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COMPOSITION AND METHOD TO FORM A SELF DECONTAMINATING
SURFACE
Field Of The Invention

[0001] Embodiments generally relate a chemical composition and a
method using that composition to form a self decontaminating surface. In certain
embodiments, the chemical composition comprises a photocatalyst. In certain
embodiments, the photocatalyst comprises a titanium oxide moiety. In certain
embodiments, the chemical composition comprises an organosilane.

Background Of The Invention

[0002] In a publication entitled "Evaluation of Two Organosilane
Products for Sustained Antimicrobial Activity on High-Touch Surfaces in Patient
Rooms, American Journal of Infection Control 42 (2014) 326-8, reports, inter alia,
"[t]o the best of our knowledge, ours is the first published controlled trial of applying
organosilane compounds to high-touch surfaces in patient rooms as a strategy for
reducing the level of microbial contamination of environmental surfaces between
daily cleanings." Id. at 327.

[0003] The authors found the two organosilanes ineffective for any
sort of sustained antimicrobial efficacy. "In conclusion, our study was not able to
demonstrate sustained antimicrobial activity for either organosilane product tested
when applied to high-touch surfaces." /d. at 328.

Brief Description Of The Drawings

[0004] The invention will be better understood from a reading of the
following detailed description taken in conjunction with the drawings in which like
reference designators are used to designate like elements, and in which:

[0005] FIG. 1 graphically shows the number of hospital acquired C-
difficile infections in the Glendale Memorial Hospital ICU from January 2012
through February 2014;

[0006] FIG. 2 graphically shows the number of hospital acquired C-
difficile infections at the Glendale Memorial Hospital (excluding ICU) from January
2012 through February 2014; and

[0007] FIG. 3 illustrates Applicants' sterilizing station 300.
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Detailed Description Of Preferred Embodiments
[0008] The invention is described in preferred embodiments in the
following description with reference to the Figures, in which like numbers represent
the same or similar elements. Reference throughout this specification to “one

29 4,

embodiment,” “an embodiment,” or similar language means that a particular feature,
structure, or characteristic described in connection with the embodiment is included in
at least one embodiment of the present invention. Thus, appearances of the phrases
“in one embodiment,” “in an embodiment,” and similar language throughout this
specification may, but do not necessarily, all refer to the same embodiment.

[0009] The described features, structures, or characteristics of the
invention may be combined in any suitable manner in one or more embodiments. In
the following description, numerous specific details are recited to provide a thorough
understanding of embodiments of the invention. One skilled in the relevant art will
recognize, however, that the invention may be practiced without one or more of the
specific details, or with other methods, components, materials, and so forth. In other
instances, well-known structures, materials, or operations are not shown or described
in detail to avoid obscuring aspects of the invention.

[00010] In certain embodiments of Applicants' composition and
method, a coating is formed on a surface of an object, where that coating comprises a
plurality of titanium - oxygen bonds, where that coating is formed by disposing on the
surface a mixture of Peroxotitanium acid solution and Peroxo-modified anatase sol
(collectively "Titanium-Oxygen Moieties").

[00011] In certain embodiments, Applicants' Titanium-Oxygen Moieties
comprises up to about a total of one weight percent loading of the mixture of
Peroxotitanium acid solution and Peroxo-modified anatase sol. In certain
embodiments, Applicants' Titanium-Oxygen Moieties comprises about 0.5 weight
percent Peroxotitanium acid solution in combination with about 0.5 weight percent
Peroxo-modified anatase sol.

[00012] A method to prepare both Peroxotitanium acid solution and

Peroxo-modified anatase sol 1s disclosed in Journal of Sol-Gel Science and
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Technology, September 2001, Volume 22, Issue 1-2, pp 33-40. This publication
discloses, inter alia, Reaction Scheme 1, shown immediately hereinbelow, which
summarizes the synthetic procedure for both Peroxotitanium acid solution and
Peroxo-modified anatase sol.

REACTION SCHEME 1
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[00013] In one embodiment of Applicants' composition and method,

Applicants’ coating formulation comprises a mixture of Peroxotitanium acid solution
and Peroxo-modified anatase sol. In another embodiment of Applicants' composition
and method, a coating is formed on a surface of an object, where that coating
comprises a plurality of titanium - oxygen bonds in combination with a plurality of
silicon-oxygen bonds, and where that coating is formed by disposing a mixture of
Peroxotitanium acid solution and Peroxo-modified anatase sol, in combination with

an organosilane onto the surface.
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[00014] In certain embodiments, a coating comprising a plurality of
titanium-oxygen bonds in combination with a plurality of silicon-oxygen bonds is
formed by first disposing on the surface an organosilane followed by disposing a
mixture of Peroxotitanium acid solution and Peroxo-modified anatase sol onto the
organosilane.

