in Table 23 of the second more detailed embodiment. In Table 16 of the
second more detailed embodiment, “=" means equal to Sample 1 on the same substrate (COC or
COP), “<* means less than Sample 1 on the same substrate, and “>* means greater than Sample 1 on

the same substrate.
Example 23 of the First More Detailed Embodiment

[00537] In this experiment, six types of 96-well microplates were plasma treated, then
subjected to X-ray photoclectron spectroscopy (XPS) analysis to determine the propertics of the
treated surfaces, in particular to demonstrate qualitatively and quantitatively the introduction of

grafted moieties to the polymer.
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[00538] The six types of 96-well microplates are: the untreated polypropylene Porvair
microplates and microplates treated with one of the methods of plasma treatments 1-5 below
according to the first more detailed embodiment. The detailed plasma treating procedures are shown

below and the variables are shown in Table 25.

Plasma Treatment 1 (i.e. O2 and water two step treatment):

[00539] After the microplates were loaded into a fixture located inside a vacuum chamber,
the vacuum chamber lid was closed. The vacuum was activated, and the chamber was sealed while
atmospheric gases were removed from within the chamber. Plasma activation was delayed for 30
seconds to allow for the evacuation of atmospheric gases and the infiltration of oxygen gas to occur.
The chamber pressure was stabilized during this 30 second time period. An oxygen plasma was
activated within the vacuum chamber. The oxygen plasma was deactivated after a duration of 300
seconds. The chamber was released from vacuum and the lid was opened. The microplates were

removed from the fixture located inside the chamber.

[00540] After a 30 second duration, oxygen was evacuated from the chamber, and water
vapor was introduced into the chamber at a flow rate of 10 sccm. A water plasma was activated
within thc chamber. The watcer plasma was dcactivated after a duration of 180 scconds. The
chamber was released from vacuum. The chamber lid was opened. The microplates were removed

from the fixture located inside the chamber.

Plasma Treatment 2 (i.e. O2/water mixture treating in one step):

[00541] After the microplates were loaded into a fixture located inside a vacuum chamber,
the vacuum chamber lid was closed. Then the vacuum was activated after the chamber was sealed
while atmospheric gases were removed from within the chamber. Plasma activation was delayed for
30 seconds to allow for the evacuation of atmospheric gases and the infiltration of oxygen gas and
water vapor to occur. The oxygen was flowed at arate of 95 sccm. The water vapor was flowed at a
rate of 10 sccm. The chamber pressure was stabilized during this 30 second time period. Then an
oxygen-water plasma was activated within the vacuum chamber. The oxygen-water plasma was

deactivated after a duration of 300 seconds. After the completion of the treatment, the chamber was
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released from vacuum and the chamber lid was opened. The microplates are removed from the

fixture located inside the chamber.

Plasma Treatment 3 (i.e. O2 treatment only):

[00542] After the microplates were loaded into a fixture located inside a vacuum chamber,
the vacuum chamber lid was closed. The vacuum was activated after the chamber was sealed and
atmospheric gases were removed from within the chamber. Plasma activation was delayed for 30
seconds to allow for the evacuation of atmospheric gases and the infiltration of oxygen gas to occur.
The oxygen was flowed at a rate of 95 sccm. The chamber pressure was stabilized during this 30
second time period. Oxygen plasma was activated within the vacuum chamber. The oxygen plasma
was deactivated after a duration of 300 seconds. After the completion of the treatment, the chamber
was released from vacuum and the chamber lid was opened. The microplates were removed from

the fixture located inside the chamber.

Plasma Treatment 4 (i.e. water treatment only):

[00543] After the microplates were loaded into a fixture located inside a vacuum chamber,
the vacuum chamber lid was closed. The vacuum was activated after the chamber was sealed while
the atmospheric gases were removed from within the chamber. Plasma activation was delayed for 30
seconds to allow for the evacuation of atmospheric gases and the infiltration of water vapor to occur.
The water vapor was flowed at a rate of 10 sccm. The chamber pressure was stabilized during this 30
second time period. A water plasma was activated within the vacuum chamber. The water plasma
was deactivated after a duration of 180 seconds. After the completion of the treatment, the chamber
was released from vacuum and the chamber lid was opened. The microplates are removed from the

fixture located inside the chamber.

Plasma Treatment 5 (i.e. air treatment only):

[00544] After the microplates were loaded into a fixture located inside a vacuum chamber,
the vacuum chamber lid was closed. The vacuum was activated after the chamber was sealed while
the atmospheric gascs were removed from within the chamber. Plasma activation was delayed for 30

seconds to allow for the evacuation of unregulated atmospheric gases and the infiltration of regulated
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atmospheric gases. The atmospheric gases were flowed at arate of 100 sccm. The chamber pressure
was stabilized during this 30 second time period. Atmospheric plasma was activated within the
vacuum chamber. The atmospheric plasma was deactivated after a duration of 300 seconds. After
the completion of the treatment, the chamber was released from vacuum and the chamber lid was

opened. The microplates were removed from the fixture located inside the chamber.

