
TETRAPHOSPHORUS LIGANDS FOR CATALYTIC HYDROFORMYLATION
AND RELATED REACTIONS Cross Reference to Related
Application [001] This application claims the benefit
of priority of Provisional Application No. 60/750,733
filed December 15, 2005, which is incorporated herein
by reference. Field of the Invention [002] The present
invention relates to new phosphorous ligands and their
applications in hydroformylation and related
reactions/ More particularly, the present invention
relates to transition metal complexes having chelating
tetraphosphorus ligands with multichelating modes.
Tetraphosphorus ligands with multichelating modes can
enhance coordinating abilities for transition metals
such as Rh and Ni, and thus enhance selectivities of
catalytic reactions. The transition
metal-tetraphosphorus complexes according to the
present invention are useful as catalysts in
hydroformylation, isomerizationhydroformylation,
hydrocarboxylation, hydrocyanation, tandem reactions
such as isomerization-formylation, and
hydroaminomethylation. Background of the Invention
[003] Hydroformylation, discovered by Roelen in 1938,
has been the largest homogeneous catalytic process in
industry. More than 15 billion pounds of aldehydes and
alcohols per year have been produced based on Fe, Zn,
Mn, Co, Cu, Ag, Ni, Pt, Pd, Rh, Ru and Ir based
catalysts. In these processes, achieving high
selectivity to linear products is extremely important
for commercial application. Despite the extensive
investigation by both academic and industrial groups
such as BASF, Dow, Shell and Eastman, among others,
there still remain fundamental and practical problems
regarding selectivity. New concepts for controlling
selectivities are very important in catalytic
reactions. Highly efficient selective catalysts will
allow some bulky chemicals to be produced in an
environmentally sound manner under milder conditions.
[004] Cobalt catalysts (e.g., HCo(CO)4) dominated
industrial hydroformylation until rhodium catalysts
(e.g., HRh(CO)2(PPh3) ) were introduced in earlier
1970's. In 2004, it isestimated that approximately 75%
of all hydroformylation processes were based on
rhodium trlarylphosphine catalysts. Achieving high
regioselectivity to linear aldehydes is critical for
hydroformylation and related reactions. The resulting
aldehydes are converted to alcohols, 



carboxylic acids or other derivatives, which are used
as plasticizers, detergents, surfactants, solvents,
lubricants and chemical intermediates. [005] Scheme 1
below shows the dissociation of a Rh catalyzed
hydroformylation catalyst. [006] The successful
commercialization of HRh(CO)(PPh3)2 technology has
been based on the key discovery of Pruett at Union
Carbide and Booth at Union oil that the use of rhodium
with excess phosphine ligand can lead to forming
active, selective hydroformylation catalysts. The need
for excess phosphines is due to the facile Rh-PPh
dissociation in the catalytic system as illustrated by
Scheme 1. Loss of PPh3 from HRh(CO)(PPlIa) results in
more active, but less regioselective hydroformylation
catalysts B and C. In the commercial process, up to an
820 fold excess of PPI13 to Rh is used to assure high
linea pbranch selectivity ratio, i.e., up to 17:1, for
the hydroformylation of 1-hexene. Commercial
hydroformylation of propylene has been run with a 400
fold excess of PPli3 to Rh with a linea pbranch
selectivity ratio of 8-9:1 being achieved. [007]
Rh/PPh ) catalyzed hydroformylation is the key for
making all oxo alcohols. Propylene is the largest
single alkene hydroformylated to produce
butylaldehyde, which can be hydrogenated to produce
butanol, or dimerized by an aldol condensation and
then hydrogenated to form 2-ethyl-l-hexanol, the
largest single product produced by hydroformylation
(over 5 billion lbs a year). 2-ethyl-l-hexanol is
usually reacted withphthalic anhydride to produce
dialkyl phthalic esters that are used as plasticizers
to keep polyvinyl chloride plastics soft and flexible.
[008] In the hydroformylation process, it is critical
to get cheaper feed stocks for starting materials. For
example, internal higher alkenes (SHOP alkenes) such
as 3-octenes are desirable for converting the alkenes
to linear aldehydes. Direct use of raffinate II (a
mixture of n-butenes/butanes) and 1-butene and
2-butene mixtures are useful for hydroformylation. For
hydroformylation of n-alkenes, it is important to
obtain high linear selectivity. Hydroformylation of
allylie alcohol and subsequent reduction can lead to
1, 4 butenol. Functionalized internal alkenes can be
used as alternative routes to bifunctional building
blocks- for polymers. Hydroformylation of
methyl-3-pentenoate leads to making starting materials
for polyamides and polyesters. In the
tandem-isomerization and hydroformylation processes,
high isomerization rates combined with high
selectivity towards 



terminal aldehydes are desirable with minimized
undesirable hydrogenation reactions and minimiun
isomerization towards conjugated compounds. [009] To
overcome the need of using large excess of phosphines
in the hydroformylation processes and achieve high
regioselectivity, a new generation of transition metal
catalysts were developed using bisphosphine iigands.
-For example: Bisbi by Eastman Chemical; Xantphos by
Prof. Leeuwen (University of Amsterdam), Bernhard
Breit, Ace. Chem. Res. 2003, 36, 264-275, Bernhard
Breit, Wolfgang Seiche, Synthesis 2001, 1, 1-36); and
UC-44 by Union Carbide. These ligands are illustrated
below. Bisbi Xantphos By using these ligands, a
typical 400 fold excess of PPh3 has been reduced to a
5 fold excess of chelating phosphines. This new
generation of chelating phosphines has led to high
lineapbranched ratios as well as to higher catalytic
activities. For example, a linear to branchratio of
70-120:1 for hydroformylation of 1-hexene has been
observed. Casey and van Leeuwen proposed that part of
regioselectivity in the Rh-catalyzed hydroformylation
is due to metal bisphosphine bite angle around 120
degree is formed, i.e., "the Bite angle hypothesis" as
illustrated below. Chelating Bisphosphine Reducing the
use of excess PPh3 : 120 degree [0010] Despite that a
number of chiral bisphosphorus ligands being-used as
catalysts for hydroformylation and related reactions,
the highly selective, active phosphorus ligands for
hydroformylation still remain an area of strong
research interest. However, because of the
dissociation of phosphines from the Rh-CO
coordination, is a problem for achieving high
regioselectivity, that is high linear to branch ratios
of the products produced. Developing families of
phosphorus ligands with multi-chelating coordination
modes is attractive. The tetraphosphorous ligands of
the present invention, because of their coordinating
abilities through multi-chelating coordination modes,
lead to highly regioselective transition in
metalligand catalyzed hydroformylation and related
reactions to provide high linear to branch ratios than
those previously obtained. Also, the symmetric nature
of these ligands allows these ligands to be prepared
easily. Summary of the Invention 



[0011] In the present invention, we introduce a
variety of tetraphosphorus ligands (Type A) with
multi-chelating coordination modes as illustrated
below to enhance coordination abilities:where M is a
metal selected from the group consisting of Fe, Zn,
Mn, Co, Cu, Ag, Ni, Pt, Pd, Rh, Ru and Ir; X is
selected from the group consisting of O, NH5NR and
CH2; Y is selected from the group consisting of Ar,
OAr and pyrrole; R is an organic group and Ar is an
aryl group. Type A ligand is a tetraphosphorous ligand
of the present invention. Type B ligand is a
bisphosphorous ligand. As illustrated below, the
tetraphosphorus ligand (Type A) has at least four
chelating coordination modes to enhance coordination
abilities whereas the bisphosphorus ligand (Type B)
has a single mode, namely, Pi-M-P 2. Compared with
normal bisphosphorus ligands (Type B), the
multi-chelating tetraphosphorus ligands (Type A) of
the present invention enhance the coordinating
abilities of ligands without major change of
electronic properties of ligands. Detailed Description
of the Invention [0012] The present invention is
directed to tetraphosphorous ligands having
multichelating coordination modes to used as catalysts
for hydroformylation and related reactions. The
transition metal catalysts prepared using the
tetraphosphorous ligands of the present invention are
highly active and regioselective. The tetraphosphorous
ligands of the present invention have the following
generic structure:wherein i, j , k, 1, m and n are,
independently, H, R, Ar, substituted Ar, OR, OAr,
COOEt, halide, SO2R SO3H, SO2NHR, POR2, POAr2 or NR2,
where R is an alkyl, substituted alkyl, aryl or
substituted aryl and Ar is an aryl; X1-X4 are,
independently, R, Ar, OR, OAr, pyrrole or substituted
pyrrole, where R is an alkyl, substituted alkyl, aryl
or substituted aryl and Ar is an aryl; and Yi, Y'i, Y
, Y'2, Y Y'3, Y4, Y'4, are, independently, R, Ar, OR,
OAr, pyrrole or substituted pyrrole, where R is an
alkyl, substituted alkyl, aryl or substituted aryl and
Ar is an aryl, or where R, Ar, OR, OAr, pyrrole and
substituted pyrrole are linked with a carbon to carbon
bond, CH , NH, NR and O. The substituted groups would
include, for example, methyl, ethyl, *-butyl and
phenyl. [0013] The following illustrates a first
embodiment of the invention: wherein X is O, CH2, NH,
NR, NSO2R or NSO2Ar, where R is an alkyl, substituted
alkyl, aryl or substituted aryl and Ar is an aryl; and
a, b c, d, i, j , k 1, m and n are, independently, H,
alkyl, aryl, substituted alkyl, substituted aryl, OR,
OAr, SiR3 CF3, COOR, SO3R, SO3H, 



POR , halide or two of a, b, c, d, i, j , k, 1, m and
n can be a cyclic fused ring or an extended aromatic
ring, where R is an alkyl, substituted alkyl, aryl or
substituted aryl and Ar is an aryl. [0014] A second
embodiment of the invention is illustrated
below:wherein X is O, CH2, NH, NR, NSO2R or NSO2Ar,
where R is an alkyl, substituted alkyl, aryl or
substituted aryl; and Ar is an aryl; and a, b, c, d,
e, f, i, j , k, I, m and n are, independently, H,
alkyl, aryl, substituted alkyl, substituted aryl, OR,
OAr5 SiR3, COOR, SO3R, SO3H, POR2, halide or two of a,
b, c, d, e, f, i, j , k, 1, m and n can be a cyclic
fused ring or an extended aromatic ring, where R is an
alkyl, substituted alkyl, aryl or substituted aryl and
Ar is an aryl. [0015] A third embodiment of the
invention is illustrated below: wherein X is O, CH2,
NH, NR3 NSO2R or NSO2Ar, where R is an alkyi,
substituted alkyl, aryl or substituted aryl and Ar is
an aryl; and a, b, c, d, e, i, j , k, 1, m and n are,
independently, H5 alkyl, aryl, substituted alkyl,
substituted aryl, OR, OAr, SiR3, CF3, COOR, SO3R5
SO3H, POR , halide, NR2, or two of a, b, c, d, e, i, j
, k, 1, m and n can be a cyclic fused ring or
anextended aromatic ring, where R is an alkyl,
substituted alkyl, aryl or substituted aryl and Ar is
an aryl. [0016] A fourth embodiment of the invention
is illustrated below: wherein X is O, CH2, NH, NR, NSO
2R or NSO2Ar where R is an alkyl, substituted alkyl,
aryl or substituted aryl and Ar is an aryl; Y is a
carbon-carbon bond, O, CH , NH or NR, where R is an
alkyl, substituted alkyl, aryl or substituted aryl;
and a to n are,- independently, H, alkyl, aryl,
substituted alkyl, substituted aryl, OR, OAr, SiR3,
CF3, COOR, SO3R, SO3H, POR2, halide, NR2, or two of a
to n can be a cyclic fused ring or an extended
aromatic ring, where R is an alkyl, substituted alkyl,
aryl or substituted aryl and Ar is an aryl. [0017] A
fifth embodiment of the invention is illustrated
below:wherein X is O, CH2, NH, NR, NSO2R, or NSO2Ar,
where R is an alkyl, substituted alkyl, aryl or
substituted aryl and Ar is an aryl; and a, b, c, d, e,
i, j , k, 1, m and n are, independently, H, alkyl,
aryl, substituted alkyl, substituted aryl, OR, OAr,
SiR3, CF3, COOR, SO3R, SO3H, POR , halide, NR2, or two
of a, b, c, d, e, i, j , k, 1, m and n can be a cyclic
fused ring or an extended aromatic ring, where R is an
alkyl, substituted alkyl, aryl or substituted aryl and
Ar is an aryl. [0018] A sixth embodiment of the
invention is illustrated below:wherein X is O, CH2,
NH, NR, NSO2R or NSO2Ar, where R is an alkyl,
substituted alkyl, aryl or substituted aryl and Ar is
an aryl; and a to n are, independently, H, alkyl,
aryl, substituted aikyl, substituted aryl, OR, OAr,
SiR3, CF3, COOR, SO3R, SO3H, POR2, halide, 



