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Abstract of Thesis

"Green Chemistry" is a relatively new emerging field that strives to work at the molecular level to achieve
sustainability. The development of novel and efficient catalyst is considered as the most essential mean to
accomplish "Green Chemistry", because catalyst is the key to improving the reaction efficiency and reducing
the utilization or production of toxic chemical compounds. In this thesis, the catalysis of copper nitride (CusN)
nanoparticles for organic reactions was studied.

In Chapter I, the author summarized the fundamental background and preparation method of CusN. The
application of CusN as a potential catalyst in various fields, such as electrocatalysis, photocatalysis, and organic
synthesis was also reviewed.

In Chapter Il, nanocubic copper nitride (nano-CusN) with varying dimensions of 50-200 nm was prepared
through the calcination method and used as the heterogeneous catalyst in the hydroxylation of aryl halides.
The nano-CusN catalyst exhibited high catalytic activity, comparable to that of conventional Cu salts with N
ligands, demonstrating that the N atoms in CusN serve as functional ligands to promote the hydroxylation
reaction. This is the first time that hydroxylation of aryl chlorides is achieved over a heterogeneous Cu catalyst.

In Chapter I1l, the author described that the copper nitride nanocube (CusN NC, average size: 67 nm)
synthesized by solvothermal method was an efficient heterogeneous catalyst for green oxidative
functionalization of indoles with O as a sole oxidant under additive-free conditions. The catalytic activity of
CusN NC outperformed other Cu compounds in oxidative trimerization and Witkop oxidation of indoles, and
a wide substrate scope was compatible. This is the first application of the CusN to oxidative organic reactions.

In Chapter 1V, the author mentioned the efficient hydroboration of alkynes to vinyl esters catalyzed by CusN
NC catalyst. A wide range of alkynes can be transformed into the corresponding products in excellent yields.
The hydroboration of alkynes under mild and additive-free conditions was achieved for the first time. The
control experiments and spectroscopic analyses revealed that the Lewis acid (Cu) and Lewis base (N) sites on
CusN NC surface play an essential role in ensuring the distinguished catalytic activity.

Chapter V describes a green and efficient method for synthesizing silanes via the CusN NC catalyzed-
hydrosilylation of unsaturated compounds. Various substrates including alkynes, alkenes, imines, and
azobenzenes were tolerated to generate the desired products in excellent yields. Moreover, the CusN NC
catalyst promoted the dihydrosilylation of alkynes, which provided a novel method for germinal (bis)silanes
synthesis. This is the first Cu heterogeneous catalyst for the hydrosilylation of various unsaturated compounds.

In General Conclusions, the author summarized novel catalysis of the crystalline CusN nanoparticles in
various types of organic reactions and mentioned the scope and outlook of the CusN nanoparticles as the
catalytic materials.
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Fee TREZR BUED LT RO EBIZB N T, BEICELWVWE ) SV EEHRTL7 V-7 I A M) —0fE&IT
MERAIRTHY | KAREDTIND Z TN\ o TV 72 SO T~ D EEHSLfil i 5 s OF A3k D H TV 5,
Ty AT IANAERSE TILIAE CHRERBMEEDOBRE R TON TEZN, BIROREMER S < 2o mfliZe &
EROFMANS, BE CLMRIEESBABOBENRE & o TV 5,

A LITB VT, Hang XUKIFRER AWV SN TE s BT/ b1l 2 R 3 2 Ik B Ao migie b 2 X
29 ATEE—IFERES/RICER L, AMEBAE L LTORAMTEA R IR TR, E{LE) kit
(CusN)DFHHY & 2 DRI RE IZ DWW Tk 7z, FRICHEBEE UG O CH MBI R RS Th 5 B S, BRI
BOGE X OIS ~OERAMEEZ A 20 Lz, LR, RO M & RS OFEMERE 7T,

H2EE T, BEARIEIC X W RREL L 7250~200 nmD F /¥ = — TURZALERRE 5 O 4 B I ERIAT 2 ATV, &5
FERE AT A OKERC SR U CEiE e R — Rl & U CHBET 2 2 L &R L7z, CusNfS sz ON
TR S AT AR T & LTHREL TW A Z e 2SN LTz, $3ETIE, YR —< kLY
67TNMER 2B A R S A7z F 2 — T AROCusNT / flidh AR L. 02 2 kAl L 751 v R— VO ELE
FACICHD AR — R CTH D 2 & &2 A L7z, CusNT /iSO BRI TN — MO Cuf L% ELENL T & LT
MRET 22 L EHOLMNT Lz, Fa, HEEETIL, TAXF T ATy AR EHZIIUO &35 KA
e or FekvEb, BLOt ey U HERIEIZBW T, CusNT ./ fE S miE i R — Rt & 72 5 =
LERHLE, MaDXxy T 72— arnbCusNT /ERBEHONLA A (Cu) BLOULA ZHHE (N)
A FOBEHENERL, BROMBRTHUHEATH > ZHEORMBAREL 252 L &AL,
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