Table 25
Air 02 Water vapor
Power Plasma

Flowrate Flowrate | Flowrate
Microplate (W) Time (sec)

(sccm) (sccm) (sccm)
Untreated N/A N/A N/A N/A N/A
Plasma 225

0 95 10 300/180
Treatment 1
Plasma

0 95/10 225 300
Treatment 2
Plasma

0 95 0 225 300
Treatment 3
Plasma

0 0 10 225 300
Treatment 4
Plasma

100 0 0 225 300
Treatment 5

[00545] XPS was carried out in the same way as described in Example 18. The XPS results

for the six types of microplates are shown in Table 26 and Table 27. Table 26 shows the atomic
percentage of grafted atoms such as O, N etc. Table 27 shows the atomic percentage of grafted
carbon as reported in Table 26 assigned to specific carbon-containing species such as C-O, C=0 and

O-C=0 which are all hydrogen bond acceptor groups, as well as the atomic percentage of carbon as
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reported in Table 26 involved in carbon-carbon or hydrogen-carbon bonding (“C-(C,H)*), consisting
essentially of carbon remaining in the form of polypropylene. The sum of all carbon-containing
species in Table 27 varies slightly from the atomic percentage of carbon reported in Table 26 in at

least some instances due to normal experimental error.

Table 26

Microplate [@ N (@] Si
Untreated 99.9 0 0.1 0
Plasma

91.1 0 8.9 0
Treatment 1
Plasma

94.2 0 5.8 0
Treatment 2
Plasma 7 7

93.6 0 6.4 0]
Treatment 3
Plasma

95.4 0 4.6 0
Treatment 4
Plasma

96.2 0 3.8 0
Treatment 5
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Table 27
Microplate C-(C.H) C-O C=0 0O-C=0
Untreated 100 0 0 0
Plasma
78.3 8.8 2.8 1.6
Treatment 1
Plasma
83.5 8.8 1.5 0.5
Treatment 2
Plasma
82.9 3.4 1.7 0.9
Treatment 3
Plasma
87.0 7.1 14 0.1
Treatment 4
Plasma
90.3 54 0.7 ]
Treatment 5
[005406] The six types of microplates were also tested for protein recovery to determine the

relation of protein binding properties and the surface features. The testing procedures are described
in “Testing of all embodiments”. Recovery percentage of the six types of microplates for five
proteins (i.e. BSA, FBG, PrA, PrG and TEN) at 1.5 nM after 24 hours contacting with the surfaces
are shown in Table 28. The results show that introduction of grafted O atom and “C-O”, “C=0" and
“O-C=0" species which are hydrogen bond receptor groups lower protein binding (i.e. increase

protein recovery). For example, Plasma treatment 1 introduces the highest amount of grafted O

atoms and the surface treated with it has the highest protein recovery percentage.
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Table 28

Microplate BSA FBG PrA PrG TEN
Untreated 6 9 1 1 1
Plasma 89 18 88 93 50
Treatment 1
Plasma 81 12 68 83 49
Treatment 2
Plasma 82 12 68 83 49
Treatment 3
Plasma Not reported | 7 5 Not reported | Not reported
Treatment 4
Plasma 10 7 6 Not reported | Not reported
Treatment 5

Example 24 — Barrier and pH Protective Coating

[00547]

photoelectron spectroscopy (XPS) analysis to determine the properties of the treated surface. The
three types of microplates are the untreated polypropylene (UTPP) Porvair microplates, microplates
with barrier coating as the liquid contacting surface, microplates with pH protective coating as the
liquid contacting surface. The process of applying barrier coating and pH protective coating is
described in the specification. XPS was carried out in the same way as described in Example 14.

The XPS results for the three types of microplates are shown in Table 29. Table 29 shows the atomic

percentage of C, N, O and Si for the surface.
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Table 29
Microplates C N @) Si
UTPP 99.9 0 0.1 0
Barrier 0 0 40 20
pH Protective 38.6 0 34.7 26.7
[00548] The threc types of microplates arc also tested for protein recovery. The testing

procedures are described in “Testing of all embodiments”. Recovery percentage of the three types of
microplates for five proteins (i.e. BSA, FBG, PrA, PrG and TEN) at 1.5 nM after 24 hours contacting
with the surfaces are shown in Table 30. The results show that the barrier coated surfaces reduce

protein binding compared to untreated propylene surface.

Table 30
Microplate BSA FBG PrA PrG TEN
Untreated 6 9 1 1 1
Barricr 13 8 3 2 27
Prophetic Example 25
[00549] In addition, other contemplated PECVD coated contact surfaces that provide

resistance to protein binding use gas precursors include surfaces coated by PECVD of siloxane,
organosiloxane or polyethylene glycol (PEG) precursors, so that the coating defines a contact
surface. An example of such a PECVD coated surface is a barrier coating or layer as described in

this specification.

