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A. CLASSIFICATION OF SUBJECT MATTER

IPC(8) - B828B 1/00, B82Y 5/00, B82Y 40/00, C12P 19/34, C25B 9/16 (2016.01)
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According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED
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IPC(8)- B828 1/00, BB2Y 5/00, BB2Y 40/00, C12P 18/34, C25B 9/16 (2016.01);
CPC-B82B 1/00, BB28 3/0009, BB2B 3/0047, BB2Y 5/00, BB2Y 40/00, C12P 19/34, C25B 9/16
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USPC- 422/400, 423/28, 422/268, 422/328.2, 435/183, 530/388.21, 977/704, 977/760-977/782, 977/788-790, 977/953;

Fatants and NPL (classification, keyword; search terms balow)

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

Pub West {US EP JP WOQ), Pat Base (AU BE BR CA CH CN DE DK EP E5 FI FR GBE IN JP KR SE TH TW US WO), Googla Patant,
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facet, surface, DNA, nusleic, nucleotide, polynuclaotide, nanacube, cuba, cubic, polyhedral...

C. DOCUMENTS CONSIDERED TQ RE. RF1LEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No,
X JONES et al. "DNA-nanopariicle superlattices formed from anlsotropic building blocks.” Natura | 1-3, 23-25, 52-54
Materials Letters [online], Epub 03 October 2010 (0:3.10.2010) {Retrieved on 2016-11-28],
Volurma 9, Retrieved from the Intemnet: <DOI: 10.1038/NMAT2870>, see entire documesnt,
especially Figs. 1a-d, Table 1, Supp. Fig. 15: pg 913, cal 1, para 2; pg 913, col 2, para 1; pg
914, col 1, para 2
X US 2012/0135237 A1 (GRACIAS et al.) 31 May 2012 (31.05.2012), para [D0O8], [0014], [0038), | 82
[0046), [0054]
Y | US 20150175833 A1 (KIM) 25 Juna 2015 {25.08.2015), para [0008]-[0170] 1-3, 23-25, 52-54, 92
US 2009/0169807 A1 (YANG et al.) 02 July 2009 (02.07.2009), para [0019]-[0144] 1-3, 23-25, 52-54, 92
US 2008/0117002 A1 (KOTOV et al.) 07 May 2009 (07.05.2008), para [00DE]-[0067] 1-3, 23-25, 52-54, 92
D Further documents are listed in the continuation of Bex C. D
*  Special categaries of cited dacuments: “I"  later document published after the international filing date or priority
“A™  document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
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“E” carlier application or patent but published on or after the intemational “}* dogument of particular relevance; the claimed invention cannot be
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0" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

“P”  document published prior to the international filing date but kater than  « g,» p
the priority date claimed 2 & dotument member of the same patent family

Date of the actual completion of the international search Date of mailing of the internatienal search report
28 November 2016 1 5 DE c 2016
Name and mailing address of the ISA/US Authorized officer:
Mail Stop PCT, Attn: ISA/US, Commissioner for Patants Lee W. Young
P.Q. Box 1450, Alexandria, Virginia 22313-1450
- PCT Helpduah: 571-272-4300
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Box Ng, 11 Observations where certain ciaims were found chable (Continuation of item 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. I:I Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely;

2. D Claius Nos.:

because they relate (0 parts of the intemational application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carricd out, specifically.

3 m Claims Nos.; 4-22, 26-29, 34-40, 44, 45, 49-51, 55-59, 63-69, 73-86, 90, 91, 101-112
because they are dependent claims and are nol drafied in accordance with the second and third sentences of Rule 6.4(a).

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

This International Searching Authority found muhtiple inventions in this international application, as follows:

This application contains the following Inventions or groups of inventions which are not so linked as to form a single general inventive
concapt undar PCT Rule 13.1. In order for all Inventions to be examined, the appropriate additional examination foes must be paid.

Group k- Claims 1-3, 23-25, 52-54, and 92, drawn o a superstructure comprising nanopartictes joined in face-to-face contact and
euperstruciuresfa devire farmed therefrom.

