w 20187101887 A1 I 0000000

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

X

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
07 June 2018 (07.06.2018)

(10) International Publication Number

WO 2018/101887 A1

WIPO I PCT

(51) International Patent Classification:
C01B 32/182 (2017.01) B82Y 30/00 (2011.01)
B01J 23/38 (2006.01) B82Y 40/00 (2011.01)

(21) International Application Number:
PCT/SG2017/050588

(22) International Filing Date:
29 November 2017 (29.11.2017)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
102016100038 29 November 2016 (29.11.2016) SG

(71) Applicant: NANYANG TECHNOLOGICAL
UNIVERSITY [SG/SG]; 50 Nanyang Avenue, Singapore
639798 (SG).

(72) Inventors: TAN, Thatt Yang Timothy; c/o Nanyang
Technological University, 50 Nanyang Avenue, Singapore
639798 (SG). ZENG, Zhiping; c/o Nanyang Technological
University, 50 Nanyang Avenue, Singapore 639798 (SG).

Agent: KINNAIRD, James Welsh; Marks & Clerk Singa-
pore LLP, Tanjong Pagar, P.O. Box 636, Singapore 910816
(SG).

74

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH,CL,CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,

(54) Title: MULTI-LAYERED METAL-CARBON MATERIALS-BASED NANOARCHITECTURES

Figures

7

METEEE, T

# #
(RPN ﬁfxv?i\/‘-,,;f-\._,;.fé\_,/w,!if’ Polyethylenimine
B L ¥ {FED)

7

- @ 2e00
| M

7

o

Ny
=

IR

Charge tuning

X
B
@m\%\m&x

Metal NCs

10

Figure 1

(57) Abstract: Disclosed herein is a multi-layered composite thin film material formed from graphene quantum dots (GQDs) and
metal nanocrystals in a layer-by-layer design, wherein the metal nanocrystals can be selected from the group consisting of Ru, Rh, Os,
Ir, Pd, Au, Ag and Pt. In a preferred embodiment, the multi-layered composite thin film material is prepared via a facile, green, and
easily accessible layer-by-layer (LbL) self-assembly strategy. In this strategy, positively charged GOQDs and negatively charged metal
nanocrystals are alternately and uniformly integrated with each other in a "face- to-face" stacked fashion under substantial electrostatic
attractive interaction, and then the obtained GOQDs/metal composite thin film is calcined into GQDs/metal composite thin film. The
composite thin film material disclosed herein may be used to catalyse a wide range or reactions, including selective reduction of aromatic
nitro compounds in water and electrocatalytic oxidation of methanol at ambient conditions.
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