Prophetic Example 26

[00550] An alternative method contemplated for forming the present contact surfaces
comprising:
. from 1 to 30 atomic %, optionally from 5 to 20 atomic %, optionally from 5 to 10

atomic %, grafted oxygen atoms,
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. from O to 30 atomic %, optionally from 0O to 20 atomic %, optionally from O to 10
atomic %, grafted nitrogen atoms, and

. from 80 to 95 atomic %, optionally from 90 to 95 atomic %, carbon atoms
which provide resistance to protein binding is application of an amorphous carbon coating by
PECVD, using as the monomer gas a precursor such as acetylene, ethylene, methane, propane,
butane, ethane, or a combination of two or more of these; further employing with the precursor,
either in combination or as a subsequent PECVD process step, a co-monomer gas such air, oxygen,
water vapor, or a combination of any two or more of these to provide the required oxygen and

optionally nitrogen heteroatoms.

Prophetic Example 27, Embodiment (i)

[00551] (Step 1) A commercial molded polypropylene 96-well microplate is placed into a
vacuum plasma (Rf or Microwave) reactor. The reactor is evacuated to about 1 torr, then an oxygen/
argon gas mixture (10/10 sccm each) is initiated with Rf power of about 50 watts for 5 seconds. An
increase in surface C-OH can be monitored by FTIR-ATR, monitoring an increase in 3300cm-1 (CO-

H str) and 1600cm-1 (C-OH str).

[00552] (Step 2) The hydroxy-modified microplate is then removed from the plasma reactor
and immersed in an 2 percent w/v ethanolic solution of a copolymer of 2-(meth)acryloyloxyethyl-2 ‘-
(trimethylammonio)ethyl phosphate (MPC) and trimethoxysilylethylmethacrylate, prepared in a

manner similar as described for copolymers in US 6828028.

[00553] The solution is removed and the microplate is heated and dried under vacuum at 60-

80 °C for 2 hours.

[00554] The microplate well performance toward protein, whole blood, and blood serum
inhibition can be evaluated via standard protein recovery methods including UV, fluorescent-labeled
proteins, radiolabeled proteins established in the art. Applicant expects recoveries should average

better than 60 percent.
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Prophetic Example 28, Embodiment (ii)

[00555] (Step 1) A commercial molded polypropylene 96-well microplate is placed into a
vacuum plasma (Rf or Microwave) reactor. The reactor is evacuated to about 1 torr, then an oxygen/
argon gas mixture (10/10 sccm each) is initiated with Rf power of about 50 watts for 5 seconds. An
increase in surface C-OH can be monitored by FTIR-ATR, monitoring an increase in 3300cm-1 (CO-

H str) and 1600cm-1 (C-OH str).

[00556] (Step 2) The power is stopped, the oxygen/argon gas flow is stopped, and the freshly
treated microplate is exposed to a vapor of N-(aminoethyl)-2,2,3-trimethyl-2-aza-1-silacyclopentane)
[Gelest], from a prevacuated reservoir containing said aza reagent for 1 minute. An increase in
surface alkyl-NH2 can be monitored by FTIR-ATR, monitoring a decrease in 3300cm-1 (O-H str)

and increase in ca. 1140cm-1 (C-N str).

[00557] (Step 3) The amine surface-modified microplate is then removed from the plasma
reactor and immersed in an 2 percent w/v ethanolic solution of a copolymer of 2-
(meth)acryloyloxyethyl-2 ‘-(trimethylammonio)ethyl phosphate (MPC) and glycidylmethacrylate
(GMA), prepared as described in Example 1 of US 6828028B 1 which is incorporated by reference.

[00558] The solution is removed and the microplate is heated and dried under vacuum at 60-

80 °C for 2 hours.

[00559] The microplate well performance toward protein, whole blood, and blood serum
inhibition can be evaluated via standard protein recovery methods including UV, fluorescent-labeled
proteins, radiolabeled proteins established in the art. Applicant expects recoveries should average

better than 60 percent.

Prophetic Example 29, Embodiment (i) and (ii)

[00560] The same procedure is utilized as in Example 27 for embodiment (i), and Example
2, for Embodiment (i1), only the initial substrate is an SiOx plasma-coatcd polypropylenc microplate.
SiOx plasma coating is described in other art. The SiOx coating should be at least 5 nanometers in
thickness throughout the well to provide solute barrier performance from potential extractable and

leachable compositions from the molded plastic article.
-173-

271/300



WO 2017/087032 PCT/US2016/037674

[00561] An increase in surface Si-OH can be monitored by FTIR-ATR, monitoring an
increase in 3300cm-1 (SiO-H str).

Example 30 (Embodiment (i) and (ii)

[00562] Protein Binding Assessment Procedure (General for all coated microplates of

Embodiments (i) and (ii))

[00563] Purpose: The purpose of this experiment is to determine the amount of protein

binding over time to a surface coated microtiter plate.