Group I1: Claims U-72, and 87-89, drawn to a superstructure comprising nanopanicles bonded togethar via binding
interactions/partners.

-- Please Ses Supplsmental Box --

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

2, D As all searchable claims could be searched without effort justifving additional fees, this Autherity did not invite payment of
additional fees.

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

1. }E Mo required additivual search fbes were tmely paid by the apphicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-3, 23-25, 52-54, 92

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

I:, 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.

D No protest accompanied the payment of additional search fees.

Form PCT/ASA/Z10 (continuation of first sheet (2)) (January 2015)
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Continwed from Box No. lll, Observations where unity of invention is lacking,

Group Iil: Claims 30-33 and 41-43, drawn to stable suparstructures comprising nanoparicles, wherein at least two of the nanoparticles
are not in contact with each othar within the superstructure or no move than 50% of the nancparticles forming the superstructure are
identical.

Group IV: Claims 46-48 and 60-62, drawn to a plursality of superstructures formed from nanoparticles bound together by noncovalent
interactions,

Group V: Claims 83-85, drawn to arlicles comprising nanoparticle suparstructures,

Group Vi: Claims 9B, drawn to a method of coating.

Group VII: Claims 97-100, 113, and 114, drawn to methods of synthesizing a superstructure/nanocube.
Special Technical Features

The Inventions listed as Groups I-V){ do hot relate 1o a singla ganeral inventive concept under PCT Rula 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

Groups |-Vl do not require a supersiructura comprsing at least thres nancparticles, joined in face-to-face contact to form the
superstructure, each face-to-face contact of the superstructura baing defined by a binding intaraction between the respactiva contacting
nanaparticles, wherein each of the binding Interaction within the suparstructure of nancparticles comprises no more than 10% of the total
hinding interartinng within the euperciructura of nonopartioloa (as in Glaim 1);

a plurality of superstructures, the superstructures formed from nanoparticles joined in face-to-face contact to form the superstructures,
wherain at least 50% of the superstructures comprisa at least three nanoparticles and are indistinguishable (as in Claim 52);

an electronic circuit comprising a conductive pathway defined by a plurallty of polyhedral nancpariicles jeined in face-to-face contact to
form the conductive pathway {as In Claim 92). as raquitad by Gronp |

Groups | and [1I-VIl do not require a superstructure comprising at least three nanoparticies bonded together via specific binding
Interactions, wherein each of the binding interactions within the superstructure of nanoparticles comprises no mere than 10% of the total
binding interactions within tha superstructure of nanapanticles (as in Claim 23);

a first nanoparticle, comprising a first face comprising a first binding partner, a second faca comprising a second binding partner, and a
third face comprising & third binding partner; and

a second nanoparticle, comprising a first face comprising a binding partner, wherein the binding partrier of the secend nancparticle is
abla to specifically bind to the first binding partner of the first nanoparticle without specifically binding to the second or third binding
partners (as in Claim 70);

a plurality of nanopariicles, comprising at least first and sacond hanoparticles each comprising facas, the faces of each of the first and
second nanoparticles having differant arrangements of binding partnars, wherain anly one face of the first nanoparticle and one face of
the second nanoparticla have binding partners that can specifically bind to each other [as in Claim B7), as required by Group li.

Groups [, 11, and IV-VII do not requine a stable superstructure comptising at least three nanoparticles, whersin at least two of the
nanoparticlas are not In cantact with each other within the superstructure (as in Claim 30);

a stable superstructure formed from a piurality of nanoparticles, wherein no more than 50% of the nanoparticles forming the
superstructurc are identical (aa in Claim 41), as reyuirad by Group Il

Groups Il and V-V go not require a plurality of superstructures formed from nanoparticles bound togethar by noncovalant interactions,
wherein al least 50% of the superstructures comprise at least thrae nancparticles and are indistinguishable (85 in Claim 46);

a suspension comprising a plurality of stable superstructures formed from nanoparticles, wherein at least 30% of the superstructures
within the suspension comprise at least three nanoparticles and are indistinguishable (as in Claim B0), as required by Group IV.

