[ 1

unanes

answaanTansesunasnluvuInlazIUTNveteYNIAlansinalAunTIie AN SO

1 [y LY

nssseufisenvedlansnsuddusniee Jansesuimangadiiionanuisavililans s quaniunly

(% '
¥ = N =

Jusssufasenldedelivsaninmindufosdquandfmardorfivuiuiiags aunsodity
Taviganawanidldudause naonsuviliAnuInaimnsaukaSmzdonsissUAzeniiauls nil
Tufaniideinduianuiseuraniigninnsanuldlunumesinudisal fisende ns1flu 91nuanis
naaeshulasinsiuansiiiiuii e lansanisasuufinvesnnituanuansalunisissufasen

vaslanytuIziuTuag 1 taauiiaisuiulaneNusnAandan ey asvilinsluanunse iy

' v
v =< 1

ANNENIANISISURAsevetlangismatiianvnunain () YreiunsgaduiiiaIusEningens

Y]

] A g [ 1 ] aaa - o Y a A o 1 ! aaa A a a 1

aeruiulavenduiundaseaufiten (i) iliAnaendmgdenisiseuiseriiinainansiisusia
viIRfuWMIUNNIaeAe NaguuRaIng iy (i) Suillewnanmsiindunsisensenitdanefunsiily
H1U d- Tt interaction v lAuMuILULYRIBIaNATEULaTaNTRNslnTweslangiug Wasuly (v)

nsuanasudianaseuszwinnsiludulangluszwinnsiinufisenadnneguulans e

3
av

Tulasansideilldvinisdnwinisuszendldnsfuduiansessulansedadieielddu

Missuisen Ufiseaulalulasenisilawnnisissufisereendwnduvesdimuluiduusiueasiie

'
o 123

Anglunsasenles n1sssfisesanduvesingasusulaunledludunsanesin sausnislédu

missufisendmsunmsdunneiienaueenladiiulfizendnendinduveseidulaediweandiau

DuarsoenTuaud 9nansveaasmuitusennsiulangansqmailidessonsissuiizen ns

Wasurdavesdansduduisnmsnlenazdslunisusuvasunasnauiiuuse@nsnmissujisen

1% '
= a o w ]

Timunzauazdnnzaen1sinUfizense dsluanuideizdudoyaiugrunddgdiniunis

Y o«

(%

WU faseneiindnugiuunannsfuieldlugaamnssuniisiagsield



Abstract

The catalytic activity of metal atoms (or metal nanoparticles) is strongly dependent
on it size the nature of the support. The necessary requirements of supports include a large
surface area, strong metal-support interaction and the presence of active sites that specifically
participate in the reaction mechanism. Among materials, graphene has provided new
opportunities for the development of supported metals as catalysts. From results of this
project, it was found that when the metal is doped into the graphene, the catalytic activity of
the supported metals can be drastically enhanced as compared with the unsupported
metal. Graphene may cooperate with the catalytic cycle involving metals in at least four
distinctive ways: (i) by strong adsorption of the substrates and reagents near the metal active
centers, (Il) by making specific catalytic sites available on the graphene nanosheet due to
defects, or the presence of dopants, (iii) via d-mt metal support interaction, which influences
the electron density of the metal, (iv) promoting substrate reactivity by giving or withdrawing
the electron density from the graphene.

Nanocluster Aug supported on three atomic-TM-decorated graphenes (TM= Au, Pd, and
Pt atom) is chosen as a model catalyst, and the chemical reaction of partial oxidation of
methane by N,O as an oxidant is used to probe the catalytic activity of Aus nanocluster.
Without support, the Aug nanocluster is catalytically inactive. When the Au, nanocluster is
deposited on the substrate, the catalytic activity of the supported Au, nanocluster is greatly
changed and strongly depended on the type of metal on the graphene surface. Furthermore,
the mechanism for formic acid synthesis by hydrogenation of CO, on a single-atom
Cul/graphene catalyst and the mechanism for ethylene oxide synthesis by epoxidation of
ethylene with O, as an oxidant a single-atom Til/graphene catalyst were investigated by
density-functional theory calculations. Compared with the energy barrier of these rate-
determining steps, the active performance of the supported metals is superior to the isolated
corresponding metal atoms because of the graphene support. These studies suggest a new

class of graphene-based catalysts and pave the way for future applications of graphene in

solid-state catalysis.



	APSUSC32100_JK2016.pdf
	Hydrogenation of CO2 to formic acid over a Cu-embedded graphene: A DFT study
	1 Introduction
	2 Computational methodology
	3 Results and discussion
	3.1 Adsorption of gas molecules on Cu/dG
	3.2 Hydrogenation of CO2 over the Cu/dG
	3.2.1 CO2 hydrogenation through Route A
	3.2.2 CO2 hydrogenation through Route B


	4 Conclusions
	Acknowledgments
	Appendix A Supplementary data
	References