[00564] Materials: BioTek Synergy H1 Microplate Reader and Gen5 Software, Millipore
Milli-Q Water System, Millipore Direct Detect Spectromter, Alexa Fluor 488 Labeled Proteins
(Bovinec Scrum Albumin, Fibrinogen, Transferrin, Protcin A and Protcin G), 10X Phosphate
Buffered Saline (PBS), Nunc Black 96-well Optical Bottom Plates, 1 L Plastic Bottle, 25-100 mL
Glass Beakers, Aluminum Foil, 1-10 mL Pipette, 100-1000 pL Pipette, 0.1-5 pL Pipette, 50-300 uLL

Multichannel Pipette
[00565] Experimental:

- 5 proteins are tested on a single surface coated microplate: Bovine Serum Albumin (BSA),
Fibrinogen (FBG), Transferrin (TFN), Protein A (PrA) and Protein G (PrG)
- Each protein is received as a fluorescently labeled powder, labeled with Alexa Fluor 488
o 5 mg of BSA: 66,000 Da
o 5 mg of FBG: 340,000 Da
o 5 mg of TFN: 80,000 Da
o 1 mgof PrA: 45,000 Da
o 1 mg of PrG: 20,000 Da
- Once received, each vial of protein is wrapped in aluminum foil for extra protection from
light and labeled accordingly, then placed into the freezer for storage
- A solution of 1X PBS is made from a stock solution of 10X PBS
o 100 mL of 10X PBS is added to a plastic 1 L bottle, followed by 900 mL of distilled
waler [rom the Millipore Q-pod
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- Using a 100-1000 pL pipette, 1000 uL of 1X PBS is pipetted into each vial of protein
separately, to create protein solutions
- Each vial is then inverted and vortexed to thoroughly mix the solution
- Each protein is then tested on the Millipore Direct Detect to get an accurate protein
concentration
o Using a 0.1-5 pL pipette, a 2 uLL sample of PBS is placed on the first spot of the
Direct Detect reading card and marked as a blank in the software
o A 2 uL sample of the first protein is then placed onto the remaining 3 spots and
marked as samples
o After the card has been read, an average of the 3 protein concentrations is recorded in
mg/mL
o This is repeated for the remaining 4 proteins

- The protecin solutions arc then placed into the refrigerator for storage
[00566] Protein Binding Assay

- A standard curve is prepared with 1X PBS for each protein
o The standard curve starts at 25 nM and a serial dilution is performed to obtain the
rcmaining 4 concentrations: 12.5 nM, 6.25 nM, 3.125 nM and 1.5625 nM
o The 12.5 nM solution prepared from the standard curve will be used for testing
- The amount of 25 nM standard needed is as follows:
o On the microplate, 4 time points are tested and 4 wells are tested at each time point,
for a total of 16 wells to be filled for each protein
o 250 uL of 12.5 nM solution is placed into each well
o 16 wells*250 pL of 12.5 nM soln = 4000 uL =4 mL of 12.5 nM standard soln
o 2 mL is added to that volume to account for solution used to generate the standard
curve and solution used for initial sample reads
o Therefore a total of 6 mL of 12.5 nM standard soln is needed
o Since a serial dilution is being performed, that number is doubled to get the volume

of 25 nM solution needed
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6 mL*2 = 12 mL of 25 nM solution needed

To assure that there is a buffer in case any mistakes are made, 20 mL of 25 nM

standard solution will be prepared

If more than one microplate is being tested, this calculation can be adjusted

For example, if 2 microplates are being tested:

(4 tp)(4 wells) = 16 wells

(16 wells)(2 plates) = 32 wells

(32 wells)(250 uL solution) = 8000 uLL = 8 mL of 12.5 nM solution needed
8 mL + 2 mL = 10 mL of 12.5 standard solution needed

(10 mL solution)*2 = 20 mL of 25 nM standard solution needed

=30 mL 25 nM standard solution

- The amount of each protein needed to make the 25 nM solution is calculated using the

protein concentrations obtained from the Millipore Direct Detect

[00567]
[00568]

[00569]

[00570]

[00571]

I mg/mL=1g/LL
Da = g/mol
InM=10E-9M
1L=1.0E6uL
1pL=0.001L

Pr (M) =Pr (g/L) + Pr MW (g/mol)

MV =M)V;

(Pr (M)) V; = (2.5E-8 M)(V, L)

=

=
=
=

Vi=(2.5E-8 M)(V, L) + [Pr M)]
Vi=xLof Pr

Vi=(xL of Pr)(1.0E6 pL)

Vi=x pL of Pr

x mL Pr soln = (x uL)(0.001 mL)

x mL of soln needed — x mL of Pr = x mL of 1X PBS needed
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25 nM Pr soln = x pL of Pr + x mL of 1X PBS

- Ex)20 mL of 25 nM BSA solution is needed and the concentration of BSA is 5.165 mg/mL

[00572]
[00573]
[00574]
[00575]
[00576]
[00577]
[00578]
[00579]
[00580]
[00581]

[00582]

5.165 g/L BSA + 66000 g/mol BSA =7.826E-5 M BSA

M,V =M;V,

(7.826E-5 M BSA) V; = (2.5E-8 M STD)(0.02 L)

Vi=5.0E-10 +7.826E-5

V1 =6.389E-6 L

V1= (6.389E-6 L)(1.0E6 uL)