NR2, or two of a to n can be a cyclic fused ring or an
extended aromatic ring, where R is an alkyl,
substituted alkyl, aryl or substituted aryl and Ar is
an aryl. When d and e are not hydrogen, enantiomers of
these ligands can prepared for asymmetric catalytic
reactions. [0019] Examples of the tetraphosphorus
ligands of the present invention (Ll to L91) are
illustrated below:ANTIMICROBIAL ADHESIVE FILMS
CROSS-REFERENCE TO RELATED APPLICATIONS Priority is
claimed to U.S. Provisional Patent Application No.
60/743,036, filed December 14, 2005, the disclosure of
which is incorporated herein by reference in its
entirety. FIELD OF THE INVENTION The present invention
relates to antimicrobial films. In particular, the
present invention relates to antimicrobial adhesive
films for use on surfaces to reduce the risk of
contamination by undesired microorganisms. BACKGROUND
- Contamination by microorganisms can have dramatic
impact on human life and health. During everyday
routines, people continuously come into contact with a
variety of surfaces that are contaminated with one or
more types of microorganisms, some of which may be
pathogens. Such surfaces may include countertops,
tables, and food preparation surfaces in restaurants,
splash guards and conveyor belts in food processing
plants, public facilities, display applications, and a
variety of surfaces in healthcare settings.
Contamination with pathogenic microorganisms in such
locations may result in the spread of disease and
infections to people, which correspondingly endangers
human lives and increases health care costs. To
counter the spread of undesired microorganisms,
contaminated surfaces are typically cleaned and
sanitized. While this provides an immediate reduction
in concentration of microorganisms on given surfaces,
the surfaces must be repeatedly cleaned and sanitized
on a frequent basis to continue to prevent
contamination by microorganisms. Accordingly, there is
a need for a durable means for reducing microbial
contamination that is easy to use and is effective at
reducing microbial contamination over extended periods
of time.BRIEF SUMMARY OF THE INVENTION 



The present invention relates to a multi-layer film
for reducing contamination on a surface, by
microorganisms, and a method of making the multi-layer
film. The multi-layer film can include a core layer
having a first surface and a second surface opposite
the first surface, an adhesive layer disposed adjacent
the first surface of the core layer, and an
antimicrobial layer disposed adjacent the second
surface. The antimicrobial layer can include a
cross-linked polymeric matrix and an antimicrobial
agent dispersed within the cross-linked matrix, where
the cross-linked matrix can be derived from a
polymerizable precursor comprising a material selected
from the group consisting of polymerizable monomer,
polymerizable polymer having a molecular weight of
about 1,000 or less, and combinations thereof. BRIEF
DESCRIPTION OF THE DRAWINGS FIG. 1 is a side sectional
view of a multi-layer film of the present invention.
While the above-identified FIG. 1 sets forth one
embodiment of the invention, other embodiments are
also contemplated, as noted in the discussion. In all
cases, this disclosure presents the invention by way
of representation and not limitation. It should be
understood that numerous other modifications and
embodiments can be devised by those skilled in the
art, which fall within the scope and spirit of the
principles of the invention. FIG. 1 may not be drawn
to scale. DETAILED DESCRIPTION FIG. 1 is a side
sectional view of multi-layer film 10 of the present
invention adhered to surface 12. Multi-layer film 10
is an antimicrobial adhesive film that includes
antimicrobial hardcoat layer 14, core layer 16, and
adhesive layer 18. As shown, core layer 16 includes
top surface 16a and bottom surface 16b, where
antimicrobial hardcoat layer 14 is disposed adjacent
top surface 16a and adhesive layer 18 is disposed
adjacent bottom surface 16b. Directional terms such as
"top" and "bottom" are used for ease of discussion,
and are not intended to be limiting. Surface 12 may be
any surface that may incur contamination by
microorganisms, such as table and counter tops, food
preparation surfaces, surfaces foundin publicly used
locations and facilities (e.g., public telephones,
public transportation, and public lavatory
facilities), touch-screen displays, door handles,
light switches, and surfaces 



found in healthcare settings (e.g., bed rails and side
tables). While surface 12 is shown as a flat, planar
surface, multi-layer film 10 may also be coated
on/applied to curved and irregular shaped surfaces. As
used herein and in the appended claims, the term
"microorganism," "microbe," or a derivative thereof,
is used to refer to any microscopic organism,
including without limitation, one or more of bacteria,
viruses, algae, fungi and protozoa. In some cases, the
microorganisms of particular interest are those that
are pathogenic, and the term "pathogen" is used herein
to refer to any pathogenic microorganism. Surface 12
includes segments 12a and 12b, where segment 12a is
the portion of surface 12 that is disposed below
multi-layer film 10, and segments 12b are exposed
portions of surface 12. Segment 12a is any portion of
surface 12 that is at risk of contamination by
microorganisms. In some embodiments, segment 12a
extends across an entire area of a given surface 12
(e.g., touch-screen displays). In such embodiments,
multi-layer film 10 can extend across the entire area
of surface 12 to reduce microbial contamination of any
portion of surface 12. Multi-layer film 10 may be
adhered to segment 12a of surface 12 to reduce
microbial contamination on segment 12a of surface 12
for extended periods of time (e.g., days, weeks, or
months, rather than hours). In use, adhesive layer 18
of multi-layer film 10 is laminated on surface 12 such
that antimicrobial hardcoat layer 14 faces away from
surface 12. Prior to adhering multi-layer film 10,
surface 12 may be cleaned and/or sanitized to remove
any previously collected dirt and microbial
contamination. When adhered to surface 12, multi-layer
film 10 reduces the risk of additional microorganisms
contacting and contaminating segment 12a of surface
12. First, multi-layer film 10 functions as a physical
barrier that prevents microorganisms from contacting
surface 12 at segment 12a. In addition, antimicrobial
hardcoat layer 14, which includes one or more
antimicrobial agents, biologically attacks
microorganisms that come into contact with multi-
layer film 10. This combination of physically blocking
and biologically attacking microorganisms effectively
reduces the risk of microbial contamination on segment
12a of surface 12.The antimicrobial agents of
antimicrobial hardcoat layer 14 are dispersed within a
cross-linked matrix, which substantially prevents or
retards the antimicrobial 



agents from being washed out of multi-layer film 10.
Additionally, the cross-linked matrix of antimicrobial
hardcoat layer 14 is abrasion resistant, which imparts
physical durability to segment 12a of surface 12 while
multi-layer film 10 is applied. Abrasion resistance is
particularly beneficial for use with surfaces that are
continuously subjected to wear and scratching.
Antimicrobial hardcoat layer 14 retains its integrity
while being subjected to such conditions to prevent
damage to core layer 16 and/or adhesive layer 18, and
to prevent the antimicrobial agents from being
undesirably extracted from the crosslinked matrix. In
some embodiments, multi-layer film 10 is a thin,
transparent film, which allows multi-layer film 10 to
be adhered to surfaces (e.g., surface 12) without
detracting from the visual and topographical
characteristics of the surfaces. For example,
multi-layer film 10 may be laminated on ornamental
tables without detracting from the aesthetic qualities
of the given tables. Additionally, multi-layer film 10
is particularly suitable for display applications,
such as touch-screen displays. Multi-layer film 10 may
be adhered over an entire screen surface of a
touch-screen display, thereby allowing antimicrobial
hardcoat layer 14 to provide protection against
microbial contamination when users operate the
touch-screen display. Alternatively, multi-layer film
10 may be a colored, transparent film or an opaque
film. Multi-layer film 10 may be printed or otherwise
decorated with patterns and/or alphanumeric characters
to impart information. The decorative pattern may be
applied beneath antimicrobial hardcoat layer 14 and on
top of core layer 16, or other intervening layers such
that antimicrobial hardcoat layer 14 protects the
information. As further shown in FIG. 1, multi-layer
film 10 has an overall layer thickness 1Ot, which
includes thickness 14t of antimicrobial hardcoat layer
14, thickness 16t of core layer 16, and thickness 18t
of adhesive layer 18. Examples of suitable thicknesses
for overall layer thickness 1Ot range from about 50
micrometers to about 1,000 micrometers, with
particularly suitable thickness ranging from about 80
micrometers to about 250 micrometers. Examples of
suitable thicknesses for thickness 14t of
antimicrobial hardcoat layer 14 range from about 1
micrometer to about 25 micrometers. Similarly,
examples of suitable thicknesses for thickness 16t of
core layer 16 range fromabout 40 micrometers to about
250 micrometers. Suitable thicknesses for thickness
18t of 



adhesive layer 18 may vary depending on the type of
adhesive materials used and adhesive properties
desired. Examples of suitable thicknesses for
thickness 18t of adhesive layer 18 range from about 10
micrometer to about 50 micrometers. As discussed
above, antimicrobial hardcoat layer 14 includes
antimicrobial agents that are dispersed or dissolved
within the cross-linked matrix. The cross-linked
matrix may be derived from any type of polymerizable
precursor that is compatible with the incorporated
antimicrobial agent(s). Examples of suitable
polymerizable precursors for use in antimicrobial
hardcoat layer 14 include radiation-curable materials,
such as polymerizable monomers, polymerizable polymers
having molecular weights of about 1,000 or less (e.g.,
oligomers and macromonomers), ceramer compositions
thereof, and combinations thereof. Particularly
suitable polymerizable polymers of the polymerizable
precursor have molecular weights of about 500 or less,
and even more particularly suitable polymerizable
polymers of the polymerizable precursor have molecular
weights of about 200 or less. The term "radiation
curable" refers to functionality directly or
indirectly pendant from the backbone that reacts
(i.e., cross-links) upon exposure to a suitable source
of curing energy. Suitable radiation cross-linkable
groups for the polymerizable precursors include epoxy
groups, (meth)acrylate groups (acryl and methacryl
groups), olefnic carbon-carbon double bonds, allyloxy
groups, alpha-methyl styrene groups, (meth)acrylamide
groups, cyanate ester groups, vinyl ethers groups, and
combinations thereof. The polymerizable precursors may
be rnonofunctional or multifunctional (e.g., di-,
tri-, and tetra-) in terms of radiation-curable
moieties. Examples of suitable monofunctional
polymerizable precursors include styrene, alpha-methyl
styrene, substituted styrene, vinyl esters, vinyl
ethers, N-vinyl-2-pyrrolidone, (meth)acrylamide,
Nsubstituted (meth)acrylamide, ctyl (meth)acrylate,
nonylphenol ethoxylate (meth)acrylate, isononyl
(meth)acrylate, isobornyl (meth)acrylate, 2-(2-
ethoxyethoxy)ethyl (meth)acrylate, 2-ethylhexyl
(meth)acrylate, lauryl (meth)acrylate,
beta-carboxyethyl (meth)acrylate, isobutyl
(meth)acrylate, cycloaliphatic epoxide, alphaepoxide,
2-hydroxyethyl (meth)acrylate, (meth)acrylonitrile,
maleic anhydride, itaconic acid, isodecyl
(meth)acrylate, dodecyl (meth)acrylate, n-butyl
(meth)acrylate, methyl 