[00015] In certain embodiments, a coating comprising a plurality of
titanium-oxygen bonds in combination with a plurality of silicon-oxygen bonds is
formed by first disposing a mixture of Peroxotitanium acid solution and Peroxo-
modified anatase sol on the surface followed by disposing an organosilane onto the
mixture of Peroxotitanium acid solution and Peroxo-modified anatase sol. In certain
embodiments, a coating comprising a plurality of titanium-oxygen bonds in
combination with a plurality of silicon-oxygen bonds is formed by simultaneously
disposing a mixture of Peroxotitanium acid solution and Peroxo-modified anatase sol
and an organosilane onto the surface.

[00016] In certain embodiments, Applicants' organosilane comprises
organosilane 1.

l?Z
R1 \O'Si\\_\O'/ R1
O~R1

1

[00017] In certain embodiments, both R1 and R2 are alkyl. In other
embodiments R1 is alkyl and R2 is alkyl with an amino moicty. In still other
embodiments, R1 is alkyl and R2 comprises a quarternary ammonium group. In still
other embodiments, R1 is alkyl and R2 comprises a chlorine moiety. In still other
embodiments, R1 is alkyl and R2 is selected from the group consisting of -O-CHjs and
-0-CH,-CH;,.

[00018] In certain embodiments, Applicants' organosilane comprises a

trihydroxy silane 2. In certain embodiments, R2 is alkyl. In other embodiments R2 is
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alkyl with an amino moiety. In still other embodiments, R2 comprises a quarternary
ammonium group. In still other embodiments, comprises a chlorine moiety. In still

other embodiments, R2 is -OH.

R2

Ho Si. _H
o Vo
O-~H

2

[00019] In certain embodiments, Applicants' organosilane comprises a
silanetriol 2, wherein R2 is alkyl. In other embodiments, Applicants' organosilane
comprises a silanetriol 2, wherein R2 is alkyl with an amino moiety. In still other
embodiments, Applicants' organosilane comprises a silanetriol 2, wherein R2 is alkyl
with a quarternary ammonium group.

[00020] As those skilled in the art will appreciate and as shown in
Equation (1), silyl esters, such as silyl ester 1, are readily hydrolysable into a
corresponding silanetriol, such as silanetriol 2. Even exposure to atmospheric

moisture is sufficient to hydrolyze silyl ester 1 into silanetriol 2.

EQUATION (1)

R2 :
R1._Si "o oy
1 2
[00021] A silsesquioxane is an organosilicon compound 3. In certain

embodiments, R2 is alkyl. In other embodiments, R2 is alkyl with an amino moiety.
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In yet other embodiments, R2 is alkyl with an chlorine moiety. In still other

embodiments, R2 is alkyl with a quarternary ammonium group.

[00022] In certain embodiments, after application of Applicants'
silanetriol 2 to either a hard surface, i.e. wall, door, table, and the like, or a soft
surface, i.¢. bedding, draperies, furniture cushions, and the like, a resulting coating
disposed on the hard surface / soft surface comprises a plurality of silsesquioxane 3
structures. In certain embodiments, after application of Applicants' silanetriol 2 in
combination with titanium dioxide to either a hard surface, i.c. wall, door, table, and
the like, or a soft surface, i.e. bedding, draperies, furniture cushions, and the like, a
resulting coating disposed on the hard surface / soft surface comprises a plurality of
silsesquioxane structures 3 in combination with Applicants' Titanium-Oxygen

Moieties.

[00023] The following Examples are presented to further illustrate to
persons skilled in the art how to make and use the invention. These Examples are not
intended as limitations, however, upon the scope of the invention.

EXAMPLE I

[00024] A study was conducted at the Glendale Memorial Hospital and
Health Center in Glendale, CA (the "Glendale Memorial Hospital Study"). The
Center has a 24 bed intensive care (ICU). The study was performed between May 10
and September 30, 2013.
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[00025] The Glendale Memorial Hospital Study was designed to assess
the anti-microbial properties of Applicants’ coating composition and method, wherein
the method employed utilized an initial coating of Applicants' organosilane followed
by an overspray of titanium dioxide. The entire ICU was subjected to the two step
spray regime to treat all objects in each room including hard surfaces (beds, tray
tables, bed rail, walls, etc.) and soft surfaces (drapes, cloth and vinyl covered chairs,
woven fabrics, non-woven fabrics, leather goods, and the like). The goal of the
Glendale Memorial Hospital Study was to assess the anti-microbial efficacy of
Applicants’ coating composition in a practical application in a health care
environment.

