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)
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International application No.
PCTAS 17/24600

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8)- CO7D 221/18 (2017.01)
CPC

- COBK 5/3437, COBK 5/0041, CO7D 49306, CO7D 471/06

1 Patent Classification {IPC) or to both national classification and IPC

Accgrding o Inter

B.  FIELDS SEARCHED

See Search History Document

Minimum documentation searched (classification system followed by classification symbols)

See Search History Document

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

See Search History Document

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

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of docurment, with indication, where appropriate, of the relevant passages

Relevant 10 ¢laim No.

X
[0128]

18-22, pg. 11-12, Table 4, pg. 37, In 26-29

US 4,884,186 A (Gordon et al.) 16 January 1890 (16.01

{19.11.2105}; entire document

US 20110079773 A1 (Wasielewski et al.} 07 Aprit 2011

US 2011/0042649 A1 (Duvall et al.) 24 February 2011 {24.02.2011}; para [0041), [0043], {0050],

WO 2008/158553 A2 (CARBEN SEMICON LIMITED) 3D December 2009 (30.12.2003); pg. 9, In

EP 0791849 A1 (ENICHEM S.p.A.) 27 August 1997 (27.08.1997); para j0D03]
WO 2015175522 A1 (CAPACITOR SCIENCES INCORPORATED} 19 November 2015

US 5,583,359 A {Ng et al.} 10 December 1996 (10.12,1996); col. 1, In 13-21

1-4, 6, 13, 15, 24-29

1, 30-34

1990); eol 1, In 45-57 1-4,6,13, 15, 24-34
14, 6,13, 15, 24-34

14, 8,13, 15,24-34

{07.04.2011); entire document 14,8, 13, 15, 24-34

14,6, 13, 15, 24-34

[:‘ Further documents are listed in the continuation of Box C.

D See patent family annex.

Special categories of cited documents: “T"  later document published after the internatonal filing date or priosity
“A” document defining the gencral state of the ant which is not considersd date and not in conflict with the application but cited to understand
10 be of particular relevance the principle or theery underlying the invention
“E" earlier application or patent but published on ot after the intenational X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
“@r dpcsrncm wl‘;i]ghhmtﬁy 1hr§rv deubt.:,1 on pri!'orityhclnin'_t(s)_ or whicl;1 is step when the document is taken alone
cited 1o establish the publication date of another citation or other wyw oo won of fcular relevance: o : :
i ¢; the claimed invention cannot be
special reason (as specified) o considered lopai.l:ltvolve an inventive step when the document is
“Q"” 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 o the intemational filing date but Jater than  «g»  gocument member of the same patent family
the priority date claimed

Date of the actual completion of the international search

21 July 2017

Date of mailing of the international search report

14 AUG 2017

MName and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.0Q, Bax 1450, Alexandria, Virginia 22313.1450

Facsimile No.  571-273-8300

Authorized officer:
Lee W. Young

PLT Helpdesk: 571-272-4300
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INTERNATIONAL SEARCH REPORT International application No.
PCTIUS 17/24600

Box No. 1l Qbservations where certain claims were found unsearchable {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 D Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. I:l Claimg Nos.:

becanse they relate to parts of the intemationat application that de net comply with the prescribed requirements to such an
extent that ne meaningful intexmational search can be carried out, specifically:

3 I:I Claims Nos.:
because they are dependent claims and are not drafled in accordance with the second and third sentences of Rule 6.4(a).

Box No, 11 Observations where unity of invention is lacking (Continuation of itemn 3 of first sheet)

This [nternational Searching Authority found multiple inventions in this international application, as follows:
(see supplemental page)

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

2. El 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 intcrnational search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. ﬁ No required additional search fees were timely paid by the applicant. Consequenily, this international search report is

restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
14,6, 13, 15 and 24-34

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:‘ No protest accompanied the payment of additional search fees.

Form PCT/1SA/210 (continvation of first sheet {2)) (January 2015)
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INTERNATIONAL SEARCH REPORT International application No.