Groups |-V, VI, and VIl do not require a superstructura having an interior space, the suparstructurs formed from a plurality of polyhedral
nanoparticles (as in Claim 93); a plusality of nanopariicles positioned to form a superstruciure, wherein the suparstructura has at least
one surface defined by the Faces of at least some of the nanoparticlas forming the superstructure (as In Claim a4y

a sheet farmed from a plurality of nanocubes, wherein the shast has a thickness defined by the thickness of a single nanocube (as in
Claim 85}, as required by Group V.

Groups |-V and VIl do not require a mathad, comprising: applying a first coating to a first face of a plurality of nanoparticles comprising
faces without applying the coating to a second face of the nanoparticles; applying a second coating o the second face of the
nanoparticles withaut applying the coating to the first face of the nanoparticles; and enriching the plurality of nanoparticles Iin
nancparticles having a specific arrangement of the first and second faces (as in Claim 96), as required by Group VI.

Graups -V do not require a melhod of synthesizing a patched nanocube comprising stamping the faces of a nanogube with threa or
mere species of salectively binding patches (as in Claim 97); a method of synthesizing a superstructure comprising patched nanccubes,
comprising combining nanocubes in solution with three or more species of selectively binding chemicals thal contain a sequence of
raglons with different miscible properties (as in Claim 98); method of synthesizing a superstructure, comptising combining
nanostructures in sclution with three or more species of salectively binding chemicals that contaln a sequenca of regions with different
miscible propesties (as in Claim 113); a methed of synthesizing a patched nanostructure comprising stamping the faces of a
nanostiucture with three or more species of selectively binding patches (as In Claim 114), as required by Group VII.

- Please Ses Supplemental Box ~

Form PCT/ISA/210 (extra sheet) (Janvary 2015)
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Continuad from Box No. I, Obsarvations whara unity of invention is lacking,
Shared Commen Features

The only featurs sharsd by Giuups 1-VIE thut would otherwlse unily the groups 1s nanoparlicles, However, this shared technical feature
does not represent a contribution over prior art, becausa the shared technical feature is anticipated by US 2008/0117002 A1 to Kotov, et
al. (hereinafter 'Kotov'), Kotov discloses nanoparticles (para [0026]).

The ¢nly feature shared by Groups |I-V| that would ctherwise unify the groups is at least three / a plurallty of nanoparticles. Howsvaer, this
shared technical feature does not reprasent a contribution over prior art, bacause the shared technical featurs is anlicipaled by Katov.
Kotov discloses at least three / a plurality of nanoparticles (Fig. 4B; para [0011]).

The only leature shared by Groups I-V and VII that would otherwise unify the groups is a suparstructyre, However, this shared technicat
fealura does net rapresent a contribution over prior an, because the shared technical feature Is anticipated by Kotov. Kotov discloses a
superstructure {para [0022]).

The only feature shared by Groups ), I, and VIl thai would otherwise unify the groups Is a binding interaction/arrangement. However,
this shared technical feature does not represent a contribution over prior an, bacause the shared technical feature is anticipated by
Kotov, Kotov discloses a binding interaction/arrangement {para [0029]).

Tlwe only feature sharad by Groups |, I, V and VI that would otherwise unify the groups is a face. However, this shared tachnical feature
does not represent a contribution over prier art, bacause the shared technical feature is anticipated by Kotov. Kotov discloses a face
{para [0064]).

The only featura shared by Groups V and VI| that would ctherwisa unify the groups Is nanocubes. However, this shared technical feature

does nat represent a contribution over prior ar, becauss the shared technical feature Is anticipated by Kotov. Kotov disclosas
nanocubes (para [0061], cubic nanoparticle CdTe.).

As the tachnical features wera known in the art at the time of the invention, this cannot be considered a special technical feature that
would otherwise unify the groups.

LIOUPS I-VII theretare lack unity under PCT Rule 13 becauss they do not share @ samae or corresponding spacial tachnical feature.
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