[00026] Each surface was first clectrostatically spray coated at room
temperature using an aqueous composition formed by mixing
Octadecylaminodimethyltrihydrox-ysilylpropyl Ammonium Chloride 6 at 3.6 weight
percent in water.
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[00027] About fifteen (15) minutes after the electrostatic spray coating
using the aqueous mixture of Octadecylaminodimethyltrihydroxysilylpropyl
Ammonium Chloride 6, most of the water had evaporated leaving a coating
comprising at least ninety weight percent (90 wt %)
Octadecylaminodimethyltrihydroxysilylpropyl Ammonium Chloride 6, Thereafter,
each surface was then electrostatically spray coated at room temperature using
Applicants' Titanium-Oxide Moicties. After about 15 minutes, most of the water in
the second spray deposition had evaporated leaving a coating comprising at least

ninety weight percent (90 wt %) Applicants' Titanium-Oxide Moieties.
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[00028] The treated surfaces were maintained at room temperature
during the spray deposition of the aqueous
Octadecylaminodimethyltrihydroxysilylpropyl Ammonium Chloride 6, and during the
spray deposition of Applicants' Titanium-Oxide Moieties. None of the treated
objects were subjected to any clevated heat treatment wherein the treated surface was
heated to a temperature greater than about room temperature during or after
completion of Applicants’ spray coating regime.

[00029] Applicants have found that using their two step, spray coating
protocol described hereinabove, after evaporation of the water from the spray
deposited Titanium-Oxide Moieties and evaporation of the water portion from the
spray deposited aqueous Octadecylaminodimethyltrihydroxysilylpropyl Ammonium
Chloride, the combined weight of Applicants' Titanium-Oxide Moieties and
Octadecylaminodimethyltrihydroxysilylpropyl Ammonium Chloride disposed on a
treated surface was measured as 0.76 mg/in’.

[00030] Initial microbial sampling of various fomites was conducted to
assess the levels of bacteria on various hospital surfaces before selecting study sites.
After review, 95 sites were selected for the study in the ICU. Each of the ninety-five (
95) specific sites in the ICU were selected for recurring sampling at weeks 1, 2, 4, 8,
and 15, after application of Applicants’' composition. Those selected sites included
bed rails, bed controls, tray tables, and walls above sinks. Samples were also
collected from the two ICU nursing stations and waiting lobby including countertops,
phones, computer keyboards, chair armrests and end tables. All movable items were
inconspicuously tagged and coded over the course of the study so that the same
objects could be sampled.

[00031] Each of the sites was cultured prior to application of
Applicants' method and at 1 week (6-8 days), 2 weeks (13-17 days), 4 weeks (29-32
days), 8 weeks (59-62 days), 15 weeks (104-107 days) after application. Some objects
were removed and were not available for culture at some of the subsequent time

points.
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[00032] Areas of 100 cm” were sampled using a sponge stick containing
Letheen broth (3M, St. Paul, MN) to neutralize any residual disinfectant. After
collection the samples were immediately placed on ice packs and sent overnight to the
University of Arizona. Upon receipt the broth was extracted from the sponge stick by
manual agitation, and then 4 mL of extracted broth was assayed using selective media
for isolation of the various bacteria. Samples were cultured for total bacteria,
Clostridium difficile, methicillin-resistant Staphylococcus aurcus (MRSA),
vancomycin resistant enterococcus (VRE), and carbapenemase resistant

Enterobacteriaceae (CRE). Test methods for each organism are presented in Table 5.

TABLE 5
Organism Culture methed  Incubation Further anslysis
‘ conditions

Total bacteria)  Spread platingon  24°C for 5 days
R2A medium
{BD Disgnostics,

. Sparks, MD.

C. difficile Incubation for 7 Anaerobic A 2~m'L aliqupt
days in 0.1% conditions at was mixed with
sodium 37°Cforupto S equalamounts of
taurocholate and  days sheolute ethanol,
cycloserine- Becteria were
eeforin fructose concentrated by
broth centrifugation

and pellets were
used to inoculate
cycloserine-
cefoxtin fructose
agar.