V) =6.389 uL. BSA needed

(6.389 uL)(0.001 mL) = 0.006389 mL 25 nM soln

20 mL total soln — 0.006389 mL 25 nM BSA =19.994 mL 1X PBS

25 nM BSA soln =6.389 uL BSA + 19.994 mL PBS

- Oncc the calculations for all 5 protcins arc donc, the standards curve for cach protcin is

prepared and tested

@)

@)

25, 100 mL glass beakers are set into rows of 5

Each beaker is wrapped in aluminum foil and labeled with the name of the protein
the curve corresponds to and the concentration of the solution in the beaker

Row 1 is the standard curve for BSA:; row 2, FBG; row 3, TEN; row 4, PrA, row 5,
PrG

Therefore the first row will be labeled as follows: BSA 25 nM, BSA 12.5 nM, BSA
6.25 nM., BSA 3.125 nM, BSA 1.56 nM

The first curve is prepared by adding x mL of 1X PBS and x pL of Protein to the first
beaker labeled 25 nM

-177-

275/300



WO 2017/087032

PCT/US2016/037674

o Half of the 25 nM solution is pipetted into the 12.5 nM beaker, then 1X PBS is

pipetted into the 12.5 mL beaker to make up the final solution needed

For example: if 20 mL of 25 nM solution is prepared, 10 mL of the 25 nM
solution and 10 mL of 1X PBS are added to the 12.5 nM beaker, yielding 20
mL of 12.5 nM solution

The same is then done to prepare the other 3 concentrations

o After a standard curve is made, it is tested using the microplate reader, then the next

standard curve is made and tested, and so on

[00583]

The BioTek Synergy H1 microplate reader and Gen5 software are used for analysis

The synergy H1 is hooked up (o the compulter containing the software and the software is

opened and the reader is turned on

o In the software, a protocol is set up by clicking “Protocols = Create New”

o “‘Multi-plate Assay Protocol” is selected and the number of plates entered is 5

o Once the protocol is created, “Procedure = Read” is selected

o Inthe “read window, “Fluorescence intensity’” and “Endpoint / Kinetic™ is selected

and “OK” is pressed

In the “Read Step” window, the “Excitation” wavelength is set to 485 and the
“Emission” wavelength is set to 528

“Top read” is selected

“Options = Automatic Gain Adjustment” is selected and “OK” is pressed in
the “Filter Set 1 Options” window, the “Read Step” window and the

“Procedure” window

o The “Plate Layout™” link is then selected

Within the “Plate Layout” window, “Blanks”, “Standard Curves” and
“Samples™ are selected, followed by the “Next” button

In the “Blank’ tab, the number of replicates is set Lo 4 and “Nex(” is pressed
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In the “Standard Curve” tab, the number of replicates is set to 4, nM is placed
in the “Unit” box and 0.5 is placed in the “Factor” box. In the “STD1” box,
25 is entered and the boxes for “STD2, STD3, STD4 AND STDS5” are
clicked to fill in the remaining standard curve values. The “next” button is
then clicked

In the “Sample’ tab, the number of replicates is set to 4 and the “Finish”
button is clicked

The “Plate Layout” window appears and on the “Plate 1 Tab: “BLK™ is
clicked on and placed into spots Al1-A4, 25 nM is placed into B1-B4, 12.5
nM is placed into C1-C4, 6.25 nM is placed into D1-D4, 3.125 nM is placed
into E1-E4, 1.5625 is placed into F1-F4 and SPL1 is placed into G1-G4
For the “Plate 27, “Plate 3™, “Plate 4 and “Plate 5" tabs, SPL2 is placed in
spots Al, B1,C1 and D1

If more than one microplate is being tested, then SPL3 will be placed in spots
A2,B2,C2 and D2, and so on depending on the number of microplates being
tested

The “OK” button is then selected

o The “Data Reduction” link is then selected and within the “Data Reduction” window,

the “Standard Curve” link is selected and in the dropdown menu for the “Y Axis

Data, 485,528 is selected. “OK is then selected in both the “Standard Curve”

and “Data Reduction’ windows

o Then, the “Report/ Export Builders” link is selected and “New Export to Excel” is

selected

The “Content™ link is selected and the “General Format” dropdown box is
changed from “Matrix™ to “Row-wise Table”
“OK” is then selected in both the “New Export to Excel” and “Report/ Export

Builders” windows

o The Protocol is then saved by clicking “File = Save As Protocol1”
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[00584]

- After the first standard curve is prepared, it is ready to be tested on the Syngery H1
o Using a 50-300 uL multichannel pipette, 200 pL of 1X PBS is pipetted into wells
A1-A4 of a black optical bottom microplate
=  Then, 200 pL of the 25 nM soln is pipetted into wells B1-B4
= 200 pL of 12.5 nM soln is pipetted into wells C1-C4
= 200 pL of 6.25 nM soln is pipetted into wells D1-D4
= 200 uL of 3.125 nM soln is pipetted into wells E1-E4
= 200 pL of 1.5625 nM soln is pipetted into wells F1-F4
= 200 puL of 12.5 nM soln is pipetted into wells G1-G4
- The Gen5 Software is opened and “Experiments = Create Using an Existing Protocol =
Protocol1” is selected
o Plates 1-5 can be labeled by clicking on the plate name (Ex. Plate 1), right clicking on
“Information” and entering the name of the plate into the text box and clicking “OK”
= Plate 1: Standards
= Plate 2: 1.5 hr
= Plate 3: 2.5 hr
= Plate 4: 4.5 hr
=  Plate 5: 24 hr
o The black, optical bottom microplate containing the standard curve is then placed on
the tray of the Synergy H1
o Then “Plate 1 (Standards)” is right-clicked and the option “Read Plate 1” is selected
o The Experiment can then be saved by clicking “File = Save As”
o Each protein will require its own Experiment, so the first Experiment will be saved as
BSA, the second as FBG, and so on

