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Theoretical study on elucidation of the mechanism of oxygen reduction reaction and
development of carbon alloy electrodes.

KOBAYASHI, Hisayoshi
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Oxygen reduction reaction on carbon alloy electrodes was investigated at the eleme
ntary step level using the density functional method calculation and model molecules for graphene such as
coronene. Oxygen molecule is not adsorbed on unsubstituted graphene but is adsorbed on nitrogen substitute
d graphene through the interactions of unpaired electrons. Adsorption depends on the magnitude of unpaired

electrons, and is stronger at the peripheral sites than at the inner sites within molecules. This is expl
ained in terms of flexibility of the hybridization change from sp2+p to sp3, the latter can make a stronge
r bonding with oxygen molecules.



®)
XPS
" (2) DFT
C N
ORR (C )
OOH,
OOH,, O, OH N
O,Hy"
O4Hg
Pt O, + O4Hg+ +e -
OOH + O;Hg
Q) type-3a 1 &
O,
N N
(2)
(2)
V-1
(3)
V-l
) XPS HIC  NIC
N
CN
CN-Pt (3) DFT
5
30
20
> 10 — ; :vt
v = 1
% 00 gﬁ ,L
2722 f /( * OOH
g é —&— 0420
& -30 —4&— HOOH
-4.0 OH
50 f —— H20
-30 -20 -10 00 10 20 30
Electrode potential /V
2
1 N




2 Oev

1.23V
OCOH -
HOOH OH - OH, O, -
OOH
OH
O,
OH
O OH
4
V-1
D
(ORR)
ORR
3
O2
C N
N
Singly
Occupied Molecular Orbital

Site-1a Site-1b Site-2a Site-2b Site-2e Site-2n Site-3a Site-3c Site-3d

-20

-30

kJ /mol

-40

-50

-60

L B O2 Adsorption Energy
-70 104

—e— Spin density on C atom
-80 045

02

N
C-H
. sp+p
sp
N
ORR
2
CosHoa
DFT
3
HOMO-LUMO
3
3
Pt
Pt
1 3
Pt
Pt-C
Pt

©)



CN Pt

ORR

(2V3x2V3)R30° o
(111) Pt o
CN A. Cuesta, J.
Am. Chem. Soc., 2006, 128, 13332.
Pto(CN)g
Pt36(CN)s
Cuesta Pt(111) CN
4 DFT
2
2 Pty
6 CN
Ptao(CN)e 3
6 CN
Ptss(CN)s
CN
3 Pt Pt-Pt-Pt
CN 0O,
(6(0)
CoO

180
=02
160
—140
L
o
€120
2
100
g
880
w
.g 60
B
S 40
o
<y
0
Pt20 Pt20(CN)6 (0)  Pt20(CN)6 (2-)  Pt20(CN)6 (6-)
5 0O, CH;0H CO Pty

Pt30(CN)s

CcO
5 O, CH,0OH CcO
Pty Pto(CN)e
O,
CN
Pt
CN
CcO
Pt
CN
CN
O-H
C-H
CN 6
O-H
C-H
CN O-H
( )
C-H
CN
CN
Pt
1500
100.0 /\.
500 //,e-\
T_g 00 N /,i/ ~~~~~ ©
/ Q z
i 500 )/,/ /.\ N \\\ //'/,
E -1000 i // = \%f/’/ -<=-Pt20
© /
"_2"500 ~ ) —=-Pt20CN6
& // ——[Pt20CN61(6-)
-2000
‘/
-250.0
-300.0

C-H fission C-H fission  Reactant
product TS

6
“Reactant” O-H
“O-H fission product”

“C-H fission product”