(meth)acrylate, hexyl (meth)acrylate, (meth)acrylic
acid, N-vinylcaprolactam, stearyl(meth)acrylate,
hydroxy functional caprolactone ester (meth)acrylate,
isooctyl (meth)acrylate, hydroxyethyl (meth)acrylate,
hydroxymethyl (meth)acrylate, hydroxypropyl
(meth)acrylate, hydroxyisopropyl (meth)aerylate,
hydroxybutyl (meth)acrylate, hydroxyisobutyl
(meth)acrylate, tetrahydrofurfuryl (meth)acrylate,
pentaerythritol pentaacrylate, pentaerythritol
hexaacrylate and combinations thereof. Examples of
suitable multifunctional polymerizable precursors
include ethylene glycol di(meth)acrylate, hexanediol
di(meth)acrylate, triethylene glycol di(meth)acrylate,
tetraethylene glycol di(meth)acrylate,
trimethylolpropane tri(meth)acrylate, ethoxylated
trimethylolpropane tri(meth)acrylate, glycerol
tri(meth)acrylate, pentaerythritol tri(meth)acrylate,
pentaerythritol tetra(meth)acrylate, and neopentyl
glycol di(meth)acrylate, and combinations thereof.
Examples of suitable radiation-curable oligomers for
the polymerizable precursor include oligomers based on
urethane and polyester chemistries. Examples of
commercially available (meth)acrylated urethanes and
polyesters include oligomers commercially available
under the trade designation "PHOTOMER" from Henkel
Corp., Hoboken, NJ; oligomers commercially available
under the trade designation "EBECRYL" from UCB Radcure
Inc., Smyrna, GA; oligomers commercially available
under the trade designation "SARTOMER CN" from
Sartomer Co., Exton, PA; oligomers commercially
available under the trade designation "ACTILANE" from
Akcross Chemicals, New Brunswick, NJ; and oligomers
commercially available under the trade designation
"UVITHANE" from Morton International, Chicago, IL.
Examples of suitable ceramer compositions for the
polymerizable precursor include those disclosed in
Craig et al., U.S. Patent No. 6,299,799 ("the '799
patent"), particularly the ceramer composition
described in Example 3 of the '799 patent. Examples of
commercially available ceramer compositions include
the trade designated "3M 906" Abrasion Resistant
Hardcoat, and the trade designated "SCOTCHGARD"
UVcurable film protector coating, both of which are
available from 3M Corporation, St. Paul, MN.
Additional examples of commercially available
polymerizable precursors include the trade designated
"UVHC3000" materials from GE Silicones, Waterford, NY.



In addition to the polymerizable precursors, the
cross-linked matrix may also include one or more
non-curable materials, such as non-curable
polyurethanes, acrylic material,polyesters,
polyimides, polyamides, epoxies, polystyrene (e.g.,
substituted polystyrenecontaining materials), silicone
containing materials, fluorinated materials, and
combinations thereof. In some embodiments, the
polymerizable precursor also includes one or more
curing agents, such as chain extension agents and
radiation cross-linking agents (e.g.,
photoinitiators). The type of curing agent used
depends on the polymerizable precursor used and on the
wavelength of the radiation used to cure the
polymerizable precursor. Examples of suitable
commercially available free-radical generating
photoinitiators include benzophenone, benzoin ether,
and acylphosphine photoinitiators, such as those sold
under the trade designations "IRGACURE" and "DAROCUR"
from Ciba Specialty Chemicals, Tarrytown, NY.
Co-initiators and amine synergists may also be
included to improve curing rates. Suitable
concentrations of the curing agent in the
cross-linking matrix range from about 1% by weight to
about 10% by weight, with particularly suitable
concentrations ranging from about 2% by weight to
about 5% by weight, based on the entire weight of the
polymerizable precursor. The polymerizable precursor
may also include inorganic oxide fillers to increase
mechanical and durability properties of the
cross-linked matrix, such as hardness, modulus,
abrasion resistance, and refractive index., as
compared to unfilled systems. The presence of
inorganic oxide particles may also decrease both
shrinkage upon curing and the coefficient of thermal
expansion of the resulting cured composition. Examples
of suitable inorganic oxide fillers include
acrylate-treated silica particles, such as those
disclosed in Wu et al., U.S. Patent No. 6,467,897.
Examples of suitable concentrations of inorganic oxide
fillers in the cross-linked matrix range from about
0.1% by weight to about 50% by weight, with
particularly suitable concentrations ranging from
about 5% by weight to about 25% by weight. Inorganic
oxide fillers may absorb part of the incident
radiation during a curing process, thereby depleting
the available energy to activate the curing agents.
This may slow down the curing rate and may result in
poor through and/or surface cure of the cross-linked
matrix. To account for this, a mixture of curing
agents may be used to 



provide both surface and through cure. The
polymerizable precursor may also include optional
additives, such as heat stabilizers, ultraviolet light
stabilizers, fragrances, free-radical scavengers,
dyes,pigments, surfactants, and combinations thereof.
Examples of suitable commercially available
ultraviolet light stabilizers include
benzophenone-type ultraviolet absorbers, which are
available under the trade designation "UVINOL 400"
from BASF Corp., Parsippany, NJ; under the trade
designation "CYASORB UV-1 164" from Cytec Industries,
West Patterson, NJ; and under the trade designations
"TINUVIN 900", "TINUVIN 123" and "TINUVIN 1130" from
Ciba Specialty Chemicals, Tarrytown, NY. Examples of
suitable concentrations of ultraviolet light
stabilizers in the polymerizable precursor range from
about 0.1% by weight to about 10% by weight, with
particularly suitable total concentrations ranging
from about 1% by weight to about 5% by weight.
Examples of suitable free-radical scavengers include
hindered amine light stabilizer (HALS) compounds,
hydroxylamines, sterically hindered phenols, and
combinations thereof. Examples of suitable
commercially available HALS compounds include the
trade designated "TINUVIN 292" from Ciba Specialty
Chemicals, Tarrytown, NY, and the trade designated
"CYASORB UV-24" from Cytec Industries, West Patterson,
NJ. Examples of suitable concentrations of
free-radical scavengers in the polymerizable precursor
range from about 0.05% by weight to about 0.25% by
weight. Examples of suitable surfactants include
anionic, cationic, non-ionic, and zwitterionic
surfactants and emulisifers, such as those disclosed
in Scholz et al., U.S. Patent No. 5,951,993. Examples
of suitable surfactants include polyalkoxylated block
copolymer surfactants, silicone copolyols,
polyethylene oxide alkyl and/or aryl ethers and
esters, and combinations thereof. Suitable
antimicrobial agents for use in antimicrobial hardcoat
layer 14 include any inorganic or organic
antimicrobial agent that is effective for reducing or
retarding contamination by microorganisms. Examples of
suitable inorganic antimicrobial agents include
transition metal ion-based compounds, (e.g., silver,
zinc, copper, gold, tin and platinum-based compounds).
Examples of suitable silver-containing antimicrobial
agents include silver sulfate, silver acetate, silver
chloride, silver lactate, silver phosphate, silver
stearate, silver thiocyanate, silver proteinate,
silver carbonate, silver nitrate, silver 



sulfadiazine, silver alginate, silver nanoparticles,
silver-substituted ceramic zeolites, silver complexed
with calcium phosphates, silver-copper complexed with
calcium phosphates, silver dihydrogen citrates, silver
iodines, silver oxides, silver zirconium phosphates,
silversubstituted glass, and combinations
thereof.Suitable commercially available
silver-containing antimicrobial agents include silver
zeolites, such as those sold under the trade
designation "AGION" from AgION Technologies Inc.,
Wakefield, MA; those available under the trade
designations "IRGAGUARD B5000" and "IRGAGUARD B8000",
which are based on AgZn zeolites supplied by Ciba
Specialty Chemicals, Tarrytown, NY; as well as those
available under the trade designation "ALPHASAN",
which are silver sodium hydrogen zirconium phosphates,
supplied by Milliken Chemicals, Spartanburg, SC.
Examples of suitable organic antimicrobial agents
include those that are non-reactive with the
polymerizable precursor and those that react and
chemically bind with the polymerizable precursor.
Suitable non-reactive organic antimicrobial agents
include polymeric quaternary ammonium salts such as
2-butenyldimethyl ammonium chloride polymers
commercially available under the trade designation
"POLYQUAT" from Arch Chemicals, Inc., Norwalk, CT; and
available under the trade designation "BARDAC", from
Lonza Group Ltd., Valais, Switzerland; phenolic
compounds such as phenol and its derivatives,
parabens, and triclosan, which has the chemical
formula 2,4,4'- trichloro-2' -hydroxy diphenyl ether,
and is commercially available from Ciba Specialty
Chemicals, Tarrytown, NY; parachlorometaxylenols,
poly(iminoimidocarbonylimidocarbonyliminohexamethylene
hydrochlorides), commercially available under the
trade designation "VANTOCIL P" from Arch Chemicals,
Inc., Norwalk, CT; biguanide compounds (e.g.,
halogenated hexidines such as chlorhexidine,
chlorhexidine gluconate, and chlorhexidine acetate),
polyhexamethylene biguanides, antimicrobial lipids
such as those disclosed in Scholz et al., U.S.
Publication No. 2005/0089539, which is incorporated
herein by reference, antimicrobial acids (e.g., fatty
acids, benzoic acids, and salicylic acids),
antimicrobial natural oils (e.g., tea tree oils, and
grape fruit seed extracts), and combinations thereof.
Additional suitable non-reactive organic antimicrobial
agents include organic salts of transition metals
(i.e., organometallic antimicrobial agents), such as
silver salts (e.g., silver lactate), copper salts
(e.g., copper napthenate), zinc salts, and tin 



