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US 201310196132 A1 (KELLER ET AL.) 1 August 2013 {01.08.2013)- entire document 1-26

D Further documents are listed in the continuation of Box C.
r

D See patent family annex.

. Special categories of cited documents:

“A*  document defining the genesal state: of the art which is not considered
to be of particular relevance

“D* document cited by the applicant in the injernational application

YE"  egrlier application or palent but published on or after the international
filing date

“L* document which may throw doubts on priosity claim(s) or which
is cited to establish the publication date of anoiher citation or other

special reason (as specified)

“T" later document published after the international filing date or priority
and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"3 document of particular relevance; the claimed invention cannot be
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INTERNATIONAL SEARCH REPORT International application No,
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Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This intermational search report has not been established in respect of ¢ertain claims under Article 17(2)(2) for the fallowing reasons:

1. I:I Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2, D Claims Nos..

becauge 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:

kY D Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a),

Box No, IIl  Observations where unity of invention is lacking (Contlneation of item 3 of first sheet)

This International Searching Authority found multiple iveirtions in this international application, as follows:
**ggp axira sheet*™*

1. [:l As all required additional search fees were timely paid by the applicant, this infernational search report covers all scarchable
claitns,

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees. ‘
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. I::] As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those cleims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant, Consequently, this international search report is restricted
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to the invention first mentioned in the laims; it is co y claims Nos.:
1-25
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.

I:I No protest accompanied the payment of additional search fees.
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INTERNATIONAL SEARCH REPORT._ . International epplication No.

PCT{US 22/44541

Centinuation of Box No. Il {Observations whare unity of inventlon is lacking)

This application contains the following inventions or groups of Inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be searched, the appropriate additional search fees must be paid.

Group i: Claima 1-25 are directad towards a catalylic structure comprising: a substrate, at least a surface layer of tha substrate being
formed of a metal oxlde; and a plurality of high-entropy alloy (HEA) nancpariicles formed on the surface layer of the substrata, each
HEA nanopatticle having a maximum cross-sactional dimenslon less than or equal to 1 micrometer, each HEA nanoparticla comprising a
homogeneous mixture of at least four different elements forming a single-phase solid-solution alloy.

Group 1I: Clalm 26-56 Is direcied towards a method comprising: providing one or more catalytic structures, sach catalytic structure
comprising a substrate and a plurality of high-antropy alloy {(HEA) nancparticles, at least a surface laysr of the subsirate being formed of
a metal oxide, the plurallty of HEA nanoparticles belng formed on the surface layer of the substrate, each HEA nanopariicle having a
maximum cross-sectional dimension less than or equal to 1 m, each HEA nanoparlicle comprising a homogeneous mixture of at least
four elements farming a aingle-phase salid-solution allay; and flowing cne or more reaciants Inte contact with the ane or more catalytic
substrates such that a chemical reaction converis the one or mora reactants at a first temperature to one or more products.

The Inventions listed as Groups |- do not ralate to a single general inventive concept under PCT Rule 13.1 bacauss, under PCT Rule
13.2, they lack the same or correspending spacial technical features for the following reasons:

Special Technical Features:

Group | requires a catalytic structure comprising: a substrate, at least a surface layer of the substrate being formad of a matal oxide; and
a plurality of high-entropy alloy (HEA) nanoparticles formed on the surface layer of the substrata, not required by Group 11

Group | requires a method comprising: providing one or more catalytic structures; and flowing one ar more reactants into contact with
the one or more catalytlc substrates such that a chemical reaction corverts the one or more reactants at a first temperature to ene or
mora products, not required by Group 1.

Shared Technical Features:

Group 11l share the common technical features of a catalytic structure comprising: a substrate, at least a surface layer of the substrate
belng formed of a metai oxlde; and a plurality of high-entropy alloy (HEA) nanoparticles formed on tha surface layer of the subairate,
each HEA nanapariicle having a maximum cross-sectional dimension less than or equal to 1 micrometer, each HEA nancparticle
comprising & homagengous mixture of at sast four different elements forming a single-phasa solid-sclution alloy. However, these shared
technical features do not represant a contribution aver prior art bacause the shared technical features are being obvious over US
201840161840 A1 to University of Maryland, Collage Park (herelnafter "Maryland™). Maryland teaches a catalytic structure (Fig 8,
catalytlc structure comprising subsirate 200 and multielement ndnoparticles 110; Fig 1B, high entrapy alloy nanoparticles 110; para
[0059], FIG. 9 illustrates a plurality of multislement nanoparticles or high-entropy nancparticles formed on a surface of a substrate; para
{0202], FIGS. 21A-21E illustrate catalytic performance of HEA-NPs for ammonia axigatlon; para {D207), the enhanced catalytic
salactivity of the HEA-NPs la likely due to the highly homogenous nature of the solld solution nanaparticles, HEA-NPs fabricated by the
method may be a general route towards highly active, durabla, and cost-effective catalysts) comprising: a substrate (Fig 8, substrate
200, substrate can be carbon-based material, metals, ceramics, polymer based material, combination therecf; para [0154], the substrate
200 raay be formed from carbon-based materials, metals, caramics, polymer-basad materials or combinations of the foregolng); and a
plurality of high-sntropy alloy (HEA) nanoparticles formed on the surfaca layer of the substrate (Fig 8, mulfelemant nanoparticles 110
shown formed on surface layer of substrate 200; Fig 1B, high entropy alloy nanoparticles 110; para [0058], FIG. @ ilustrates a plurality of
muitielement nanoparticles or high-entropy nanoparticles formed on a surface of a substrate), each HEA nanoparticle having a
maxImum cross-sectional dimension less than or equal to 1 micrometar (Fig 9, multielament nanoparlicles 110; Fig 1B, high entropy
alloy nanoparticles 110 comprising nanoparficles (< 1 micrometer)), each HEA nanoparticia comprizing a homogeneous mixture of at
least four differant alemerts forming a single-phase sclid-solution alloy (Fig 9, multislement nanoparticies 110; Fig 1B, high entropy alloy
nanoparticles comprising at least five alemants, hornogenous mixing of the at least five elements within the nancparticles; para [0037],
FIG. 1B illustrates high-entropy nanoparticle according to the present disclosure includes at least five elements and there is
homogenous mixing of the five or more elements within the nanoparticles) but does not specifically teach thers the surface layer of the
substrata is formed of a metal oxide. Howaver, Maryland teachas whereln at least the surface layer of the substrate ls formad of a metal
{Fig 9, substrata 200, substrate can be metals; pars [0154], the substrate 200 may be formad from carbon-based materals, metals,
geramics, polymer-based materlals or combinations of the foregelng), forming compounds with metals and non-metal elsments (para
{0112], the composition may be metalllc elamants forming compaunds or compesites with non-metal slaments), and caating the surface
of the substrate with a precursor {para [0029), precursor is deposited on a surface of the substrate), Based on the teachings of Maryland
it would have been obvious to one of skill in the art to employ a metal oxide as the metal to form the surface layer of the substraté to
enhance the binding between the surface layer and HEA nanopartcles, optimizing the overall structural stability of the catalytic structure.

As the shared technical features were kngwn in the art at the time of the invention, they cannot be censidered special tachnical features
that would otherwise unify the groups. Therefora, Groups I-Ii lack unity undar PCT Rule 13,
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