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KO ARABRAR D OFNERA, BRIBHEAA, BEiAE 2T 22

% FEREAAC ) iR ) ERAE 27U 2 )

PU 109.6 +2.1 69.6+2.5 40.0 + 2.7

PU-ZNO-PDMS 157.5+2.8 156.4+£2.9 1.11+£09

PU-ZnO-Cu-PDMS-10 [157.7 2.1 156.6 2.1 1.10£ 0.6

PU-ZnO-Cu-PDMS-20 [161.6+ 1.0 160.8 £ 0.9 0.8+0.2
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0000000000000 00D0000000000000000000000000
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0000000000000 00D0D0000000000000000000D0O00noan
0000000000000 0000000000D00O0O0oO0OOoOooOGOan

%3 : DMEMJ Ok & /2t > 7)Vin 5 O K OHRIRIBE (n=4)

7))
PU-ZnO-PDMS

PU-ZnO-Cu-PDMS-10
HIKPEPU-ZnOE 7K PU-ZnO-Cu-10 12.472 + 1.285

gooooao

%Cu (ug/mL)  %Zn (ug/mL)

5.392 2911
3.283 £0.900 6.681 £2.361

26412+ 0972 8.439+2.299
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F4 TN EICBELZHIECEF U cm2 Ot

PU PU-ZnO- PU-ZnO-Cu-

(it HR) PDMS PDMS-10
S. aureusDCFUcm™2 2.299 x 1019 9.205 x 108 1.330 x 107
PUCHHE) (%) & FLs U 7= el 95.99 + 1.36 99.94 + 0.02
PU-ZnO-PDMS & kL U 72 14 (%) 98.55+0.43
pEXPUCKH ) 0.001 0.001
pfE XPU-ZnO-PDMS 0.001 0.004
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INTERNATIONAL SEARCH REPORT International application Nao.

PCT/US2022/015801

A, CLASSIFICATION OF SUBJECT MATTER
IPG(8) - BO1J 20/00; BO1J 20/02; C09D 5/00; CO9D 5/6; CO9D 7/63 (2022.01)

CPC - BO01J 20/00; BO1J 20/02; BO1J 20/0244; C09D 5/00; CO9D 5/16; COSD 5/1618; COAD 7/63
(2022.05)

Aecording to Intemnational Patent Classification (TPC) or to both national elassification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
sea Search Histary document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

see Search History document

Electronic data base consulted during the international search (name ol data base and, where practicable, search terms used)

sae Search History document

. DOCUMENTS CONSIDERED TC BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevent to elaim No.

Y  ~|OZKAN et al., Fabrication of Bacteria- and Blood-Repellent Superhydrophoble Polyurethane 1-8, 10-33
Sponge Materials, ACS Applied Materials & Interfaces., Vol. 12, D4 November 2020, Pgs.
51160-51173 and supporting information

UG 200710266896 A1 (SUWA et al) 22 November 2007 (22.11.2007) entire document 1-8, 10-39
US 2020/0087534 A1 (RIDGEFIELD ACQUISITIGN) 19 March 2020 (19.03.2020) entire 28
document

Y US 2020/0108371 A1 (NANYANG TECHNOLOGICAL UNIVERSITY) 02 Aprit 2020 29

(02.04.2020) entire document
A US 2012/0132930 A1 (YOUNG st al) 31 May 2012 (31.05.2012) entire document 1-8, 10-39

A ={ AN et al., The Synthesis and Morphology of a Perfluorcalky! Oligosliexane@SIHO2 Resin and Its | 1-8, 10-39
Performance in Antl-Fingerprint Coatlng, costings, Vol. 8, No. 100, 09 March 2018, Pgs. 1-13

A US 2018/0288203 A1 {(PRESIDENT AND FELLOWS OF HARVARD COLLEGE) 18 October 1-8, 10-38
2018 {18.10.2018) entire document

D Further documents are listed in the continuation of Box C. D See patent family annex.