MRSA Trypticasesoy 35 °Cfor24-48  B-hemolytic
agar amended hours colonies were
with 5% sheep’s isolated and sub-
blood, 10 mg/L cultured on
eolistin, and 25 trypticase case
mg/ naladixic soy agar with o
acid using spread amendments and
plate method incubated at

35 °C for 24-48
' hours.

CRE Modified Hodge 35°Cfor24
Teat: Muller hours
Hinton agar ‘

VRE Bile esculin 37T Cin €Oy Gram stsin,
azide agar incubafor for24-  catalase test

48 hours

Sfrom an original volume of 4 ml of sponge stick eluate. A 0.1 mL volume of this cluate was

used for each assay.

-9-
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[00033] The average number of total bacteria detected per 100 cm? at
all locations and percent reductions in total bacterial numbers after treatment are

shown 1n Table 6.

TABLE 6

Average (arithmetic mesn) total baeterial numbers (colony forming units) |
on 106 em” from fomites and percent reduction after treatment

Baseline® Weeks sfter trestment
i 2 4 8 15
Number of 95 81 &4 &4 64 45
Samples
Avg number 233,064 98 80 43 2,247 3,320
of bacteria
Range 10- 10« 10-840 10:2,500  10-44,000 10-57,000
7,000,000 2,500
% reduction NA 99.96 $9.97 9”9,98 29.04 98.58

NA = not applicable. ¥= before treatment

[00034] As can be seen bacterial numbers were always 99.9% less after
the treatment for four weeks, 99% after eight weeks and still almost 99% after 15
weeks.

[00035] Also, significantly the number of sites containing more than
10,000 CFU/100 cm® was reduced from 71.5% of the sites before treatment to zero for
the next eight weeks and after even 15 weeks only 11.1% of the sites exceeded this
number as shown in Table 7.

TABLE 7

Percent colony forming units of total bacteria per 100 em® exceeding value

indicated
CFU Basshine® ' Weeks after treatment
i 2 4 8 15
>100 71.5 1.1 17.2 12.8 51.2 33.3
>1,000 515 24 1.5 ¢ 17.1 24.4
>10,000 25.3 0 0 0 46 11l
*= before treatment

-10 -
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[00036] Bootstrapping Analysis of Variance (ANOVA) was conducted
for cach stage between the baseline concentrations for the sampled fomites and the
intervention concentrations for the same fomites to determine statistical significant
differences based on a rejection region of 5%. Based on the p-values (<0.0005) there
was a statistical significance difference between the baseline concentrations and the
fomite concentrations during the entire 15 weeks of the study.

[00037] The percent of samples in which antibiotic resistant bacteria

were 1solated at the different sites sampled is shown in Table §.

TABLE §
Ysolation of autibiotic resistant bacteria (peveent of positive sites)
Baselme™ ' Weeks sfier treaiment
1 2 4 8 15
Number of 93 §1 64 64 64 45
samples
VRE 14 ¢ 8 1] i 0
MRSA 7 0 ¢ 0 0 0
CRE 3 ] ¢ 0 o 0
C. difficile 0 ] 0 0 ¢ ]
Qverall 25 0 9 0 1.5 0
Percentage .
*hefore treatment
[00038] Antibiotic resistant bacteria were isolated from all study areas

during the baseline sampling, except C. difficile. VRE was the most commonly
isolated organism.

[00039] Prior to treatment antibiotic resistant bacteria were isolated
from 25% of the sites sampled. After treatment, no antibiotic bacteria were isolated
until week 8, when VRE in 1 sample (from a chair armrest) of 64 samples (1.5%) was
found.

[00040] The present study demonstrates that the use of Applicants’
method reduced the numbers of bacteria on fomites by greater than 99% for 8 weeks

after a single treatment (Table 6).

-11 -
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[00041] Levels of bacteria were reduced by 99.9% at 4 weeks post-
treatment. Overall average levels of bacteria never returned to those observed before
treatment. Bacterial numbers increased between 8 and 15 weeks post-treatment but
the average bacterial count on all treated surfaces was still less than 90% after 15
weeks. No values above 10,000 CFU/100 cm” were seen for 4 weeks after treatment
vs. 25.2% pre- treatment and even after 15 weeks only 11.1% of the values exceeded
this amount.

[00042] No antibiotic resistant bacteria were isolated until 8 weeks after
the treatment, and then at levels below that seen before the treatment (Table 8). No
MRSA or CRE were isolated even after 15 weeks post-treatment and VRE only after
8 weeks. No C. difficile were isolated during the baseline or after the treatment.
However, C. difficile was isolated in the initial screening used to select the sampling
sites.