salts (e.g., trialkyl tin hydroxides and triaryl tin
hydroxides). Suitable antimicrobial lipids include,
for example, fatty acid monoesters/monoethers. n some
embodiments, the fatty acid monoesters/monoethers
suitable for the antimicrobial agent are considered
food grade and recognized as safe (GRAS) by the U.S.
Food and Drug Administration (FDA). Such fatty
acidmonoesters/monoethers may be derived from C8 to
C12 fatty acids such as glycerol monoesters of
caprylic acid, capric acid, and lauric acid; propylene
glycol monoesters of caprylic acid, capric acid, and
lauric acid; and combinations thereof. Examples of
suitable fatty acid monoesters include, but are not
limited to, glycerol monolaurate commercially
available under the trade designation "LAURICIDIN"
from Med-Chem Laboratories, East Lansing, MI; glycerol
monocaprylate commercially available under the trade
designation "POEM M-100" from Riken Vitamin Ltd.,
Tokyo, Japan; glycerol monocaprate commercially
available under the trade designation "POEM M-200"
from Riken Vitamin Ltd.; propylene glycol monolaurate.
propylene glycol monocaprylate, and propylene glycol
monocaprate, all commercially available from Uniquema
International, Chicago, IL; and combinations thereof.
Examples of suitable concentrations of the fatty acid
monoesters/monoethers range from about 1.0 % to about
30.0 % by weight. Examples of particularly suitable
concentrations of the fatty acid monoesters/monoethers
in the composition range from about 5.0 %to about
20.0% by weight. The antimicrobial agent may also
include an enhancer and/or a surfactant for use with
the fatty acid monoesters/monethers, as discussed in
Andrew et al., PCT application No. WO 00/71183,
entitled "Antimicrobial Articles," and in Andrews et
al., PCT Application No. WO01/43549, entitled "Fruit,
Vegetable, and Seed Disinfectants," both of which are
incorporated herein by reference in their entireties.
Suitable reactive organic antimicrobial agents include
quaternary aminefunctionalized ethylenically
unsaturated monomers. Quaternary amine-functionalized
ethylenically unsaturated monomers are beneficial for
use in antimicrobial hardcoat layer 14 because they
may polymerize with the polymerizable precursor. This
allows the antimicrobial agent to be chemically bonded
by polymerization to the cross-linked matrix, while
still providing antimicrobial activity to reduce
microorganism contamination. 



Examples of suitable quaternary amine-functionalized
ethylenically unsaturated monomers include
dimethylhexadecylammoniumethylacrylate halides
(DMAEA-Ci halides; e.g.,
dimethylhexadecylammoniumethylacrylate bromides
(DMAEA-Ci6Br)),
dimethylhexadecylammoniumethylmethacrylate halides
(DMAEMA-C16 halides; e.g.,
dimethylhexadecylamrnoniumethylmethacrylate bromides
(DMAEMA-Cl Br)), and derivatives thereof. Examples of
suitable derivatives of DMAEA-Ci 6 halides and
DMAEMA-C 16halides include derivatives of DMAEA-C1 Br
and DMAEMA-CI BT3 as described below, but it should be
understood that similar derivatives of other DMAEA-Ci
6 halides and DMAEMA-C 16 halides are within the
spirit and scope of the present disclosure, and one of
ordinary skill in the art would understand how to
extend the description below to such other halides.
Suitable derivatives of DMAEMA-Ci Br have the
following formula structure: where suitable values for
"n" range from 8-20, with particularly suitable values
for "n" ranging from about 14-16. Such polymer-chain
lengths allow the DMAEMA derivative to move enough
within the cross-linked matrix while also preventing
the DMAEMA derivative from phase separating from the
resulting cross-linked matrix. DMAEMA-Ci Br and its
derivatives may be formed by combining
dimethylaminoethylmethacrylate salt, acetone,
1-bromohexadecane, and optionally, an antioxidant. The
mixture may be stirred for about 16 hours at about 35C
and then allowed to cool to room temperature. The
resulting white solid precipitate may then be isolated
by filtration, washed with cold ethyl acetate, and
dried under vacuum at 400C. Similarly, DMAEA-Cl Br and
its derivatives may be formed by combining
dimethylaminoethylacrylate, of acetone,
1-bromohexadecane, and optionally, an antioxidant. The
mixture may be stirred for 24 hours at 35C, and then
allowed to cool to room temperature. The acetone may
then be removed by rotary evaporation under vacuum at
4O0C. The resulting solids may then be washed with
cold ethyl acetate and dried under vacuum at 400C. The
antimicrobial performance of antimicrobial hardcoat
layer 14 may also be increased by incorporating two or
more synergistic antimicrobial agents into the
crosslinked matrix. An example of a suitable
synergistic composition includes combining a 



quaternary amine-functionalized ethylenically
unsaturated monomer, which bonds chemically into the
cross-linked matrix, and an inorganic silver compound,
which disperses within the cross-linked matrix.
Typically, the quaternary
amine-functionalizedethylenically unsaturated monomer
provides faster antimicrobial activity against gram
(+) bacteria, while silver compounds show slower but
broader antimicrobial activity against both gram (+)
and gram (-) bacteria, viruses, and fungi. Suitable
concentrations of the antimicrobial agent in
antimicrobial hardcoat layer 14 include concentrations
that are high enough to effectively reduce microbial
contamination, and low enough such that the
antimicrobial agent does not phase separate from the
cross-linked matrix. Examples of suitable
antimicrobial agent concentrations in antimicrobial
hardcoat layer 14 generally range from about 1% by
weight to about 30% by weight. However, the suitable
concentrations may vary depending on the antimicrobial
agent used, the polymerizable precursor used, and the
desired level of antimicrobial activity. Suitable
concentration ranges for inorganic antimicrobial
agents in antimicrobial hardcoat layer 14 range from
about 1% by weight to about 20% by weight, with
particularly suitable concentrations ranging from
about 5% by weight to about 10% by weight. Such
concentrations provide suitable antimicrobial activity
without negatively impacting the properties of
antimicrobial hardcoat layer 14. Similarly, suitable
concentration ranges for the above-discussed DMAEA
derivatives and DMAEMA derivatives in antimicrobial
hardcoat layer 14 range from about 2.5% by weight to
about 50% by weight, with particularly suitable
concentrations ranging from about 5% to about 20%. For
antimicrobial agents that polymerize with the
polymerizable precursor (e.g., DMAEA derivatives and
DMAEMA derivatives), the concentrations of the
antimicrobial agents are based on the weight of the
antimicrobial monomer units in the antimicrobial
hardcoat layer 14. While shown as a single layer,
antimicrobial hardcoat layer 14 may alternatively be
derived from multiple polymerized layers. In this
embodiment, antimicrobial hardcoat layer 14 may
include concentration gradients of antimicrobial
agents, where the inner-most layers (closer to core
layer 16) include higher concentrations of
antimicrobial agents relative to the outer-most
layers. 



Core layer 16 is a support substrate that provides
mechanical support to antimicrobial hardcoat layer 14
and adhesive layer 18 during manufacture and use.
Depending on particular applications, core layer 16
may be rigid, semi-rigid, or flexible/conformable.
Suitable materials for core layer 16 include any
rigid, semi-rigid,and conformable polymeric materials,
such as thermoplastic materials (e.g., polyolefins and
polyethylene terephthalates). Particularly suitable
materials include thermoplastic materials that are
optically transparent as thin layers. Additionally,
core layer 16 may be primed or otherwise treated to
promote adhesion to antimicrobial hardcoat layer 14
and/or adhesive layer 18 (e.g., acrylic priming and
corona treatments). When flexible/conformable
materials are used for core layer 16, multi-layer film
10 may be adhered to a variety surface dimensions
(e.g., planar and curved surfaces). Additionally, the
conformability allows multi-layer film 10 to be wound
up and provided as a roll, thereby providing consumers
with a convenient means for using multi-layer film 10.
While shown as a single layer, core layer 16 may
alternatively be derived from multiple layers of the
same or different substrate materials. As such, core
layer 16 may provide a variety of optical enhancement
properties, such as antiglare, antifog, light
polarization, limited or expanded optical wavelength
transmission, reflectivity, and combinations thereof.
As discussed above, adhesive layer 18 allows
multi-layer film 10 to be adhered to surfaces (e.g.,
surface 12). In some embodiments, as described below,
adhesive layer 18 provides good adhesion to surface
12, while also being removable under moderate force
without leaving a residue on surface 12 (e.g.,
removable and/or repositionable pressure sensitive
adhesives). Examples of suitable materials for
adhesive layer 18 include one or more adhesives based
on acrylates, urethanes, silicones, epoxies, rubber
based adhesives (including natural rubber,
polyisoprene, polyisobutylene, and butyl rubber, block
copolymers, and thermoplastic rubbers), and
combinations thereof. Examples of suitable acrylates
include polymers of alkyl acrylate monomers such as
methyl methacrylate, ethyl methacrylate, n-butyl
methacrylate, methyl acrylate, ethyl acrylate, n-butyl
acrylate, iso-octyl acrylate, iso-nonyl acrylate,
2-ethylhexyl acrylate, decyl acrylate, dodecyl
acrylate, n-butyl acrylate, hexyl acrylate, and
combinations thereof. Examples of commercially
available block copolymers include 



those available under the trade designation "KRATON
G-1 657" from Kraton Polymers, Westhollow. TX. As
described above, in some embodiments, adhesive layer
18 can include a removable and/or repositionable
pressure sensitive adhesive. As used herein and in the
appended claims, an adhesive is considered to be
"removable," if after final application toan intended
substrate, the sheet material can be removed without
damage to the substrate at the end of the intended
life of the article at a rate in excess of 7.62
meters/hour (25 feet/hour) by hand with the optional
use of heat. In some embodiments, the removable
pressure sensitive adhesive has a 180 degree peel
strength (from a painted steel substrate employing a
peel rate of 30.5 cm/min) of less than 8 N/cm, and
more particularly less than 6 N/cm. As used herein and
in the appended claims, "repositionable" refers to the
ability to be, at least initially, repeatedly adhered
to and removed from a surface or substrate without
substantial loss of adhesion capability. In some
embodiments, the repositionable pressure sensitive
adhesive has a peel strength, at least initially, to
the substrate surface lower than that for a
conventional aggressively tacky PSA. Examples of
suitable removable and repositionable pressure
sensitive adhesives include those described in Hobbs
et al., U.S. Publication No. 2005/0249791 and
Cooprider et al., U.S. Patent No. 5,571,617, both of
which are incorporated herein by reference; and
adhesives based on solid inherently tacky, elastomeric
microspheres, such as those disclosed in Silver, U.S.
Patent No. 3,691,140, Merrill et al., U.S. Patent No.
3,857,731, and Baker et al., U.S. Patent No.
4,166,152; all of which are incorporated herein by
reference. In some embodiments, adhesive layer 18
includes an electrostatic charge. In some embodiments,
the adhesive layer 18 itself is an electrostatic
charge that can be imparted to the multi-layer film 10
(e.g., the core layer 16). Alternatively, in some
embodiments, the adhesive layer 18 combines an
electrostatic charge with other adhesive components.
Multi-layer films 10 including an electrostatic
adhesive layer 18 can have a permanent electrostatic
charge and can exhibit electrostatic attraction to a
wide variety of surfaces thereby allowing the film to
be removably adhered to the desired surface. Permanent
electrostatic charge can be imparted to the
multi-layer film 10 (e.g., to the core 



