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Surface hydrogen engineering: First-principles calculations of spillover
hydrogen and demonstration of quantum tunneling effect

Hinuma, Yoyo
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"Moving hydrogen efficiently” is an important issue toward a hydrogen
society. The hydrogen-on-graphene system was considered as an example of hydrogen moving on a
surface. Hydrogen can be diffused more easily by adsorbing graphene on a gold support and
transferring some of the graphene®s electrons to the gold support. Atomic-level models are required
for first-principles calculations, and new methods for modeling surface properties, including
surface diffusion, were developed.



H (H* ) (e)
H
(1) H
H
H
H
H
(2) 5
H
(1]

(3)

1
H
H

hollow, bridge ) (2]
(2) HEA

FCC Fe, Co, Ni, Cu, Zn, Ru, Rh, Pd, Ag, I, Pt 5

8-11 Os Zn
12Cs=792 528 5 125
CO,
©) H
H
+H

(4)

(4-1)

H+

(top,



(4-2)

(1) [3]
{% (@ £ € ;E)
8 o Eooficl o Bolofeld o Balo
Ol*-lGE ==Ol~lc
8 o Baoflcl o Balofcl o E
OI‘-lél Eﬁl-*lo
, 1- D¢ - D¢ - X
. 5)) 4 o b (Lo .oA :
TiO2(110) CeO,(001)
Nudged
elastic band
TiO, 12eV CeO, 0.6eV

-5 0 5 10
1. (a)TiOz (110) H
Ti (0]
(0]
(1]
H
ev/ (b)
H
(2) HEA [4] H
Fe,Co,Ni,Cu,Zn,Ru,Rh,Pd,Ag,Ir,Pt,Au 5
fcc HEA CO2 A
CO,
HEA
HEA
WY N
23 10 6|—?EAHEA H2E7A =l N SO SO
- FeCoNiCu /\ AW -
-0.08eV CO2 < Cn Ru Rh Pd
~ AgIrPtAu /
N = // /
CO2
2
Ag,Ru,Pd,Au,Zn
HEA (top ) o
HEA %/J\C?gz RETRILF—-025eV!
5% -0.01eV
Co2  top (¥oms S0
CO,
HEA 2. HEA CO;
©) H
3 H
Ane H
3(a) activation energy, Ea 0.9eVv 3@ An~0
H TS C
3(b) Ans=0 TS H
3(b) Ane0 Ea 10 1.2V 3@ Ane0
H-on- (Ane ) Ea

Au



Au

a
e @
0.8evV H
TS =
H (HY) 3
H S)
TS H g
c
K]
Ang=0 R C atoms/supercell 1
g 051 e _
< r —v—50
Ane - -O--—=m—72 4
r -O--—49—98 1
( [ 1 L _0__._}12 L]
3(c) 01 05 0 05 1
H (b) Added electrons An, (e/supercell)
25— . , . , ; i ; i
r C atoms/supercell R
4-1 < I —A—32 .
(4-1) > [ 50 ]
@ =72 _
[5] g o X8 -
c
& L |
2 + J
©
e L |
LI) I~ - :::-’O"__O'__‘-O'
E 151 L /ﬁ -
3 | - i
g i l==fl--_0----0----0 ]
1 . 1 . L . 1 . 1
1 -1 -0.5 0 0.5 1
Added electrons An, (e/supercell)
4 (©)
400 ; , ; , ; , ; ,
__-0
L o |
Autogenerate matrix i < ..o
Hexagonal — Square 9 o ? %300_ STl o
\ o | 2 = \8:::50,—:-—5’
[+ o =
(4 1) \ (+] \ g - i
14 e ® 3
£ L _
1‘ ° o (-] 0\ § 200
(8 0) (145 145) o 9o 2 Catoms/supercell 1
9] A
47 l \ g 100 ——50 .
°=°=°3°1 p°°°°o°°°°o°,°°o°°’ O -0--—a—72
o o e AL LA -O-—49—98 i
©o o _o _o 10 e%% 0% 0% 0% o -—e—112
© o o o o LS e e Sieig Sle
o°o°o°o°o A A A ol . | . | L ! L |
o o o o CEA LT LY -1 05 0 0.5 1
© o o o o L LA L
o Yot o Y0 AR LAY Added electrons An, (e/supercell)
© o _o o Pob ettt ety
?o : ° : ° : ° :‘ AR 3. H ( Cc )
T (3 (b) (TS
4, C-H (c)
A ne /
C
(4-2) [6.7] s
H
unsaturated coordination index, ¢
( Li-O NaO KO MgO CaO TiO; SnO; GeO;
TiO; B-GapxOs 6-Al03 ZrOy)



(R2)

2 1
of aplane) p
1 (surface roughnessindex) v

[1] Mori et a.,Nat. Commun. 2021, 12, 3884.

[2] Hinumaet al., J. Phys. Chem. C 2020, 124, 27621.
[3] Hinuma, Mori. Materias Transactions, 2022, 63, 72
[4] Hinuma, Mori. STAM Methods, 2023, 3, 2161807
[5] Hinuma. STAM Methods, 2024, 4, 2300254,

[6] Yasumuraet al., ACS Omega, 2023, 8, 29779

[7] Hinuma. STAM Methods, 2023, 3, 2278323

(atom proximity function



Hinuma Yoyo 4

Generation of almost rectangular, square, and hexagonal two-dimensional supercells 2024

Science and Technology of Advanced Materials: Methods 2300254
DOI

10.1080/27660400.2023.2300254

Hinuma Yoyo Mori Kohsuke 3

CO2 adsorption on the (111) surface of fcc-structure high entropy alloys 2023

Science and Technology of Advanced Materials: Methods 2161807
DOI

10.1080/27660400.2022.2161807

Yasumura Shunsaku Kamachi Takashi Toyao Takashi Shimizu Ken-ichi Hinuma Yoyo 8

Prediction of Stable Surfaces of Metal Oxides through the Unsaturated Coordination Index 2023

ACS Omega

29779 29788

DOl
10.1021/acsomega.3c04253

Hinuma Yoyo 2
Modeling interfaces of fluorite-structure compounds using slab charge distribution 2022
Science and Technology of Advanced Materials: Methods 392 401

DOl
10.1080/27660400.2022.2126739




Hinuma Yoyo 2

Systematic derivation of maximally orthogonalized supercells 2022
Science and Technology of Advanced Materials: Methods 266 279
DOl

10.1080/27660400.2022.2093094

Hinuma Yoyo Mori Kohsuke 3

CO02 adsorption on the (111) surface of fcc-structure high entropy alloys 2023

Science and Technology of Advanced Materials: Methods -

DOl
10.1080/27660400.2022.2161807

Hinuma Yoyo Mori Kohsuke 63

Geometrical Determination of Surface Atom Diffusion Paths 2022

MATERIALS TRANSACTIONS 720 725
DOI

10.2320/matertrans.MT-M2021225

10 0 2

2023

2023




132

2023

61

2023

14

2023

Yoyo Hinuma, Kohsuke Mori

Computation estimation of the quantum tunneling effect crossover temperature of hydrogen at graphene

9th International Fuel Cell Workshop 2022

2022




48

2022

2022

2022

Finding maximally orthogonalized supercells with given size

32 MRS-J

2022

Yoyo Hinuma

Deriving Maximally Orthogonalized Supercells with Given Size

6th International Symposium on Frontiers in Materials Science (FMS2022)

2022




2022

2022