[00043] In conclusion, the anti-microbial effects resulting from use of
Applicants' composition and method was found to have persisted over 15 weeks in
reducing the total number of bacteria and antibiotic resistant bacteria on both hard
surfaces and soft surfaces within an ICU. The hard surfaces included bare metal
surfaces, painted metal surfaces, epoxy-coated surfaces, unpainted wood surfaces,
painted wood surfaces, and glass.

[00044] The fifteen weeks antimicrobial efficacy demonstrates that
Applicants' composition forms a coating on a treated surface, where that coating is
both antifouling and antimicrobial. Applicants' composition and the resulting coating
formed therefrom can generate self-decontaminating surfaces that comprise both
antifouling and antimicrobial properties, thereby, providing a cost-effective route to
minimize transmission of disease via high touch surfaces in healthcare and industrial
applications.

[00045] FIG. 1 graphically shows the number of hospital acquired C-
difficile infections in the Glendale Memorial Hospital ICU from January 2012
through February 2014. FIG. 1 indicates that with the exception of September 2013,

there were no hospital acquired C-difficile infections originating in the ICU during the

12 -
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period May 2013 through November 2013. Thus, FIG. 1 shows that there was a
single hospital acquired C-difficile infection originating in the ICU during the six
month period May 2013 through November 2013.

[00046] FIG. 1 further shows that, other than the six month period May
2013 through November 2013, there was no other 6 month period during the 25
months from January 2012 through February 2014 wherein only a single hospital
acquired C-difficile infection originated in the ICU. All surfaces in the ICU were
treated as described hereinabove during the first week of May 2013 as part of the
Glendale Memorial Hospital Study.

[00047] FIG. 2 graphically shows the number of hospital acquired C-
difficile infections at the Glendale Memorial Hospital (excluding ICU) from January
2012 through February 2014. FIG. 2 indicates that, with the exception of April 2013,
there were between 1 and 8 hospital acquired C-difficile infections every month
during the 25 month period in hospital areas outside of the ICU. During the period
May 2013 through November 2013, FIG. 2 shows that there were a total of 20
hospital acquired C-difficile infections originating outside of the ICU at the Glendale
Memorial Hospital.

[00048] FIGs. 1 and 2 show that during the period May 2013 through
November 2013, a single hospital acquired C-difficile infection originated in the ICU
at the Glendale Memorial Hospital, and a total of 20 hospital acquired C-difficile
infections originated outside of the ICU at the Glendale Memorial Hospital.

[00049] Applicants have found that they can dispose
Octadecylaminodimethyltrihydrox-ysilylpropyl Ammonium Chloride and Applicants
Titanium-Oxide Moieties, by spray deposition or by dip coating, onto a dressing prior
to use of that dressing to cover a wound. As those skilled in the art will appreciate, a
dressing is a sterile pad or compress applied to a wound to promote healing and/or
prevent further harm. A dressing is designed to be in direct contact with the wound, as
distinguished from a bandage, which is most often used to hold a dressing in place. In
certain embodiments, Applicants' wound dressings including the following: alginates
and other fiber gelling dressings including ropes and sheets, composite dressings,

foam dressings with and without adhesive border, gauze with and without adhesive

-13 -
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border, hydrocolloids, specialty absorptive dressings with and without adhesive
borders, transparent films, collagen dressings sheets and ropes, hydrogel sheets with
and without adhesive border, cotton packing strips, roll gauze, paper tape, silk tape,
compression bandages (clastic, knitted/woven), self-adherent bandage (elastic, non-
knitted/non-woven).

EXAMPLE

[00050] This Example 11 disposes the components of Applicants’
composition onto a target surface in a reverse order. More specifically in this
Example 11, Applicants' first dispose Applicants' Titanium-Oxide Moieties onto the
target surface, the aqueous portion of the first spray deposition is evaporated, and then
dispose Octadecylaminodimethyltrihydroxysilylpropyl Ammonium Chloride 6 over
the carlier-disposed Titanium-Oxide Moieties.

[00051] The test coupons of this Example I were prepared and using
the Procedure recited immediately hereinbelow. In certain embodiments, the treated
coupons were stored for at least four (4) weeks prior to inoculation with various
organisms.

[00052] TABLE 9 recites efficacy data for the treated coupons after
inoculation with E. coli. TABLE 10 recites efficacy data for the treated coupons after
inoculation with MS-2. TABLE 11 recites ctficacy data for the treated coupons after
inoculation with MRSA.