layer 16, or to the adhesive layer 18) using corona
charging (e.g., nitrogen or air), as described in
Everaerts et al., U.S. Publication No. 2005/0000642,
which is incorporated herein by reference. In some
embodiments, adhesive layer 18 includes one or more
antimicrobials to provide an additional source of
biocidal activity. This can extend the useful life of
the multi-layer film 10, as described in Hobbs et al.,
U.S. Publication No.2005/0249791. Examples of suitable
antimicrobial agents and concentrations include those
discussed above for antimicrobial hardcoat layer 14.
In some embodiments, the adhesive material of adhesive
layer 18 exhibits sufficient optical quality and light
stability such that the adhesive material does not
yellow with time or upon weather exposure so as to
degrade the viewing quality of the underlying surface
(e.g., surface 12): The adhesive material may be
applied using a variety of known coating techniques
such as transfer coating, knife coating, spin coating,
die coating and the like. Additional examples of
suitable adhesive materials for use in adhesive layer
18 include those described in Draheim et al., U.S.
Publication No. 2003/0012936. Several of such adhesive
materials are commercially available under the trade
designations "8141", "8142", and "8161" adhesives from
3M Corporation, St. Paul, MN. In addition, adhesive
layer 18 may be substantially flat or comprise a
topographical pattern. Topographical patterns are
beneficial for bleeding air out from beneath
multi-layer film 10 as it is applied to surface 12,
thereby reducing the amount of trapped air pockets
beneath multi-layer film 10. Examples of suitable
topographical patterns are discussed in Sher et al.,
U.S. Patent No. 6,91 1,243. Multi-layer film 10 may
also contain one or more tie layers to enhance
adhesion of antimicrobial hardcoat layer 14 and/or
adhesive layer 18 to core layer 16. Examples of
suitable tie layer materials include extrudable
polymers such as ethylene vinyl acetate polymers,
modified ethylene vinyl acetate polymers (modified
with acid, acrylate, maleic anhydride, individually or
in combinations), and combinations thereof. The tie
layer may also include blends of the above-discussed
suitable tie layer materials with thermoplastic
polymers. Tie layers for extrusion coating may also
include materials such as polyethyleneimines, which
are commonly used to enhance the adhesion of extrusion
coated layers. Tie layers can be applied to core layer
16 by coextrusion, 



extrusion coating, laminating, or solvent coating
processes. Examples of suitable layer thicknesses for
the tie layers range from about 25 micrometers to
about 100 micrometers. Multi-layer film 10 may be
formed by initially blending the antimicrobial agent
and the polymerizable precursor. This may be performed
with the use of a solvent, where the resulting blend
may be agitated until well mixed to form a hardcoat
mixture. The resulting hardcoat mixture may then be
coated onto top surface 16a of core layer 16. The
coating step may be performed in a variety of manners,
such as rod coating, knifecoating, curtain coating,
gravature coating, roll coating, extrusion processes,
and wet casting processes. If a solvent is present in
the hardcoat mixture, the coated film may then be
dried to remove the solvents. Examples of suitable
solvents for forming the hardcoat mixture include
water, alcohols (e.g., ethanol and isopropanol),
ketones (e.g., methyl ethyl ketone, cyclohexanone, and
acetone), aromatic hydrocarbons, isophorone,
butyrolactone, Nmethylpyrrolidone, tetrahydrofuran,
esters (e.g., lactates and acetates such as propylene
glycol monomethyl ether acetate, diethylene glycol
ethyl ether acetate, ethylene glycol butyl ether
acetate, dipropylene glycol monomethyl acetate),
iso-alkyl esters (e.g., isohexyl acetate, isoheptyl
acetate, isooctyl acetate, isononyl acetate, isodecyl
acetate, isododecyl acetate, isotridecyl acetate), and
combinations thereof. After drying, the polymerizable
precursor may be polymerized to form antimicrobial
hardcoat layer 14 secured to core layer 16. The energy
source used for achieving polymerization of the
radiation curable functionality may be actinic (e.g.,
radiation having a wavelength in the ultraviolet or
visible region of the spectrum), accelerated particles
(e.g., electron beam radiation), or thermal (e.g.,
heat or infrared radiation). Suitable sources of
actinic radiation include mercury lamps, xenon lamps,
carbon arc lamps, tungsten filament lamps, lasers,
electron beam energy, sunlight, and the like. A
suitable commercially available ultraviolet-radiation
system is a Fusion Systems UV Processor, Model MC6RQN,
which is commercially available from Fusion UV
Systems, Gaithersburg, MD. The film may undergo one or
more passes through the UV Processor to ensure
substantial polymerization of antimicrobial hardcoat
layer 14. The total radiation dose applied generally
depends on the type of radiation source used, the
thickness of 



antimicrobial hardcoat layer 14, and the chemistry of
antimicrobial hardcoat layer 14. As discussed above,
antimicrobial agents such as quaternary
amine-functionalized ethylenically unsaturated
monomers may also react with the polymerizable
precursor. After antimicrobial hardcoat layer 14 is
polymerized, adhesive layer 18 may be laminated on
bottom surface 16b of core layer 16 using standard
lamination techniques. Multi-layer film 10 may also
include a release liner (not shown) that is disposed
on the exposed surface of adhesive layer 18, opposite
of core layer 16. This protects adhesive layer 18
prior to use. Suitable release liners for use with
multi-layer film10 may be made of materials such as
kraft papers, polyethylene, polypropylene,
polyethylene, and combinations thereof. In some
embodiments, the release liners are coated with
compositions containing release agents, such as
polymerized fiuorochemicals or silicones. The low
surface energy of the liner provides for an easy
removal from adhesive layer 18. Alternatively, an
adhesive coated core layer may be coated with the
antimicrobial hardcoat top layer 14 and cured.
Multi-layer film 10 may also include an end-of-service
indicator to provide visual indication prompting the.
user to replace multi-layer film 10. Examples of
suitable end-of-service indicators include
time-temperature indicators and color changing dyes.
An end-of-service indicator may be applied to
multi-layer film 10 in the form of a label or paint to
the corners of multi-layer film 10 after multi-layer
film 10 is applied on surface 12. In some embodiments,
the indicator is calibrated to indicate a color change
at about the time when the corresponding multi-layer
film 10 should be replaced (e.g., when the
antimicrobial activity levels have substantially
decreased). Time-temperature indicators typically
operate by chemical reaction mechanisms, diffusion
mechanisms, and capillary driven, fluid-wicking
mechanisms. Examples of suitable time-temperature
indicators are disclosed in Bommarito, et al., U.S.
Patent No. 6,741,523 (i.e., microstructured
time-dependent indicators) and Arens, et al., U.S.
Patent No. 5,667,303, both which are incorporated by
reference in their entireties, and in The Wiley
Encyclopedia of Packaging Technology, 400-406 (John
Wiley & Sons, 1986) under the section entitled
"Indicating Devices". Examples of suitable
commercially available time-temperature indicators
include those sold under the trade designations 



"MONITOR MARK" from 3M Corporation, St. Paul, MN;
"WARM MARK" from Dry Pak Industries, Studio City, CA;
"FRESH CHECK" from Lifelines Technology Inc., Morris
Plains, NJ; "VISTAB" from Visual Indicator Tag Systems
AB, Malmd, Sweden; and "TT MONITOR" from Avery
Dennison Corporation, Pasadena, CA. Multi-layer film
10 may be provided to an end user in a variety of
arrangements. For example, multi-layer film 10 may be
provided as a roll of tear-away film that allows
consumers to remove desired amounts of multi-layer
film 10 for individualized uses. Alternatively,
multi-layer film 10 may be provided with pre-cut
dimensions to fit industry standard components, such
as touch-screen displays. Multilayer film 10 may also
be tailored to specific uses by varying the types and
concentrations of the antimicrobial agents in
antimicrobial hardcoat layer 14. For example,
multi-layer film 10 may include antimicrobial agents
that are effective against particular pathogens (e.g.,
gram positive or gram negative pathogens). In use on a
surface, multi-layer film 10 provides both physical
and antimicrobial protection to the given surface. The
abrasion resistance of antimicrobial hardcoat layer 14
protects the surface from physical damage while
multi-layer film 10 is adhered to the surface.
Additionally, the antimicrobial agents can reduce
pathogenic contamination of the surface. Examples of
suitable levels of antimicrobial activity include
microbial load reductions of at least about 90% for at
least one of 5". aureus (gram positive) and Ps.
aeruginosa (gram negative) pathogens. Examples of even
more suitable levels of antimicrobial activity include
microbial load reductions of at least about 99% for at
least one of S. aureus (gram positive) and Ps.
aeruginosa (gram negative) pathogens. Examples of
particularly suitable levels of antimicrobial activity
include microbial load reductions of at least about
90% for both of S. aureus (gram positive) and Ps.
aeruginosa (gram negative) pathogens. Finally,
examples of even more particularly suitable levels of
antimicrobial activity include microbial load
reductions of at least about 99% for both of S. aureus
(gram positive) and Ps. aeruginosa (gram negative)
pathogens. The "microbial load reductions" herein
refer to microbial load reductions obtained pursuant
to ASTM E2180-01. When replacing multi-layer film 10,
a user may peel multi-layer film 10 with a moderate
force to delaminate adhesive layer 18 from the surface
12. The user may 



then dispose of the used multi-layer film 10, and
adhere a second multi-layer film 10 to the surface 12
to further extend the period of protection against
pathogen contamination. Alternatively, the multi-layer
film 10 may be one of a plurality of multi-layer films
10 provided in a stack. The stack can then be adhered
to the surface 12, and the uppermost multi-layer film
10 in the stack can be peeled from the stack to expose
a fresh multi-layer film. EXAMPLES The present
invention is more particularly described in the
following examples that are intended as illustrations
only, since numerous modifications andvariations
within the scope of the present invention will b e
apparent to those skilled in the art. Unless otherwise
noted, all parts, percentages, and ratios reported in
the following examples are on a weight basis, and all
reagents used in the examples were obtained, or are
available, from the chemical suppliers described
below, or may be synthesized by conventional
techniques. The following compositional abbreviations
are used in the following Examples: "AgION": A
silver-containing inorganic zeolite food-grade
antimicrobial agent, type AJ, which contains 2.5%
silver, and which is commercially available under the
trade designation "AgION" Antimicrobial from AgION
Technologies, Inc., Wakefield, MA. "Alphasan": A
silver zirconium phosphate, commercially available
under the trade designation "ALPHASAN R C 5000" from
Milliken Chemicals, Spartanburg, SC. "Silver glass": A
silver glass antimicrobial agent, commercially
available from Giltech, Scotland, UK. "Copper glass":
A copper glass antimicrobial agent, commercially
available from Giltech, Scotland, UK. ""SSiillvveerr
nnaannooppaarrttiicclleess"":: A 20% silver
nanoparticle dispersion in isopropanol, commercially
available under the trade designation "SILVERJET
DGP-(I)-20" from Advanced Nano Particles 