*  Special categories of cited documents; “T"  later document published afler the international filing date or priority

“A"  document defining the general state of the arl which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

the priority date claimed

“D*  document cited by the applicant in the international application “X" document of particular relsvance; the claimed invention cannot be

“E™ carlierapplication ar patent but published on or after the international considered novel or cannot be considered to involve an inventive step
filing date when the document is taken alone

“L” document whigh may throw doubts on prority claim(s) or which “Y™ document of particular relevance; the claimed invention eannot
is cited to establish ¢ A:ubllcatmn date of another citation or other be considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents, such combination

“0™"  documentreferring toan oral disclosure, use, exhibition or other means being abviaus to a person skilled in the art

“P*  document published prior to the international filing date but later than  “&”  docurnent member of the same patent family

Date of the actual completion of the international search

23 May 2022

Date of mailing of the international search report

JUN 19 2022

Name and mailing address of the [SANJS

Mall Stop PCT, Aftn: ISA/US, Commissianer for Patents
P.O.

Facsimile No. 571-273-8300

Box 1450, Alexandria, VA 22313-1450

Authorized officer

Taina Matos

Telephone No. PCT Helpdesk: 571-272-4300

Form PCT/ISA210 {second sheet) (July 2019}
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Box No. I1 Observations where certain clzims were found unsearchable (Continpation of ltem 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2){a) for the following reasons:

1. EI Claims Nos.:

because they relate to suhject matter not required to be searched by this Authority, namely:

2, D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

kN D Claims Nos.:

because they are dependent elaims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No.II1  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This Internaticnal Searching Authority found multiple inventions in this international application, as tollows:
See exira sheet{s).

1. I:l As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims,

2, I:! As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4, % No required additionat search fees were timely paid by the applicant. Consequently, this international search report is restricted
1o the invention first mentioned in the claims; it is covered by claims Nos.:

1-8, 10-38

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation,

]:l Mo protest aceompanied the payment of additional search fees,

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2019)
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‘ PCTAIS2022/015601

Continued from Box No. [Il Observations where unlty of Invention Is iacking

Claim 1-8 and 10-38 have been analyzed subject to the restrictfon that the clafms read on a coating compaosition compeising (a) zinc
oxide nanoparticles: (b) copper nanoparticles; (c) a perfluorolkylsuloxane wherein the perfluaralkylsiloxane has the formula R2-8i{0OR1)3,
wherain R1 is a subsfituted C1 alkyl, wherein the C1 alkyl is substituted with ~CH3 as described in Applicant's Spemﬁcatmn.
PCTUS2022/15801, Para. [0047]; and R2 is a G1 perluoroalkiyl group; and (d) an organic solvent. )

Form PCT/ISA/210 (extra sheet) (July 2019)
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This application contalns the following inventlons or groups of Inventions which are nat so finked as to farm a single general inventive
concept under PCT Rule 13.1, In order for all inventions to be examined, the approprats additional examination faes rneed to be pald.

Group I+: claims 1-39 are drawn to coating composltions, coated artlcles preduced by the methad thereof, coated arllcles thereof,
methods for preventing the growth of bacterla on an article, methods for preventing the adheslon of fibrinogen cn an articie, and methods
for preventing the adheslon of platelets on an article.

The firsi invention of Group I+ is restricted to a coating composition comprising {a) zinc oxide nanopartictes: (b) coppsr nanoparticles; {c}
a perfluorclkylsiloxane, wherein the perflucrolkylsiloxane has the formula R2-8i{CR1)3, wherein R1 is a substituted C1 alkyl, wherein the
C1 alky! is substituted with ~CH3 as described in Applicant's Speclfication, PCT/US2022/15801, Para. [0047]; and R2 is a C1
perfluorcalklyl group; and {d) an organic sclvent; coated articles produced by the method thereof; coated articles thereof; methods for
preventing the growth of bacteria on an article; methads for preventing the adhesion of fibrinogen on an article; and methods for
praventing the adhasion of platelets on an article. it is believed that cfaims 1-8 and 10-39 road on this first named invention and thus
these claims will he searched without fee lo the extent that they read on the above embodiment.