[00053] In summary, TABLEs 9, 10, and 11, demonstrates that first
disposing Applicants' Titanium-Oxide Moieties onto a target surface followed by
disposing Octadecylaminodimethyltrihydroxysilylpropyl Ammonium Chloride 6 over

the earlier-formed Titantum-Oxide Moieties coating, generates a self-decontaminating

surface.
Procedure
[00054] Put on sterile gloves.
[00055] Prepare the test coupons by wiping them first with ISP Alcohol

and allowing to dry.

-14 -
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[00056] Clean the test coupons with surface cleaner using a microfiber
cloth.

[00057] Hold sprayer about eight (8) inches from surface to be cleaned.

[00058] Spray on let stand for 1-3 minutes and wipe it off, if the arca is

extremely dirty allow cleaner to stand longer, or apply a second spray and wipe.

[00059] Wipe surface with a clean, damp sponge or cloth.
[00060] Allow surface to completely dry.
[00061] With gloved hands examine coupons for consistency.

First Coat — Applicants' Titanium-Oxide Moieties application.

[00062] Add Applicants' Titanium-Oxide Moieties to the applicator
container.

[00063] Fasten the Liquid Hose/Bottle cap assembly tightly on the
container.

[00064] Connect the air hose from compressor to air fitting on the spray
applicator.

[00065] Connect the liquid hose to the liquid fitting on the spray
applicator.

[00066] Plug the power cord into an appropriate receptacle. Turn on the

air compressor.

[00067] Optimal spraying distance is at least 36 to 48 inches away from
the target surface.

[00068] Hold the spray gun at right angles to the target surface and
spray.

[00069] Target surface should just barely glisten with the spray. Do not

over-saturate the surface.
[00070] Rinse spray gun with distilled water prior to applying
Applicants' Titanium-Oxide Moicties (unless using 2 sprayers, one for each product).
Second Coat — Organosilane application
[00071] Add the Octadecylaminodimethyltrihydroxysilylpropyl

Ammontum Chloride 6 to applicator container.

-15 -
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[00072] Fasten the Liquid Hose/Bottle cap assembly tightly on the
container.

[00073] Connect the air hose from compressor to air fitting on the spray
applicator.

[00074] Connect the liquid hose to the liquid fitting on the spray
applicator.

[00075] Plug the power cord into an appropriate receptacle. Turn on the

alr compressor.

[00076] Optimal spraying distance is at least 36 to 48 inches away from
the target surface.

[00077] Hold the spray gun at right angles to the target surface and
spray.

[00078] Target surface should just barely glisten with the spray. Do not
over-saturate the surface.

[00079] Allow surface to completely dry.

[00080] Clean the spray gun with distilled water per manufactures’

specifications after each day of use.

TABLE 9
iog ' Log
Reduction | Reduction
0 Hour 2 Hour 2Hours | B Hour & Hours
REVERSED ORDER OF COATING APPLICATION 1,000,000 E 41,000 138 1 140 3.85
Controt 1,000,000 | 800,000 pa¢ | 37000 143
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TABLE 10

Llog
Reduction |
0 Hour 2 Hour 2 Hours

REVERSED ORDER OF COATING APPLICATION 1,000,000 | 18,000 312
Contro . 21,000,000 | 118,000 2.28
TABLE 11
Lo Log ing
Baduction fleduction i 24 Raduction
O Hour 2Howr 2Howrs | BHowr - €Haurs i Hiwir 24 Hours
REVERSED ORDER OF COATING APPLICATION 3,708,000 51,600 188 E 18,000 231 1200 349
Comrol ) 3,790,000 | 2,300.900 021 |ssome 180 | 5860 2.80
EXAMPLE Il
[00081] This Example I1I simultancously disposes a mixture of

Applicants' organosilane and Applicants' Titanium-Oxide Moieties onto the surface of
a plurality of test coupons. More specifically in this Example I, Applicants’
simultancously dispose Applicants' Titanium-Oxide Moieties and
Octadecylaminodimethyltrihydroxysilylpropyl Ammonium Chloride 6 onto a surface
of each test coupon.

[00082] The test coupons of this Example III were prepared and using
the Procedure recited immediately hereinbelow. In certain embodiments, the treated
coupons were stored for at least four (4) weeks prior to inoculation with various
organisms.

