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(57) Abstract: Novel three-dimensional molecular clusters and methods of their synthesis are provided. The three-dimensional mo -
lecular clusters may be perfunctionalized polyhedral boranes and carboranes. The three-dimensional clusters may be configured to
manipulate the photophysical properties of other materials, including, for example, for use as photooxidants or as components in or-
ganic light-emitting diode materials. Methods are also provided for synthesizing and perfunctionalizing such three-dimensional
clusters. The three-dimensional clusters may also be configured for use as organomimetic materials.
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According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED
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CO7F 5/02;, HOIL 51/00; GOIN 33/551; GOIN 33/569
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Korean utility models and applications for utility models
Japanese utility models and applications for utility models

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

eKOMPASS(KIPO internal) & Keywords: photooxidant, icosahedral dodecaborate, photo-mediated
(co)polymerization, nanomolecules

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X LEE, M. W., et al. “Alkoxy derivatives of dodecaborate: Discrete 1,2
nanomolecular ions with tunable pseudometallic properties” , Angew.

Chem. Int. Ed., 2007, Vol. 46, No. 17, pp. 3018-3022
See pages 3019, 3020; scheme 1; and figures 1, 3.
A 3-6,15-28

A PEYMANN, T. et al., “Dodeca (benzyloxy) dodecaborane, B12 (OCH2Ph) 12: 1-6,15-28
A Stable Derivative of hypercloso-B12H12” , Angewandte Chemie International
Edition, 2001, Vol. 40, No. 9, pp. 1664-1667

See page 1665, left column; scheme 1; and figure 1.

A SPOKOYNY, A. M., “New ligand platforms featuring boron-rich clusters as 1-6,15-28
organomimetic substituents” , Pure and Applied Chemistry, 2013, Vol. 85,
No. 5, pp. 903-919

See abstract; page 905; and figure 2.

A MUKHERJEE, S. et al., “Boron clusters in luminescent materials” , Chemical 1-6,15-28
Communications, [Epub.] 26 October 2015, Vol. 52, No. 6, pp. 1070-1093
See abstract; page 1071; and figure 1.
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Further documents are listed in the continuation of Box C. See patent family annex.
* Special categories of cited documents: "T" 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
to be of particular relevance the principle or theory underlying the invention
"E" carlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referting 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 later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
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See abstract; page 334, right column; page 337, left column; page 338,
right column; and figures 2-4.
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Box No. Il Observations 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. Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. Claims Nos.:
because they relate to patts 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:

3. |:| 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. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
L claims 1-6 and 15-28, directed to a metal-free photooxidant, a method for photo-mediated (co)polymerization, a molecular
scaffold for forming atomically precise nanomolecules or a method for forming atomically precise nanomolecules, all of them
related to an icosahedral dodecaborate.
II. claims 7-12, directed to a transition metal complex ligand comprising unsubstituted or substituted 1,1’-bis(o-carborane).
IIL claims 13-14, directed to a transition metal complex carboranyl-aryl ligand.
IV. claims 29-33, directed to a covalent organic framework or a method of forming a covalent organic framework.

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

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

3. |:| 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 additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 1-6,15-28

Remark on Protest |:| The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.
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.
|:| No protest accompanied the payment of additional search fees.
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