(ANP), Seoul, South Korea. "Silver oxide": Silver
oxide (AgO) having a formula weight o f 123.9,
commercially available from Alfa Aesar, Ward Hill, MA.
'Ammonium Carbonate": Ammonium carbonate salt,
commercially available from Aldrich, Milwaukee, WI.
"Triclosan": Triclosan antimicrobial agent,
commercially available from Ciba Specialty Chemicals.,
Tarrytown, NY. "DMAEMA-CCl":
Dimethylhexadecylammoniumethylmethacrylate-CCl
antimicrobial agent, commercially available from Ciba
Specialty Chemicals, Tarrytown, NY.'Cosmocil CQ": An
antimicrobial agent commercially available under the
trade designation "COSMOCIL CQ" from Avecia, Inc.,
Wilmington DE. "Vantocil P": A
poly(iminoimidocarbonylimidocarbonyliminohexamethylene
hydrochloride), commercially available under the trade
designation "VANTOCIL P" from Arch Chemicals, Inc.,
Norwalk, CT. "Myacide AS Plus": An antimicrobial agent
commercially available under the trade designation
"MYACIDE AS PLUS" from BASF Corp., Parsippany, NJ.
'CHG": 20% chlorhexidine gluconate by weight in water,
commercially available from Xttrium Laboratories,
Inc., Chicago, IL. 'Bardac 205M": A quaternary
ammonium compound commercially available under the
trade designation "BARDAC 205M" from Lonza Group Ltd.,
Valais, Switzerland. 'Bardac 208M": A quaternary
ammonium compound commercially available under the
trade designation "BARDAC 208M" from Lonza Group Ltd.,
Valais, Switzerland. "3M 906 Hardcoat": A
polymerizable precursor commercially available under
the trade designation "3M 906" Abrasion Resistant
Hardcoat, 



from 3M Corporation, St. Paul, MN. "3M SG
composition": A polymerizable precursor commercially
available under the trade designation "SCOTCHGARD"
UV-curable film protector composition, from 3M
Corporation, St. Paul, MN. "UVHC3000": A polymerizable
precursor commercially available under the trade
designation "UVHC3000", from GE Silicones, Waterford,
NY. '3M UV-Formulation": A polymerizable precursor
containing 13.84 parts of an aliphatic urethane
diacrylate diluted with 12% hexanediol diacrylate
(commercially available under the trade designation
"EBECRYL 284" from UCB Chemicals,Smyrna, GA), 24.24
parts of iso-octyleacrylate (available from Sartomer
Co., Exton, PA), 13.84 parts etrahydrofurfurylacrylate
(also available from Sartomer Co.), 5 parts
benzophenone free radical-generating photoinitiator
(also available from Sartomer Co.), and 5 parts
isopropylthioxanthone photoinitiator synergist
(available from Aceto Corp.,New Hyde Park, NY).
"Irgacure 819": A phosphine oxide, phenyl bis
(2,4,6-trimethyl benzoyl)) photoinitiator,
commercially available under the trade designation
"IRGACURE 819", from Ciba Specialty Chemicals,
Tarrytown, NY. "PET film": A polyethylene
terephthalate film with acrylate-primed layer,
commercially available from Mitsubishi, Japan. "BOPP
Film": A biaxially-oriented, corona-treated,
polypropylene film available from 3M Corporation, St.
Paul, MN. "Lauricidin": A glycerol monolaurate fatty
acid monoester, commercially available under the trade
designation "LAURICIDIN" from Med-Chem Laboratories,
East Lansing, MI. "DOSS surfactant": A
dioctylsulfosuccinate (DOSS) surfactant, commercially
available from Alfa Aesar, Ward Hill, Mass. 



"Salicylic acid": A 2-hydroxybenzoic acid (HOC HsCOaH)
with a formula weight of 138.1, commercially available
from Sigma- Aldrich Chemical Company, Saint Louis, Mo.
Synthesis of
Dimethylhexadecylammoniumethylmethacrylate Bromide
Derivatives :
Dimethylhexadecylammoniumethylmethacrylate bromide
(DMAEMACi Br), which is a quaternary
amine-functionalized ethylenically unsaturated
monomer, was synthesized pursuant to the following
procedure. A 500-milliliter round-bottom flask was
charged with 42.2.parts of
dimethylaminoethylmethacrylate salt, .154.7 parts of
acetone, 93.2 parts of 1-bromohexadecane, and 0.34
parts of BHT antioxidant. The mixture was stirred for
16 hours at 35C and then allowed to cool to room
temperature. The resulting white solid precipitate was
isolated by filtration, washed with cold ethylacetate,
and dried under vacuum at 400C. An NMR analysis of the
solid product revealed the structure to be pure
DMAEMA-C Br, having the following formula structure:
Similarly, C , C8, Ci2, and Ci8 derivatives of DMAEMA
were also synthesized pursuant to the above-described
procedure. Preparation of Silver Oxide Solution Silver
oxide solutions for use in Examples 6 and 28 below
were prepared by combining 5 parts ammonium carbonate
salt with 95 parts water, and mixing until the salt
was dissolved. To this solution, 1 part silver oxide
was added. The mixture was stirred at 600C for one
hour until the silver oxide was dissolved. Adhesive
Layers For the following Examples and Comparative
Examples, adhesive layers were not laminated on the
opposing sides of the core layer for any of the films.
The following tests discussed below measured
antimicrobial activity and abrasion resistance, both
of which principally involve the antimicrobial
hardcoat layers. It is believed that the use of
adhesive layers made of conventional adhesives would
not affect the antimicrobial activity or abrasion
resistance, and that multi-layer films of the
below-described Examples and Comparative Examples that
include such adhesive layers would produce similar
results. Examples 1-1 1 and Comparative Examples A and
B Multi-layer films of Examples 1-11 and Comparative
Examples A and B 



were each prepared pursuant to the following
procedure. A hardcoat mixture was initially prepared
by combining 100 parts of 3M 906 Hardcoat with 12
parts toluene and 12 parts methyl ethyl ketone. The
hardcoat mixture was shaken gently until well blended.
An antimicrobial agent was then added to the hardcoat
mixture, and the entire mixture was shaken by hand.
Table 1 lists the type and concentration of
antimicrobial agent used in the hardcoat mixture for
Examples 1-11 and Comparative Examples A and B.TABLE l
Each hardcoat mixture was then coated onto a PET film
using a Meyer rod #8. The coated film was then allowed
to air dry at room temperature for 5 minutes, followed
by oven drying at 700C for 5 minutes (to remove the
solvents). After drying, the hardcoat mixture was then
cured (i.e., polymerized) using a Fusion Systems UV
Processor operating at 100% power (model MC6RQN,
commercially available from Fusion UV Systems,
Gaithersburg, MD). The processor was operated with an
H-type bulb. The belt speed of the coated film was 50
feet per minute, and two passes were made, which
provided a total radiation dose of 240
milliJoules/centimeter2. This resulted in a two-layer
film having an antimicrobial hardcoat layer laminated
on a PET core layer, where the antimicrobial hardcoat
layer contained an antimicrobial agent and a
cross-linked matrix of 3M 906 Hardcoat. The films of
Examples 1-1 1 and Comparative Examples A and B were
each tested for microbial load reduction and for zones
of inhibition. The "microbial load reduction" was
tested pursuant to ASTM E2 180-01, which involved
inoculation of a molten (45C) agar slurry with a
standardized culture of bacterial cells. A thin layer
of the inoculated agar slurry (0.5 milliliter) was
then pipetted onto the test material and the untreated
control material. Samples were tested in duplicate
using Staphylococcus aureus (ATCC 6538) and
Pseudomonas aeruginosa (ATCC 9027). After 24 hours,
surviving microorganisms were recovered via elution of
the agar slurry inoculum from the test substrate into
D/E Neutralizing broth and extracted by sonication and
vortexing. Serial dilutions were then made, and pour
plates were made of eachdilution. Agar plates were
incubated for 48 hours at 28C 1C. Bacterial colonies
from each dilution series were then counted and
recorded. Calculation of percent reduction of bacteria
from treated versus untreated samples was then made. A
percent reduction greater than 99.95% was reported as
100%. The "zone of inhibition" test was performed by
preparing separate 



solutions of Staphylococcus aureus (ATCC 6538) and
Pseudomonas aeruginosa (ATCC 9027) at a concentration
of approximately 1 x 108 colony forming units (cfu)
per milliliter in Phosphate Buffered Saline (PBS)
using a 0.5 McFarland Equivalence Turbidity Standard.
These suspensions were used to prepare bacterial lawns
by dipping a sterile cotton applicator into the
solution and swabbing the surface of a trypticase soy
agar (TSA) plate in three different directions.
Separate plates were prepared for each organism. Three
7-millimeter disks from each sample were then placed
onto the surface of an inoculated plate for each
organism and pressed firmly against the agar with
sterile forceps to ensure complete contact with the
agar. The plates were then incubated at 28C  1C for 24
hours. The area under and surrounding the samples was
then examined for bacterial growth. The zone of
inhibition is reported as the diameter of the zone
including the 7-mm sample disk. Table 2 provides the
microbial load reduction results and the zone of
inhibition results for the films of Examples 1-11 and
Comparative Examples A and B.TABLE 2 The microbial
load reduction results in Table 2 show that the films
of Examples 1-9 and 11 exhibited good antimicrobial
activity against pathogens in contact with the films.
It is noted that the films of Examples 7-9 exhibited
low reductions against gram negative pathogens. The
films of Examples 7-9 included DMAEMA derivative
antimicrobial agents, which are generally poor
antimicrobials against gram negative pathogens. Note
that examples 8 and 9 have the same antimicrobial
agent but at different concentrations. Increasing the
DMAEMA derivative concentration from 10% to 30%
resulted in improved kill against gram positive
bacteria. With respect to the film of Comparative
Example B, the DMAEMA-CCl antimicrobial agent is not
reactive, and therefore did not polymerize with the 3M
906 Hardcoat. This resulted in phase separation and
lack of antimicrobial activity. The zone of inhibition
results in Table 2 show low inhibition of bacterial
growth for the films of Examples 1-9. This shows that
the antimicrobial agents were retained by the
cross-linked 3M 906 Hardcoat, and were not easily
solubilized. Therefore, they did not diffuse out of
the antimicrobial hardcoat layer to generate a zone of
inhibition. This is desirable for long term
antimicrobial activity. Additionally, the films of
Examples 10 & 11 exhibited good antimicrobial activity
against pathogens in direct contact with the 



films, thereby reducing pathogen contamination at
locations under the given films.Example 12 A
multi-layer film of Example 12 was prepared pursuant
to the following procedure. A dispersion was prepared
by combining 95 parts by weight of 3M SG composition
with 5 parts AgION to provide a hardcoat mixture. The
hardcoat mixture was shaken by hand to form a uniform
dispersion, and then coated on a PET film using a
Meyer rod #6. The hardcoat mixture was then cured
using a Fusion Systems UV Processor (discussed above)
at a belt speed of 45 feet per minute with two passes,
which provided a total radiation dose of 250
milliJoules/centimeter2. This resulted in a two-layer
film having an antimicrobial hardcoat layer laminated
on a PET core layer, where the antimicrobial layer
contained an AgION antimicrobial agent and a
cross-linked matrix of 3M SG composition. The film of
Example 12 was tested for microbial load reduction and
for zones of inhibition, as discussed above in
Examples 1-1 1. The film of Example 12 exhibited a
100% microbial load reduction for both S. aureus (gram
positive) and Ps. aeruginosa (gram negative).
Additionally, the zone of inhibition testing did not
show any growth under the sample. These results show
desirable performance of this composition where the
antimicrobial is retained by the polymerized 3M SG
composition, while also providing a 100% microbial
load reduction when contacted with contaminated
fluids. Example 13 A multi-layer film of Example 13,
which included two antimicrobial agents, was prepared
pursuant to the following procedure. A hardcoat
mixture was prepared by combining 5 parts silver
glass, 10 parts DMAEMA-Cl Br, and 85 parts 3M 906
Hardcoat. The hardcoat mixture was then coated on a
PET film and cured pursuant to the procedure discussed
above for Examples 1-1 1. The film of Example 13 was
also tested for microbial load reduction and for zones
of inhibition, as discussed above in Examples 1-1 1.
The film of Example 13 exhibited a 100% microbial load
reduction for both S. aureus (gram positive) and Ps.
aeruginosa (gram negative). Zone of inhibition testing
showed no growth under the sample with S. aureus,
moderate growth with Ps. aeruginosa, and no inhibition
zones outside the sample disks. These results
demonstrate the synergistic performance of the 