[00083] TABLE 12 recites efficacy data for the treated coupons after

inoculation with E. coli. TABLE 13 recites efficacy data for the treated coupons after
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inoculation with MS-2. TABLE 14 recites efficacy data for the treated coupons after
inoculation with MRSA.

[00084] In summary, TABLES 12, 13, and 14, demonstrates that
simultancously disposing Applicants' Titanium-Oxygen Moieties and Applicants’

organosilane onto a target surface generates a self-decontaminating surface.

Procedure

[00085] Put on sterile gloves.

[00086] Prepare the test coupons by wiping them first with ISP Alcohol
and allowing to dry.

[00087] Clean the test coupons with surface cleaner using a microfiber
cloth.

[00088] Hold sprayer about eight (8) inches from surface to be cleaned.

[00089] Spray on let stand for 1-3 minutes and wipe it off, if the area is

extremely dirty allow cleaner to stand longer, or apply a second spray and wipe.

[00090] Wipe surface with a clean, damp sponge or cloth.
[00091] Allow surface to completely dry.
[00092] With gloved hands examine coupons for consistency.

Prepare Combined Solution
[00093] In a measured container combine 50%
Octadecylaminodimethyltrihydroxysilylpropyl Ammonium Chloride aqueous mixture

and 50% Applicants' Titanium-Oxide Moieties aqueous mixture.

[00094] Mix thoroughly.
Coating

[00095] Add the mixture from [00092] to applicator container.

[00096] Fasten the Liquid Hose/Bottle cap assembly tightly on the
container.

[00097] Connect the air hose from compressor to air fitting on the spray
applicator.

[00098] Connect the liquid hose to the liquid fitting on the spray
applicator.
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[00099] Plug the power cord into an appropriate receptacle. Turn on the air
COMPIESSOr.

[000100] Optimal spraying distance is at least 36 to 48 inches away from
the target surface.

[000101] Hold the spray gun at right angles to the target surface and
spray.

[000102] Target surface should just barely glisten with the spray. Do not
over-saturate the surface.

[000103] Allow surface to completely dry.

[000104] Clean the spray gun with distilled water per manufactures’
specifications after each day of use.

TABLE 12

tog Log
Reduction Raduction
DHowr | 2 Hour 2 Hoauvs 6 Heur £ Hours

SIMULTANEQUS APPLICATION .‘L‘GQG;DBG 42;,{}0@
Control o 1,000,000 | 800,000

33 110 3.86
i) 37,000 143

£

TABLE 13

Lap
Reduction
O Hour 2 Hour 2 Hours

SIMULTANEOUS APPLICATION 1,000,000 | 42,000 370
Control 7 21,000,000 | 110,000 228
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TABLE 14

tog Lag tog _
Raduckion Reduction 24 Reduction |
{ Hour 2Hour ZHowts | HHouwr & Howrs Howr 24 Howrs |
SIMULTANEOUS APPLICATION
T T30 145 7000 272 1,460 342
Gonteol 5700000 § 2300,008 3.8 58,000 183 5,806 2.88
EXAMPLE IV
[000105] This Example IV utilizes (3-Aminopropyl)trimethoxysilane in

water as the only organosilane. This being the case, this Example VI utilizes NO
organosilane(s) comprising a quaternary ammonium moiety. (3-
Aminopropyl)trimethoxysilane is rapidly hydrolyzed to (3-

Aminopropyl)trihydroxysilane) 7 when mixed with water.

(\/ NH;

Si
Ve ~
O \'O
ho
H
A
[000106] The test coupons of this Example IV were prepared and using

the Procedure recited immediately hercinbelow. In certain embodiments, the treated
coupons were stored for at least four (4) weeks prior to inoculation with various
organisms.

[000107] Applicants have found that using their two step, spray coating
protocol described hercinbelow, after evaporation of the water from the spray
deposited Titanium-Oxide Moieties and evaporation of the water portion from the

spray deposited aqueous (3-Aminopropyl)trihydroxysilane), the combined weight of
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Applicants’ Titanium-Oxide Moieties and (3-Aminopropy)trihydroxysilanc)
disposed on a treated surface was measured as 1.22 mg/in’.