Applicant Is invited to elect additional formula(e) for each additional compound te ba searched In a specific combination by paying an
additional fee for each set of elaction. Each additional elected formulaie) requires the selection of a single definftlon for each compound
variable. An exemplary election would be a coaling composition comprising (a) zinc oxide nanoparticles: (k) copper nanoparticles; (c}a
perflucrolkylsiloxane, whersin the perfluorolkylsiloxane has the farmula R2-8i(OR1)3, wheraln R1 is a unsubstituted C1 alkyl; and R2 is a
C1 perfluoroalklyl group; and (d) an organic solvent; coated articles preduced by the method thereof; coated articles thereof; methods for
preventing the growth of bacteria on an artlcle; methods for preventing the adheslon of fibrfnogen on an article; and methods for
praventing the adhesion of platelats on an article. Additlonal formula(e) will be searched upon the paymant of additional faes. Applicants
must specify tha claims that read an any additional elected inventions. Applicants must further indicate, If applicable, the claims which
read on the first namad Invention if different than what was indicated above for this group. Failure to clearly Identify how any paid
addltlonal invention fees are ta be applled 1o the “+" group(s) will result in only the first claimed invention to be searched/examined.

The inventions listed in Groups [+ do not relate to a single general Inventlve concept under PGT Rule 13.1, because under PCT Rule
13.2 they lack the same or corresponding special technical fealures for the following reasons:

The Groups |+ formulae do not share a significant structural elerment requiring the salection of alternatives for the perfluorolkylsiloxane
and accordingly these groups lack unity a priori.

Additionally, even if Groups |+ were considered to share the technlcal features of a coating composition comprising (a) Zinc oxide
nanoparticles: (b) copper nanoparticies; {c) a perfluarclkylsiloxane: and (d} an organic solvent; a coated article praduced by the method
comprising {a) applying the coating composition to at least one surface of the article and (b) removing the organic solvent from the
coating composition to produce the coated artisle; a coated arficle comprising a first coating on at least one surface of the srtlcls,
wherein the first coating comprises zinc oxide nanoparticies and copper nancparticlas covalently bonded 1o a perfluoralkylsiloxane; a
method for preventing the growth of bacterla on an article, the mathod comprising applying the coating compositlon to at least one
surface of the article; a method for preventing the adheslon of fibrinogen on an article, the method comprising applying the coating
composition to at least one surface of the article; and a method for preventing the adheslon of platelsts on an article, the method
comprising applying the coating composition to at lsast one surface of the article, these shared technical features do not represent a
contribution cver the prior art as disclosed by US 2012/0132830 A1 to Young et al., "The Synthesis and Morphology of a Perfluoroalkyl
Oligosiloxane@SiO2 Rasin and Its Performance in Anti-Fingerprint Coating” to An et al,, and US 2018/0298203 A1 o President and
Fellows of Harvard College.

US 2012/0192930 A1 to Young et al. disclose a coating composition (Pera. [0049], layer 110, which (along with the additives 108) is
coated or otherwise disposed on fop of another device layer 112; Fig. 1B) comprising (a) zinc oxide nanaparticles {Para. [0092],
Additives include ... zinc oxide nanoparticles); (b) copper nanoparticles (Para. [0092], Additives include ... Cu nanoparticles); end {d) an
organic solvent (Para. [0149], the embedding fluid can be specially formulated to act as an effective sclvent for a polymer, while possibly
also being modified with stabilizers {e.g., dispersants) to help suspend the additives in the embedding fluid); a coated article produced by
the method comprising {a) applying the coating composition to at least one surface of the article (Para. [0149], the application of an
smbedding fluid ta allow additives to be embadded into a dry compositlon} and (b) removing the organic solvent from the coating
camposition to praduce the coated article (Para. [0149], the softened or swelled composition is hardened by evaporating or otherwise
remaving at least a portion of the embedding fluld (or other liquid or liquid phase that is present), applying airflow, applying a vacuum, or
any combination thareaf); a coated article (Para. [0154), additives 502 and an embedding fluid 504 are applied to the dry composition
500. The addilives 502 can ba in solution or otherwisa digpersed in the embedding fluid 504, and can be simulianecusly applied fo the
dry composition 500 via one-step embedding. Alternatively, the additives 502 can be separately applied to the dry composition 500
botore, durng, or after the embedding fluld 504 treats the dry composition 500. The separate application of the additives 502 can be
referred as two-step embedding. Subsequently, the resulting host material 506 has at least some of the addltivas 502 partially or fully
embedded into a surface of the host material 506; see also Fig, 5A) comprising a first coating on at least one surface of the article (Para,
[0154], additives 502 on host material 506; see also F1g. 5A), wherein the first coating comprises zinc oxlde nanoparticles {Para. [0082],
Aditives include ... zinc oxide nanoparticles) and copper nanoparticles (Para. [0092], Additives Include ... Cu nanoparticles).