O-H fission  O-H fission
TS product

CH;0H

C-H




C-H
CH,0H O-H
CH;0
CH,0OH
O-H

CH,OH O-H H

CN

CN

Pt
CN
CN

100

. /\
g -100
2 / \/ )
3 -200 y va ~
% ~
%ﬂ @""/'/_Q\ N / .
& -300 AN
/ N Pid “s<<o
2 / N v PR
5 _400 , \Cad = & =Pt36
) C4
4 —= ~Pt36(CN)6(0)
—+— Pt36(CN)6(6-)
-500
C-H C-H Reactant O-H O-H
fission  fission TS fission TS fission
product product
7
CH;0H “Reactant” O-H
“O-H fission product”
C-H “C-H fission product”

. Hisayoshi Kobayashi, Nakzono Tomoya,
Soichi Miyazaki, Toshiko Miura, Nobuyuki
Takeuchi, and Tokio Yamabe, DFT Study of
Oxygen Reduction Reaction on N-substituted
Carbon Electrodes. Adsorption, ICCS3:
SymposiumOA:Ceramics  for  Electricity,
Energy Conversion and Sorage IOP
Publishing IOP  Conf.Series:Materials
Scienceand Engineering 18 122010(1-4)
(2011).

. Takashi Yumura, Tatsuya Awano, Hisayoshi
Kobayashi and Tokio Yamabe, Platinum

Clusters on Vacancy-Type Defects of
Nanometer-Sized Graphene Patches,
Molecules, 17, 7941-7960 (2012).

. Takashi Yumura, Hisayoshi Kobayashi, and

Tokio Yamabe, Energetics of dioxygen
binding into graphene patches with various
sizes and shapes, Science China-Chemistry,
55(5), 787-795 (2012).

. Renhong Li, Hisayoshi Kobayashi, Jiawei

Tong, Xiaoqing Yan, Yu Tang, Shihui Zou,
Jiabin Jin, Wuzhong Yi, and Jie Fan,
Radical-Involved Photosynthesis of AuCN
Oligomers from Au Nanoparticles and
Acetonitrile, J. Am. Chem. Soc. 134,
18286—18294 (2012).

. Shihui Zou, Renhong Li, Hisayoshi

Kobayashi, Juanjuan Liua and Jie Fan,
Photo-assisted cyanation of transition metal
nitrates coupled with room temperature C—C
bond cleavage of acetonitrile, Chem.
Commun., 49, 1906-1908 (2013).

. Renhong Li, Hisayoshi Kobayashi, Xiaoqing

Yan, Jie Fan, Dioxygen activation at room
temperature during controllable and highly
efficient acetaldehyde-to-acetic acid
oxidation using a simple iron(Ill)—acetonitrile
complex, Catalysis Today, in press (2013).

DFT ” 107
2011 3 29-30

-Yumura, T.; Awano, T.; Kobayashi, H.;

Yamabe, T.: “Introduction of Vacancy-type
Defect to Graphene Enhances the Interactions
with  Platinum  Cluster”  International
Conference on Science and Technology of
Synthetic Metal (ICSM) 2012, (2012/07/10)
Hyatt Regency Atlanta (Georgia, USA).

. Yumura, T.; Kobayashi, H.; Yamabe, T.:

“Electronic Properties of Nanometer-sized
Hydrographene Species And Their Use for
Dioxygen Activation” Carbon 2012,

(2012/06/19) Auditorium  Maximum,
(Krakow, Poland).
Li Renhong, Fan Jie,
“ CN
0,,CO CH;0H DFT
” 112

2013 9  18-19
Li Renhong, Fan Jie,
“ CN 0,,CO
CH;0H DFT ”
113 2014 3



26-27

.Fujimawa, K.; Kobayashi, H.; Li, R.; Fan,

o

&)

®

J.; Yamabe, T.: “DFT calculation on
adsorption of O,, CO and CH30H on CN
modified  Pt(111)”  Seventh = Tokyo
Conference on Advanced Catalytic Science
and Technology (TOCAT7 Kyoro 2014),
(2014/06/1-6) Kyoto TERRSA (Kyoto,
Japan).

KOBAYASHI Hisayoshi

YAMABE Tokio

YUMURA Takashi