[000108] Applicants have found that they can dispose (3-
Aminopropyl)trihydroxysilane and Applicants Titanium-Oxide Moieties, by spray
deposition or by dip coating, onto a dressing prior to use of that dressing to cover a
wound. As those skilled in the art will appreciate, a dressing is a sterile pad or
compress applied to a wound to promote healing and/or prevent further harm. A
dressing is designed to be in direct contact with the wound, as distinguished from a
bandage, which is most often used to hold a dressing in place. In certain
embodiments, Applicants' wound dressings including the following: alginates and
other fiber gelling dressings including ropes and sheets, composite dressings, foam
dressings with and without adhesive border, gauze with and without adhesive border,
hydrocolloids, specialty absorptive dressings with and without adhesive borders,
transparent films, collagen dressings sheets and ropes, hydrogel sheets with and
without adhesive border, cotton packing strips, roll gauze, paper tape, silk tape,
compression bandages (elastic, knitted/woven), self-adherent bandage (elastic, non-
knitted/non-woven).

[000109] TABLES 15, 16, and 17, recite efficacy data for the treated
coupons after inoculation with E. coli. In summary, TABLES 15, 16, and 17,
demonstrate that disposing a 3-Aminopropyl)trihydroxysilane coating onto a target
surface, and then disposing TiO, over that 3-Aminopropyljtrihydroxysilane coating

generates a self-decontaminating surface.

Procedure

[000110] Put on sterile gloves.

[000111] Prepare the test coupons by wiping them first with ISP Alcohol
and allowing to dry.

[000112] Clean the test coupons with surface cleaner using a microfiber
cloth.

[000113] Hold sprayer about eight (8) inches from surface to be cleaned.

[000114] Spray on let stand for 1-3 minutes and wipe it off, if the arca is

extremely dirty allow cleaner to stand longer, or apply a second spray and wipe.
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[000115] Wipe surface with a clean, damp sponge or cloth.
[000116] Allow surface to completely dry.
[000117] With gloved hands examine coupons for consistency.

Prepare Dilution for (3-Aminopropyl)tricthoxysilane
[000118] Prepare a 10% solution of 3-Aminopropyl)tricthoxysilane in
Methanol (MeOH) (10 ml silane in 100 ml MeOH).
[000119] Prepare Triethanolamine as a 10% solution in MeOH.
[000120] Combine the triecthanolamine solution and 3-
Aminopropyl)tricthoxysilane solution in a 1:1 ratio on a stir plate at room temperature

(ie-100 ml triethanolamine solution added to 100 ml 3-Aminopropyl)jtriethoxysilane

solution.
First Coat — (3-Aminopropyl)tricthoxysilane application

[000121] Add the mixture from [000116] to the applicator container.

[000122] Fasten the Liquid Hose/Bottle cap assembly tightly on the
container.

[000123] Connect the air hose from compressor to air fitting on the spray
applicator.

[000124] Connect the liquid hose to the liquid fitting on the spray
applicator.

[000125] Plug the power cord into an appropriate receptacle. Turn on the

air compressor.

[000126] Optimal spraying distance is at least 36 to 48 inches away from
the target surface.

[000127] Hold the spray gun at right angles to the target surface and
spray.

[000128] Target surface should just barely glisten with the spray. Do not

over-saturate the surface.
[000129] Rinse spray gun with distilled water prior to applying
Applicants' Titanium Oxide Moicties (unless using 2 sprayers, one for each product).

Second Coat — Applicants' Titanium Oxide Moieties application.
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[000130]

container.

[000131]

container.

[000132]

applicator.

[000133]

applicator.

[000134]

air compressor.

[000135]

the target surface.

[000136]

spray.

[000137]

PCT/US2015/059080

Add Applicants' Titanium Oxide Moieties to the applicator

Fasten the Liquid Hose/Bottle cap assembly tightly on the

Connect the air hose from compressor to air fitting on the spray

Connect the liquid hose to the liquid fitting on the spray

Plug the power cord into an appropriate receptacle. Turn on the

Optimal spraying distance is at least 36 to 48 inches away from

Hold the spray gun at right angles to the target surface and

Target surface should just barely glisten with the spray. Do not

over-saturate the surface.

[000138] Allow surface to completely dry.
[000139] Clean the spray gun with distilled water per manufactures’
specifications after each day of use.
TABLE 15
Bacterial Mean Bacterial Lo Percent
Test Organism | Contact Time | Sampie ID Counts Count Red g?‘, Rediction
(CFU/Carrier) | (CFUICarrier) eduction
9.80E+06
Control 9.21E+06 N.A.
8.65E+08
g',(,"g/’f Time Zero | (3-Aminopropyl) 8.20F+08 8.05E+08
25922 triethoxysilane 7. 90E+06
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TABLE 16

PCT/US2015/059080

Bacterial Mean Bacterial Loa. Perc