*The Synthasls and Morphelogy of a Perfiuarcalkyl Qligosiloxane@SiO2 Resin and lis Pesformanca in Anti-Fingerprint Coating” to An et
al. disclose perflucrolkylsiloxane (Pg. 2, Lns. 31-45, 1,3,5,7-letramethyl-3,5,7-ri{perfluorodecyl/octyl)-1-riethoxylsilylethylens
cyclotetrasiloxane) and nancparticles covalently banded to a perflucrolkylslloxane (Pg. 2, Ln. 47 through Pg. 3, Ln. 8, 2.3. Synthasis of
Nano SIO2 Hybrid Fluorinated Alkyl Ollgoslloxane Resin, see Scheme 1, Schemalic llustration of synthetic procedure of FSI@SI02
rasin; Abstract; nanc-hybrid perfluoroalkyl oligesiloxane resins (FSI@SI02) were synthesized using the hydrolysis and condansation of
FVPS with tetrasthylorthosilicate. The chemical structure, marphology, end performance of FSI@Si02 were investigated. The results
indicate that the FSI@S02 is a nana hybrid fiuorinated polysiioxane resin with mean particle sizes of 200-400 nmy).

US 2018/0298203 A1 to President and Fellows of Harvard Collage discloses a methed for praventing the growth of bacterla on an article
{Para, [0278], The slippery surfaces produced In accordance with the present methods showed excellent prevention of attachment

Form PCTASA/210 (extea sheet) (July 2019)
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and/or facilitation of low-force detachment of mature bacterlal bloflim Incubated on the surfacs), the method camprising applying the
coating composition to at least one surface of the article (Para. [0143], These particles assemble into roughened solid layer upon solvent
drying. Such a solid layer can then be Infiltrated by lubricating fluld {FIG. 14, view AZ2) (which can also be applied by additional spraying).
' FIG. 14, view A shows a surface roughened by a spray method. Here, the substrate 140 is roughened by spraying or depositing a
particulate matter 142 on the substrate 140 to create a porous coating {view A1) and the roughensd surface is inflitrated with lubricating
liquid 144}; a method for preventing the adhesion of fibrinogen on an article {Para. [0245], Anti-coagulation surfaces disciosed hereln
rapresent a novel and surprisingly effective method for contraliing the adhesion of blood components, such as platefets and fibrin,
involved in tha clotting cascade mechanism; i.e., controlling adheslon of flbrin indicates fibrinagen is repelled from the surface.), the
mathoad comprising applying the coating composition to at least one surface of the artlgle (Para. [0143]); and a methad for preventing the
adhesion of platelets on an arficle (Para. [0245], Anti-coagulation surfaces disclosed herein represent a novel and surprisingly effactive
method for contralling the adhasion of blood components, such as platelets and fibrin, Involved in the dotting cascade mechanism), the
methed comprising applying the coating composition to at least one surface of the artlcle (Para. [0143]).

The inventions listed in Groups I+ therefore lack unity under Rule 13 hecause they do not shara a same or correspanding speclal
technical feature. ’

Form PCT/ISA/210 (extra sheet) (July 2019),
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