combined system where the silver has some mobility out
of the film with excellentperformance against gram
positive bacteria, while the DMAEMA-C Br is chemically
bonded by polymerization to the 3M 906 Hardcoat to
provide good performance against gram positive
bacteria for extended periods of time. Examples 14-16
and Comparative Examples C and D Multi-layer films of
Examples 14-16 and Comparative Examples C and D were
each prepared pursuant to the following procedure. A
hardcoat mixture was prepared by combining DMAEMA-Ci
Br, Irgacure 819, and 3M 906 Hardcoat in isopropanol
to form a hardcoat mixture (40% solids by weight in
the isopropanol). The hardcoat mixture was shaken to
dissolve the solids and mix thoroughly. Table 3
provides the component concentrations of the hardcoat
mixtures for the films of Examples 14-16 and
Comparative Examples C and D. TABLE 3 Approximately
one milliliter of the hardcoat mixture was applied by
pipette onto an acrylate-primed PET film. A wire-wound
rod applicator (model AR4108 from BYK-Gardner) was
used to spread the solution evenly down the length of
the PET film. The hardcoat mixture was then allowed to
dry by evaporation at room temperature, and then cured
using a Fusion Systems UV Processor (discussed above).
The Processor included a D-bulb using the following
four types of UV light: UV-A (3.494 W/cm2, 0.601
J/cm2), UV-B (0.815 W/cm2, 0.151 J/cm2), UV-C (0.071
W/cm2, 0.012 J/cm2) and UV-D (1.733 W/cm2, 0.307
J/cm2). The film was passed through the Processor at a
belt speed of 60 feet per minute with three passes,
under nitrogen. The films of Examples 14-16 and
Comparative Examples C and D were tested in duplicate
against a negative control for their antimicrobial
effect on Staphylococcus epidermidis, a bacterium
commonly found on human skin. For each film, a one
inch sample was die cut and placed on glass slides
inside a petri dish. A suspensionof bacteria was
prepared from an overnight culture (~108 colony
forming units/milliliter (cfu/ml)), and 50 microliters
was of the suspension was pipetted across the film
sample surface in tiny droplets (generally 15-20
droplets). After incubating at room temperature for 45
minutes, the film sample was then dropped into 20
milliliters of Neutralizing Buffer, vortexed
vigorously for 2 minutes, diluted, and then plated in
TSA (Trypticase Soy Agar) for enumeration of surviving
bacteria. 



The antimicrobial efficacy was calculated by
subtracting the bacteria recovered from the test films
(log 10 cfus) from the amount of bacteria recovered
from the control (untreated) films. The limit of
detection of this method, based on the volumes plated,
was 20 cfu or 1.3 logs. Accordingly, higher log
reductions correspond to higher antimicrobial
efficacy. Table 4 provides the antimicrobial efficacy
test results for the films of Examples 14-16 and
Comparative Examples C and D. TABLE 4 The results in
Table 4 show concentration effects OfDMAEMA-C) Br on
antimicrobial activity. In general, the antimicrobial
activity is proportional to the concentration
OfDMAEMA-Ci Br in the 3M 906 Hardcoat. The results
also show that a DMAEMA-Ci Br concentration below
about 1% is ineffective for reducing pathogenic
contamination, and a concentration of at least about
5% provides a total microbial kill (below the limit of
detection). Examples 17-21 and Comparative Examples
E-J Multi-layer films of Examples 17-21 and
Comparative Examples E-J were each prepared pursuant
to the following procedure. For the film of
Comparative Example E, a hardcoat mixture was prepared
by combining Irgacure 819 and 3M 906 Hardcoat in
isopropanol. The resulting hardcoat mixtures for
Comparative Example E had relative concentrations by
weight of 1% Irgacure 819 and 99% 3M 906 Hardcoat. For
each of thefilms of Examples 17-19 and Comparative
Examples F and G, a hardcoat mixture was prepared by
combining a DMAEMA-derivative antimicrobial agent,
Irgacure 819, and 3M 906 Hardcoat in isopropanol. The
hardcoat mixture was shaken to dissolve the solids and
mix thoroughly. The resulting hardcoat mixtures had
relative concentrations by weight of 5% DMAEMA-salt,
1% Irgacure 819, and 94% 3M 906 Hardcoat. For the film
of Comparative Example H, a hardcoat mixture was
prepared by combining Irgacure 819 and UVHC3000 in
methyl ethyl ketone. The resulting hardcoat mixtures
for Comparative Example H had relative concentrations
by weight of 1% Irgacure 819 and 99% UVHC3000. For the
films of Examples 20 and 21, and Comparative Examples
I and J, a hardcoat mixture was prepared by combining
a DMAEMA-based antimicrobial agent, Irgacure 819, and
UVHC3000 in methyl ethyl ketone. The hardcoat mixture
was shaken to dissolve the solids and mix thoroughly.
The 



resulting hardcoat mixtures had relative
concentrations by weight of 5% DMAEMA-salt, 1%
Irgacure 819, and 94% UVHC3000. Table 5 provides the
component listings of the hardcoat mixtures for the
films of Examples 17-21 and Comparative Examples E-J.
TABLE 5 Approximately one milliliter of the hardcoat
mixture was applied by pipette onto a PET film. A
wire-wound rod applicator (model AR4108 from
BYK-Gardner) was used to spread the solution evenly
down the length of the PET film. The hardcoat mixture
was then allowed to dry by evaporation at room
temperature, and then cured using a Fusion Systems UV
Processor (discussed above). The film was passed
through the Processor at a belt speed of 30 feet per
minute with one pass, under nitrogen.For the films of
Examples 17-19 and Comparative Examples E-G, the
Processor included a D-bulb using the following four
types of UV light: UV-A (5.000 W/cm2, 2.328 J/cm2),
UV-B (1.577 W/cm2, 0.782 J/cm 2), UV-C (0.144 W/cra2,
0.105 J/cm2), and UV-D (2.388 W/cm2, 1.130 J/cm2). For
the films of Examples 20 and 21, and Comparative
Examples H-J the Processor included a D-bulb using the
following four types of UV light: UV-A (5.000 W/cm2,
2.308 J/cm2), UV-B (1.531 W/cm2, 0.737 J/cm2), UV-C
(0.151 W/cm2, 0.094 J/cm2), and UV-D (2.200 W/cm2,
1.094 J/cm2) . The films of Examples 17-21 and
Comparative Examples E-J were tested in duplicate
against a negative control for their antimicrobial
effect on Staphylococcus epidermidis, a bacterium
commonly found on human skin. For each film, a one
inch sample was die cut and placed on glass slides
inside a petri dish. A suspension of bacteria was
prepared from an overnight culture (~1 08
cfu/milliliter), and 50 microliters was of the
suspension was pipetted across the film sample surface
in tiny droplets (generally 15-20 droplets). After
incubating at room temperature for 45 minutes, the
film sample was then dropped into 20 milliliters of
Neutralizing Buffer, vortexed vigorously for 2
minutes, diluted, and then plated in TSA (Trypticase
Soy Agar) for enumeration of surviving bacteria. The
antimicrobial efficacy was calculated by subtracting
the bacteria recovered from the test films (loglO
cfus) from the amount of bacteria recovered from the
control (untreated) films. The limit of detection of
this method, based on the volumes 



plated, was 20 cfu or 1.3 logs. Accordingly, higher
log reductions correspond to higher antimicrobial
efficacy. Table 6 provides the antimicrobial efficacy
test results for the films of Examples 17-21 and
Comparative Examples E-J.TABLE 6 The results in Table
6 show how the polymer chain length of the DMAEMA
derivatives affects the antimicrobial activity. As
shown, DMAEMA derivatives of DMAEMA-C Br and smaller
at 5% concentrations in the polymerizable precursors
effectively provided no antimicrobial activity. In
contrast, the DMAEMAC Br for both polymerizable
precursors used provided the highest level of
antimicrobial activity, which generally shows the
optimal polymer chain length for DMAEMA derivatives.
Accordingly, DMAEMA derivatives having polymer chain
lengths similar to DMAEMA-Ci Br are long enough to be
sufficiently mobile within the cross-linked matrix,
and are also short enough to prevent phase separating
from the cross-linked matrix. The films of Examples
17, 18, 20, and 2 1 were also tested for abrasion
resistance pursuant to ASTM F735-94. Each sample film
was placed in a 16-ounce jar and covered with 50 grams
of 20-30 mesh Ottawa sand (VWR Bristol, CT). The jar
was then placed in an orbital shaker (VWR DS-500E,
from VWR Bristol, CT), which was set at 400 rpm for
one hour. The haze and transmission of the sample were
measured before and after testing using a Haze-Guard
Plus (BYK-Gardner, HB-4725). Table 7 provides the
durability testing results (i.e., haze and
transmission) for the films of Examples 17, 18, 20,
and 21.TABLE 7 The results in Table 7 show that the
inclusion of 5% the DMAEMA derivatives did not
significantly impact the abrasion resistance of the
films. As a result, the antimicrobial hardcoat layers
of the multi-layer films of the present invention
protect underlying surfaces from physical damage while
also reducing pathogenic contamination. Example 22 A
multi-layer film of Example 22 was prepared pursuant
to the following procedure. A hardcoat mixture was
prepared by combining 5.0 grams of DMAEMACi Br, and
197.9 grams of a 3M 906 Hardcoat solution (47.5%
solids in isopropanol, where 1% of the solids was
Irgacure 819), and 47.1 grams of isopropanol. The
hardcoat mixture was shaken to dissolve the solids and
mix thoroughly. The resulting hardcoat 



mixtures had a 5:95 ratio OfDMAEMA-Ci Br to 3M 906
Hardcoat. The hardcoat mixture was then coated onto a
PET film (4-inch width) with a metered, precision die
coating process to achieve a dry thickness of 4
micrometers. A syringe pump was used to set the flow
rate of the hardcoat mixture into the coating die at
10.5 cubic-centimeters/minute. The coated film was
then passed through a two-zone oven and a belt speed
of 15 feet per minute. Each zone of the oven was
maintained at 1200C and was 3 meters in length. The
coated hardcoat mixture was then cured using a Fusion
Systems UV Processor (discussed above). The Processor
included an H-bulb using the following four types of
UV light: UV-A (1.696 W/cm2, 1.049 J/cm2), UV-B (1.561
W/cm2, 0.994 J/cm2), UV-C (0.206 W/cm2, 0.137 J/cm2),
and UV-D (0.965 W/cm2, 0.606 J/cm2) . The film of
Example 22 was tested for abrasion resistance pursuant
to ASTM F735-94. Three samples of each film (referred
to as A, B, and C) were each placed in a 16-ounce jar
and covered with 50 grams of 20-30 mesh Ottawa sand
(VWR Bristol, CT). The jar was then placed in an
orbital shaker (VWR, DS-500E, from VWR Bristol,CT),
which was set at 400 rpm for one hour. The haze and
transmission of the sample were measured before and
after testing using a Haze-gard plus (BYK-Gardner,
HB-4725). Table 8 provides the durability testing
results (i.e., haze and transmission) for the film of
Example 22. TABLE 8 The results shown in Table 8 also
show that the inclusion of DMAEMACi Br did not
significantly impact the abrasion resistance of the
films. As discussed above for the films of Examples
17-21, the antimicrobial hardcoat layers of the
multi-layer films of the present invention protect
underlying surfaces from physical damage. Examples
23-31 Multi-layer films of Examples 23-25 were each
prepared pursuant to the following procedure. For each
film, the antimicrobial agent was added to a 50/50
blend of toluene/methyl ethyl ketone solvent, and
sonicated to obtain a uniform dispersion. 3M 906
hardcoat was then mixed in with the dispersion to form
a hardcoat mixture. Table 12 provides the component
listings of the hardcoat mixtures for the films of
Examples 23-25. TABLE 12 