o Repeat the above steps after preparing each standard curve

[00585]
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- After the standard curves are prepared and tested, all but the 12.5 nM solutions can be
discarded
- The microplate being tested is sectioned ofl into 6 sections
o Using a Shaprie, a line is drawn between rows D& E, and columns 4 & 5 and 8 & 9
o The first section in the upper left hand corner is labeled BS A, the top middle section
is FBG, the Top right section is TFN, the bottom left section is PrA, the bottom right
section is PrG, and the bottom middle section is left empty
=  For the BSA section: column 1 is marked 1.5 hr, column 2 is 2.5 hr, column 3
is 4.5 hr and column 4 is 24 hr
=  For FBG: column 5 is 1.5 hr, column 6 is 2.5 hr, column 7 is 4.5 hr and
column 8 is 24 hr
= TEN: column 9is 1.5 hr, column 10 is 2.5 hr, column 11 is 4.5 hr and column
12 1s 24 hr
=  PrA: Column 11is 1.5 hr, column 2 is 2.5 hr, column 3 is 4.5 hr and column 4
is 24 hr
=  PrG: column 9is 1.5 hr, column 10 is 2.5 hr, column 11 is 4.5 hr and column
12 is 24 hr
- After the microplate is labeled, it is ready to be filled
o Using a 50-300 uL multichannel pipette, 250 uL of 12.5 nM BSA is pipetted into the
wells in the BSA section
o This is done for each protein
- Once the microplate is filled with solution, it is wrapped in aluminum foil and the sections

and time points are labeled
[00586]

- After 1.5 hours, using a 50-300 pL multichanncl pipette and poking through the aluminum
foil, 200 uL of BSA solution is pipetted from the 4 wells in the 1.5 hr column (column 1) and
placed into a black optical bottom microplate

o The Gen5 software is opened and “Experiments > BSA” is selected
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o The black microplate is placed into the microplate tray
o “‘Plate 2 (1.5 hr)” is then right-clicked and the “Read Plate 2 option is selected
o “‘File = Save” is then selected
- The other 4 proteins are then read the same way by opening their corresponding experiments
- The same thing is done after 2.5 hours, 4.5 hours and 24 hours
- After the 24 hr read, “Plate = Export” is then selected from the menu bar
- An excel spreadsheet will appear and can then be saved in the desired location with the

desired name
[00587] Data:

- Using the data produced by the Gen5 software, the 12.5 nM solution concentrations from
both the standard curve and SPL1 are averaged

o The concentrations in the 4 wells at 1.5 hr are averaged

o This 1s then done for 2.5 hr, 4.5 hr and 24 hr also

o The average concentration at each time point is then divided by the average
concentration of The 12.5 nM soln rom the beginning and multiplied by 100 to geta
percent recovery at each time point

= 9% Recovery @ 1.5 hr = [AVG. BSA 1.5 hr] / [AVG. 12.5 nM soln] * 100

A graph is then prepared in excel, graphing the percent recovery of each protein over time.

[00588] While the technology has been described in detail and with reference to specific
examples and embodiments thereof, it will be apparent to one skilled in the art that various changes
and modifications can be made therein without departing from the spirit and scope thereof.
Additional disclosure is provided in the claims, which are considered to be a part of the present

description, each claim defining an optional and optional embodiment.
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CLAIMS

1. A polymeric substrate consisting essentially of a contact surface and an interior portion, the
contact surface comprising:

. from 1 to 30 atomic %, optionally from 5 to 20 atomic %, optionally from 5 to 10
atomic %, oxygen atoms,

. from O to 30 atomic %, optionally from 0 to 20 atomic %, optionally from O to 10
atomic %, nitrogen atoms, and

. from 70 to 99 atomic %, optionally from 80 to 95 atomic %, optionally from 90 to 95
atomic %, carbon atoms

in which the atomic % values are measured by x-ray photoelectron spectroscopy (XPS).

2. The substrate of any one preceding claim, comprising;:
. from 1 to 30 atomic %, optionally from 5 to 20 atomic %, optionally from 5 to 10
atomic %, grafted oxygen atoms,
. from O to 30 atomic %, optionally from 0O to 20 atomic %, optionally from O to 10

atomic %, grafted nitrogen atoms.

3. The substrate of any one preceding claim, in which the interior portion comprises at least 80
atomic %, optionally at least 85 atomic %, optionally at least 90 atomic %, optionally at least 95
atomic %, optionally 100 atomic %, carbon atoms, and a larger atomic % of carbon atoms than the

contact surface.