PCYAS 17/24600

--continued from Box No. [H--

This application contains the follawing inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rute 13.1.

Group 1+: Claims 1-34, directed to an electro-polarizable compound having the general formula of claim 1, formula 1. The compound of
claim 1 will be searched to the extent that it encompasses the first species of claim 1, representad by the first formula of daim 1, having
tha first structure listed, where Core 1is an aromatic polycyclic conjugated molecule having two-dimensicnal flat form and self-
assembling by pi-pi stacking in a column-like supramolecule, R1 are electron donor groups connected to the aromatic polyeyclic
conjugated molecule (Core 1), mis 1 and " is 0, wherein m and m' are not both equal to O pis O; nis ;s is 0 and k is 0. It is believad
that claims 1-4, 6, 13, 15 and 24-34 read on this first named inventlon, and thus these claims will be searched without fee. Applicant is
invited to elect addiional compounds of claim 1, wharein each additional compound elected will require one additional invention fee.
Applicants must specify the claims that encompass any additionally elected compound. Applicants must further indicate, if applicable,
the claims which encompass the first named invention, if different than what was indicated above for this group. Failure to clearty
identify how any paid additional invention fees are to be applied to the *+' group(s} will result in only the first claimed invention to be
searched. Additionally, an exemplary election wherein different actual variables are selected is suggested. An exemplary election would
be a compound of claim 1, whare Core 1 is an aromatic polycycilc conjugated molecule having two-dimensional flat form and self-
assembling by pi-pi stacking in a column-like supramolecula, R1 are electron donor groups connected to the aromatic polycyclic
conjugated molecule (Core 1), mis 1 and m'is 1, wherein m and m' are not both equal to 0; pis 0; nis 0; s is 0 and k is O (ie claims 1-6,
13, 15 and 24-34).

Special Technical Features:

Group + includes the technical feature of a unique compound of formula in claim 1, which is not required by any other invention of
Group I+.

Common tachnical features:
The inventions of Group |+ share the techrical feature of compound of formula | in claim 1.

These shared technical features, however, do not provide a contribution over the prior art, as being obvious over US 2016/020027 At to
Lazarev view of EP 0791849 A1 to ENICHEM S.p.A (hereinafter Enichem). Lazerev discloses an slectro-polarizables (para [0022]:
dielectric layer.. polarizable conductive anisometric core) compound having general formula (1} where Core 1 is an aromatic polycyclic
conjugated molecule {para [0033]:Table 1, compound 7; n aquals 2) having two-dimensional flat form and self-assembling by pi-pi
stacking in a column-like supramolacule (para [0033]: form molecular stacks due to pi-pi-interaction), R1 are electron donor groups
connectad to tha aromatic polycyclic conjugated molecula {Core 1) (para [0033]:Table 1, compound 7 {OCH3) substituent), mis 2 (2
thiophene units), ' is 0; p is 0; nis 0; s is 0 and K is 0, for use in materials for electranic/optical devices (para [0001]), but does not
disclose wherein the fragment marked NLE containing the Core 1 has a nonlinear effect of polarization. Howsver, Enichem discloses
nonlinear optical compounds comprising an electron danating group on one aromatic ring conjugated to anether aromatic ring containing
an slactron withdrawing group {pg. 2, In 32-36) In order fo increase frequency of incident light for usa in electre-optic devices {pg. 2, In 5-
11). i would have been obvious to one with skill in the art to utilize the compound disclosed by Lezarev, comprising an slectron
withdrawing group pasitioned away from the electron donating group, as disclosed by Enichem, in order to achieve nonlinear
polarization and increase frequency of incident light (higher energy).

As said compound and compositichs were known in the art at the time of the invention, these cannot be considered special technical
faatures that would otherwise unify the inventions of Groups I+. The inventions of Group I+ thus lack unity under PCT Rula 13.

Form PCTASA/210 (cxtra sheet) (January 2013)
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