For each film of Examples 23-25, the hardcoat mixture
was coated on a PET film using a Meyer rod #8. The
coated film was allowed to air dry at room temperature
for 5 minutes, and then was oven dried at 700C for 5
minutes. The coating was cured using a Fusion Systems
UV Processor (discussed above) with an H-bulb. The
coated film was passed through the UV processor twice
with a belt speed of 50 feet per minute, which
provided a total radiation dose of 240
milliJoules/centimeter 2.Multi-layer films of Examples
26-31 were each prepared pursuant to the following
procedure. For each film, the antimicrobial agent was
directly mixed with the 3M 906 Hardcoat, and the
resulting mixture was diluted with isopropanol to form
a hardcoat mixture. Table 13 provides the component
listings of the hardcoat mixtures for the films of
Examples 26-31. TABLE 13 For each film of Examples
26-31, the hardcoat mixture was coated on a PET film
using a Meyer rod #9. The coated film was allowed to
air dry at room temperature for 5 minutes, and then
was oven dried at 800C for 5 minutes. The coating was
cured using a Fusion Systems UV Processor (discussed
above) with an H-bulb (1.98 J/cm2) The coated film was
passed through the UV processor twice. The resulting
multi-layer films of Example 23-31 were then tested
for microbial load reduction, as discussed above in
Examples 1-1 1. Table 14 provides the microbial load
reduction results and visual appearance results for
the films of Examples 23-31. TABLE 14The results in
Table 14 show that the films of Examples 23-31
exhibited good antimicrobial activity against
pathogens in contact with the films. The film
containing Myacide AS Plus (Example 28) exhibited no
antimicrobial activity against gram positive
pathogens. This indicates that Myacide AS Plus is only
effective against gram negative pathogens at the
tested concentration. The films of Examples 23-3 1
were also generally clear, uniform, and transparent.
This shows that the antimicrobial agents were
compatible with the 3M 906 Hardcoat, and exhibited
little or no phase separation. Examples 32-35
Multi-layer films of Examples 32-35 were each prepared
pursuant to the 



following procedure. For each film, the antimicrobial
agent was blended with the 3M UVFormulation. The
blended composition was sonicated to obtain a uniform
dispersion. Table 15 provides the component listings
of the blended composition for the films of Examples
32-35. TABLE 15 For each film, the dispersion was
coated on a PET film using a Meyer rod #6. The coating
was then cured using a Fusion Systems UV Processor
(discussed above) with an H-bulb. The coated film was
passed through the UV processor once with a belt speed
of 80 feet per minute, which provided a total
radiation dose of 120 milliJoules/centimeter 2. The
resulting multi-layer films of Example 32-35 were then
tested for microbial load reduction, as discussed
above in Examples 1-1 1. Table 16 provides the
microbial load reduction results and visual appearance
results for the films of Examples 32-35.TABLE 16 The
results shown in Table 16 illustrate the need for a
minimum concentration of the antimicrobial agent in
the hardcoat for effective microbial load reduction.
Moreover, a comparison of Examples 33 and 34 to
Example 35 show that a synergistic effect can be
obtained in microbial load reduction by combining two
different types of antimicrobial agents. Example 36
Synthesis of dimethylhexadecylammoniumethylacrylate
bromide (DMAEA-C i Br) was prepared pursuant to the
following procedure. A three-neck round bottom
reaction flask was fitted with a mechanical stirrer,
temperature probe, and a condenser. The reaction flask
was charged with 234 parts of
dimethylaminoethylacrylate, 617 parts of acetone, 500
parts of 1-bromohexadecane, and 0.5 parts of BHT
antioxidant. The mixture was stirred for 24 hours at
35C. The reaction mixture was then cooled to room
temperature and a slightly yellow clear solution was
obtained. The solution was transferred to a round
bottom flask and the acetone was removed by rotary
evaporation under vacuum at 400C. The resulting solids
was washed with cold ethyl acetate and dried under
vacuum at 4O0C. An NMR analysis of the solid product
revealed the structure to be pure DMAEA-Ci Br. The
DMAEA-Cj Br was believed to provide similar
antimicrobial 



activity to DMAEA-CieBr when used in a multi-layer
film of the present invention. An advantage provided
by DMAEA-Ci Br over its methacrylate based version
(DMAEMACi Br) is faster radiation curing. This is due
to the lack of methyl group near the ethylenically
unsaturated bond (i.e., the reactive site of the
monomer). Example 37 A fluid solution of 20.0%
Lauricidin, 10.0% salicylic acid, and 10.0% DOSS
surfactant in isopropanol was prepared by stirring the
mixture until the Lauricidinwas dissolved. 20% of the
fluid solution was combined with 80% of the hardcoat
mixture described in Examples 1- 11 (i.e., 100 parts
of 3M 906 Hardcoat with 12 parts toluene and 12 parts
methyl ethyl ketone). The combined solution was coated
and cured as described in Examples 1-1 1. The
resulting multi-layer film was clear and transparent.
The resulting multi-layer film was then tested for
microbial load reduction, as described above in
Examples 1-1 1, and gave 100% microbial load reduction
for gram positive pathogens and 99.4% microbial load
reduction for gram negative pathogens. The embodiments
described above and illustrated in the figure are
presented by way of example only and are not intended
as a limitation upon the concepts and principles of
the present invention. As such, it will be appreciated
by one having ordinary skill in the art that various
changes in form and detail are possible without
departing from the spirit and scope of the present
invention. Various features and aspects of the
invention are set forth in the following
claims.CLAIMS: 1. A multi-layer film for reducing
microbial contamination on a surface, the multi-layer
film comprising: a core layer having a first surface
and a second surface opposite the first surface; an
adhesive layer disposed adjacent the first surface of
the core layer; and an antimicrobial layer disposed
adjacent the second surface, the antimicrobial layer
comprising: a cross-linked matrix derived from a
polymerizable precursor comprising a material selected
from the group consisting of a polymerizable monomer,
a polymerizable polymer having a molecular weight of
about 1,000 or less, and combinations 



thereof; and an antimicrobial agent dispersed within
the cross-linked matrix. 2. The multi-layer film of
claim 1, wherein the antimicrobial agent comprises a
quaternary amine-functionalized compound. 3. The
multi-layer film of claim 1, wherein the antimicrobial
agent comprises a silver-containing compound. 4. The
multi-layer film of claim 1, wherein the antimicrobial
agent comprises a fatty acid monoester or a fatty acid
monoether. 5. The multi-layer film of claim 1, wherein
the antimicrobial agent constitutes about 1% by weight
to about 20% by weight of the antimicrobial layer. 6.
The multi-layer film of claim 1, wherein the
antimicrobial agent constitutes about 4% by weight to
about 10% by weight of the antimicrobial layer.7. The
multi-layer film of claim 1, wherein the antimicrobial
layer exhibits a microbial load reduction of at least
about 99% for either gram positive or gram negative
pathogens, when tested pursuant to ASTM E2 180-01. 8.
The multi-layer film of claim 1, wherein the
antimicrobial layer exhibits a microbial load
reduction of at least about 99% for both gram positive
and gram negative pathogens, when tested pursuant to
ASTM E2 180-01. 9. The multi-layer film of claim 1,
wherein the material of the polymerizable precursor
comprises a multi-functional acrylate. 10. The
multi-layer film of claim 9, wherein the
multi-functional acrylate is cross-linkable upon
exposure to ultraviolet radiation. 11 The multi-layer
film of claim 9, wherein the material of the
polymerizable precursor further comprises treated
inorganic particles. 12. The multi-layer film of claim
I 3wherein the adhesive layer includes at least one of
a removable adhesive, a repositionable adhesive, and
an electrostatic charge. 13. The multi-layer film of
claim 1, wherein the adhesive layer includes an
antimicrobial. 14. A stack comprising a plurality of
the multi-layer film of claim 1, the plurality of
multi-layer films arranged such that the adhesive
layer of a first multi-layer film is positioned
adjacent the antimicrobial layer of a second
multi-layer film.15. A multi-layer film for reducing
microbial contamination on a surface, the 



multi-layer film comprising: a thermoplastic core
layer having a first surface and a second surface
opposite the first surface; an adhesive layer disposed
adjacent the first surface of the core layer; and an
antimicrobial layer disposed adjacent the second
surface, the antimicrobial layer comprising an
antimicrobial agent chemically bound to a cross-linked
matrix by polymerization. 16. The multi-layer film of
claim 15, wherein the antimicrobial agent comprises a
quaternary amine-functionalized compound. 17. The
multi-layer film of claim 16, wherein the quaternary
ammonium compound is derived from a material
comprising a quaternary amine-functionalized
ethylenically unsaturated monomer. 18. The multi-layer
film of claim 15, wherein the cross-linked matrix is
derived from a polymerizable precursor comprising a
material selected from the group consisting of a
polymerizable monomer, a polymerizable polymer having
a molecular weight of about 1,000 or less, and
combinations thereof. 19. The multi-layer film of
claim 18, wherein the material of the polymerizable
precursor comprises a multi-functional acrylate. 20.
The multi-layer film of claim 19, wherein the material
of the polymerizable precursor further comprises
treated inorganic particles.21. A method of making a
multi-layer film for reducing microbial contamination
on a surface, the method comprising: laminating an
adhesive layer adjacent a first surface of a core
layer; coating an antimicrobial layer adjacent a
second surface of the core layer, the second surface
being opposite of the first surface, wherein the
antimicrobial layer comprises an antimicrobial agent
and a polymerizable precursor comprising a material
selected from the group consisting of a polymerizable
monomer, a polymerizable polymer having a molecular
weight of about 1,000 or less, and combinations
thereof; and polymerizing the polymerizable precursor
to form a cross-linked matrix, 



wherein the antimicrobial agent is dispersed within
the cross-linked matrix. 22. The method of claim 21,
further comprising chemically bonding the
antimicrobial agent to the cross-linked matrix by
polymerization, 23. The method of claim 21, wherein
the antimicrobial agent comprises a quaternary
amine-functionalized ethylenically unsaturated
monomer. 24. The method of claim 21, wherein the
material of the polymerizable precursor comprises a
multi-functional acrylate. 25. The method of claim 21,
further comprising applying an end-of-service
indicator to the multi-layer film. 