4. The substrate of any one preceding claim in which the contact surface comprises from 0.1 to
10 atomic %, optionally from 0.1 to 5 atomic %, optionally from 1 to 5 atomic %, carbon atoms to

which oxygen is grafted.

5. The substratc of any one preceding claim in which the contact surface comprises from 0.1 to

10 atomic %, optionally from (.1 to 5 atomic %, hydrogen bond acceptor groups.
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6. The substrate of any one preceding claim, in which the grafted oxygen or nitrogen atoms are

present in the form of moieties selected from -N*-, -N-, =0, -O-, -O,, -O;, C=0, O-C=0, C-O-C, or
N,

bonded to carbon or silicon in each case, optionally selected from or any combination of two or

more of these.

7. The substrate of any one preceding claim, in which the contact surface comprises a carbon or
silicon compound modified with polar grafted species, optionally one or more of: C=0 (carbonyl),
C-O-C (ether), C-N-C (amine), C-N"-C (ammonium), CO, (carboxyl), COs5, Si=0, Si-O-Si, Si-N-Si,
Si-N*-Si, SiO., SiOs,

=N,

Si=N,
or a combination of two or more of these, as measured by x-ray photoelectron spectroscopy (XPS).
8. The substrate of any one preceding claim, in which the contact surface comprises
thermoplastic material, for example a thermoplastic resin, for example an injection-molded

thermoplastic resin.

0. The substrate of any one preceding claim, in which the contact surface comprises a
hydrocarbon polymer, for example an olefin polymer, polypropylene (PP), polyethylene (PE), cyclic
olefin copolymer (COC), cyclic olefin polymer (COP), polymethylpentene, polystyrene,
hydrogenated polystyrene, polycyclohexylethylene (PCHE), or combinations of two or more of these,
or a heteroatom-substituted hydrocarbon polymer, for example a polyester, polyethylene
terephthalate, polyethylene naphthalate, polybutylene terephthalate (PBT), polyvinylidene chloride
(PVdC), polyvinyl chloride (PVC), polycarbonate, polylactic acid, epoxy resin, nylon, polyurethane
polyacrylonitrile, polyacrylonitrile (PAN), an ionomeric resin, Surlyn® ionomeric resin, or any

combination, composite or blend of any two or more of the above materials.

10. The substrate of any one preceding claim, in which the contact surface has a biomolecule
recovery percentage of at least 10%, optionally at least 20%, optionally at least 30%, optionally at

least 40%, optionally at least 45%, optionally at least 50%, optionally at least 55%, optionally at least
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60%, optionally at least 65%, optionally at least 70%, optionally at least 75%, optionally at least

80%, optionally at least 85%, optionally at least 90% optionally at least 95%.

11. The substrate of claim 10, in which the biomolecule recovery percentage is determined for at
least one of: mammal serum albumin; Bovine Serum Albumin (BSA); Fibrinogen (FBG);
Transferrin (TFN); egg white ovotransferrin (conalbumin); membrane-associated melanotransferrin;
Protein A (PrA); Protein G (PrG3); Protein A/G; Protein L; insulin; pharmaceutical protein; blood or
blood component proteins; and any recombinant form, modification, full length precursor, signal

peptide, propeptide, or mature variant of these proteins.

12. The substrate of claim 10, in which any one or more of the following is true:

e for BSA having an atomic mass of 66,000 Daltons, the biomolccule recovery percentage is at
least 20%, optionally at least 30%, optionally at least 40%, optionally at least 50%,
optionally at least 60%, optionally at least 70%, optionally at least 80%, optionally at least
90%, optionally at least 95%, optionally at least 99%, optionally from 10% to 90%,
optionally from 20% to 90%, optionally from 30% to 90%, optionally from 40% to 90%,
optionally from 50% to 90%, optionally from 60% to 90%, optionally from 70% to 90%,
optionally from 80% to 90%;

¢ for FBG having an atomic mass of 340,000 Daltons, the biomolecule recovery percentage is
at least 10%, optionally at least 20%, optionally at least 30%, optionally at least 40%,
optionally at least 50%, optionally at least 60%, optionally at least 70%, optionally at least
80%, optionally at least 90%, optionally at least 95%, optionally at least 99%, optionally
from 10% to 90%, optionally from 20% to 90%, optionally from 30% to 90%, optionally
from 40% to 90%, optionally from 50% to 90%, optionally from 60% to 90%, optionally
[rom 70% (o 90%, optionally from 80% o 90%, optionally [rom 15% (o 20%;

e for TFN having an atomic mass of 80,000 Daltons, the biomolecule recovery percentage is at
least 30%, optionally at least 20%, optionally at least 30%, optionally at least 40%,
optionally at least 50%, optionally at least 60%, optionally at least 70%, optionally at least
80%, optionally at least 90%, optionally at least 95%, optionally at least 99%, optionally
from 10% to 90%, optionally from 20% to 90%, optionally from 30% to 90%, optionally
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from 40% to 90%, optionally from 50% to 90%, optionally from 60% to 90%, optionally
from 70% to 90%, optionally from 80% to 90%, optionally from 30% to 50%;

e for PrA having an atomic mass of 45,000 Daltons, the biomolecule recovery percentage is at
least 10%, optionally at least 20%, optionally at least 30%, optionally at least 40%,
optionally at least 50%, optionally at least 60%, optionally at least 70%, optionally at least
80%, optionally at least 90%, optionally at least 95%, optionally at least 99%, optionally
from 10% to 90%, optionally from 20% to 90%, optionally from 30% to 90%, optionally
from 40% to 90%, optionally from 50% to 90%, optionally from 60% to 90%, optionally
from 70% to 90%, optionally from 80% to 90%, optionally from 10% to 90%; and

e for PrG having an atomic mass of 20,000 Daltons, the biomolecule recovery percentage is at
least 10%, optionally at least 20%, optionally at least 30%, optionally at least 40%,
optionally at least 50%, optionally at least 60%, optionally at least 70%, optionally at least
80%, optionally at least 90%, optionally at least 95%, optionally at least 99%, optionally
from 10% to 90%, optionally from 20% to 90%, optionally from 30% to 90%, optionally
from 40% to 90%, optionally from 50% to 90%, optionally from 60% to 90%, optionally
from 70% to 90%, optionally from 80% to 90%, optionally from 5% to 90%.

13. The substrate of any one preceding claim, in which the contact surface is a vessel lumen
surface.
14. The substrate of any onc prececeding claim, in which the contact surfacc is a fluid contact

surface of an article of labware.

15. The substrate of claim 14, in which the contact surface is a fluid contact surface of a
microplate, a centrifuge tube, a pipette tip, a well plate, a microwell plate, an ELISA plate, a
microliter plate, a 96-well plate, a 384-well plate, a vial, abolttle, a jar, a syringe, a cartridge, a blister
package, an ampoule, an evacuated blood collection tube, a specimen tube, a centrifuge tube, or a

chromatography vial.

16. The substrate of any one preceding claim, in which the contact surface is in contact with an

aqueous protein.
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17. The substrate of any one preceding claim, in which the contact surface has a contact angle
with distilled water of from 0° to 90°, optionally from 20° to 80°, optionally from 40° to 80°,
optionally from 507 to 70°, optionally from 55° to 65°.

18. The substrate of any one preceding claim, in which the contact surface has an electrostatic
charge build-up on the converted and optionally conditioned contact surface of less than 5 kilovolts
per cm (5 kV/cm), optionally less than 3 kV/cm, optionally less than 2 kV/cm, optionally less than 1
kV/cm.

19. The substrate of any one preceding claim, in which the contact surface is treated with
conditioning plasma, conversion plasma, or both of one or more non-polymerizing compounds to
form the surface.

20. The substrate of Claim 19, in which the the non-polymerizing compound comprises, consists
essentially of or consists of one or more of a member selected from the group consisting of: O3, N>,

air, 03, NzO, H2, HzO, HzOz, NH3, AI', He and Ne.

21. The substrate of any one preceding claim, in which the contact surface is a PECVD deposited

coating from 5 to 1000 nm thick.

22. The substrate of Claim 21, in which the PECVD deposited coating is applied using any one
or combination of gas precursors including siloxane, organosiloxane, polyethylene glycol (PEG); or
monomer gas precursors including acetylene, methane, propane, butane, ethane, and/or co-monomer

gases including air, oxygen or water vapor.

23. The substrate of Claim 21, in which PECVD deposited coating is an amorphous carbon

coating further comprising oxygen and optionally nitrogen heteroatoms.

24, The substrate of Claim 23, in which the amorphous carbon coating is applied using monomer
gas precursors including acctylenc, cthylene methane, cthane, propanc, butanc, or a combination of
two or more of these and a co-monomer gas including air, oxygen, water vapor, or a combination of

two or more of these.

25. A method of forming the polymeric substrate of any preceding claim, comprising
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. providing a polymeric article having a contact surface comprising carbon; and
. treating the contact surface with a conversion plasma comprising water vapor and
oxygen under conditions eflective to form a converted surface having a biomolecule
recovery percentage, for an aqueous protein dispersion having a concentration from 0.01
nM to 1.4 nM, optionally 0.05 nM to 1.4 nM, optionally 0.1 nM to 1.4 nM, in contact
with the converted surface, greater than the biomolecule recovery percentage of the
contact surface before treating the contact surface with the conversion plasma.
26. The method of claim 25, in which the conditions of the treating step are effective to
provide a biomolcculc recovery percentage, for an aqucous protein dispersion having a concentration
from 0.01 nM to 1.4 nM, optionally 0.05 nM to 1.4 nM, optionally 0.1 nM to 1.4 nM, in contact with

the converted surface, greater than 80%.

27. The method of claim 25 or 26, in which the plasma is generated at a remote point
from the contact surface, where the ratio of the radiant energy density at the remote point of
conversion plasma treatment to the radiant energy density at the brightest point of the conversion

plasma is less than 0.5, optionally less than 0.25, optionally substantially zero, optionally zero.
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