
金属ナノ粒子から成る水素吸蔵材料の化学状態分析

Ni K XAFS
Ni

6000 25 

[1-3]

1 200 
[4]

XPS(as prepared sample)

TEM image

QCM

865 860 855 850 845

Ni(OH)  2

NiO

Ni  XPS Ni 2p3/2

0

In
te

ns
ity

 [
a.

 u
.]

Binding Energy [eV]

 Ni nanoparticles
 Ni single crystal
 residual spectrum

[6]

QCM Chamber

Deposition Chamber

Fabrication Chamber

He

H2 or He

Linear Motion

QCM

XPS chamber

evacuate

Ni nanoparticle

Stainless Steel Pipe
(O. D. 1/8 inches)

DC 
Power
Supply

valves

Reference QCM

Ni wire

300 K
in-situ XPS: PHOIBOS100-5ch with Mg Kα X-ray

TEM : JEM2500SE

[5]
He (6N5)

Quartz Crystal Microbalance (QCM) XAFS: Ni K-edge XAFS
Fluorescence Yield (FY)

 

Ni K-edge NEXAFS

8300 83208310 8330 83508340 8360 8370 8380

Before exposure to H2

Hydrogen atmosphere
After exposure to H2

NiH      [2]0.85

NiO

Ni foil

In
te

ns
ity

 [
a.

 u
.]

Photon Energy [eV]

Ni K-edge NEXAFS
BL5S1@Aichi SR

Hard X-ray

BL5S1@Aichi SRI0

19 SSD

Ni

Radial Distribution Function

0 1 2 3 4 5 6
0

5

10

15

20

25

30

35

40

Before exposure to H2

Hydrogen atmosphere
After exposure to H2

Ni foil

|χ
(R

)| 
[A

-4
]

Radial Distance [A]

Ni

Ni foil

Ni K-edge EXAFS
Radial Distribution Function

Ni nanoparticles
Fit.

|χ
(R

)| 
[A

-4
]

Radial Distance [A]
0 1 2 3 4 5 6

0

5

10

15

20

25

4 6 8 10 12

k3 χ
(k

)

k [A]

Ni
XAFS(X-ray Absorption Fine Structure)

Ni
20 nm

[1] M. L. Wayman and G.C. Weatherly, Bulletin of Alloy Phase Diagrams 10, 
569 (1989).
[2] B. Lengeler and R. Zeller, Solid State Commun. 51, 889 (1984).
[3] B. Lengeler, Phys. Rev. Lett. 53, 74 (1984).
[4] (2007)
[5] S. Yagi, et al., e-J. Surf. Sci. Nanotech. 4, 258 (2006).
[6] C 1762 (2011).

2.48 12
3.51 6
2.46 8.46 1.71
3.40 3.36 3.81

Ni foil

Ni nanoparticles

Hydrogen

Ni

金ナノ粒子の生体適合性に関する研究
Ritsumeikan Univ.

The SR center

0.1-0.2 mm

P
O

O

N+
H3C

CH3

CH3

H O

O

O
O

O

O-

+

0 5 10 15 20 25 30

D
is

tr
ib

ut
io

n 
(%

)

Particle size (nm)

13.4+/-3.3 nm

395 400 405 410 415 420 425

To
ta

l E
le

ct
ro

n 
Y

ie
ld

 (
ar

b.
 u

ni
ts

)

Photon Energy (eV)

403.6eV
σ*(N-C)

PC multilayer
PC/Au sheet

N K-edge (TEY)
@ Ritsumeikan univ.

SR center P
O

O

N+
H3C

CH3

C
O

O-

H
Au

H
Au sheet

2140 2145 2150 2155 2160 2165 2170

2151.8eV
P1s π*(P=O)

F
lu

or
es

ce
nc

e 
Y

ie
ld

 (
ar

b.
 u

ni
ts

)

Photon Energy (eV)

2152.6eV
P1s σ*(P-O)

P K-edge (FY)
@ AichiSR

PC multilayer
(PC/Au sheet) - Au sheet

Smoothed spectrum 

P
OO

N+

CH3

CH3

CH3

O

O-

P
O

O

N+
H3C

CH3

CH3
O

O-

Au sheet
or

[1] S. Rana et al., Adv. Drug Delivery Rev. 64 (2012) 200.
[2] H.-C. Huang et al., J. Am. Chem. Soc. 4 (2010) 2892. 
[3] S. Yagi et al., Nucl. Instrum. Meth. A 467-468 (2001) 723. 
[4] S. Yagi et al., Surf. Interface Anal. 36 (2004) 1064. 
[5] K. Yamanaka, private communication in Report for Ritsumeikan 
    University SR Center BL-2  (2013).

[6] M. Sawada et al., AIP Conference Proceedings 879 (2007) 551.  
[7] H. Nameki, private communication in Aichi Prefectural Technical Report (2010). 
[8] C. Tsukada et al., e-J. Surf. Sci. Nanotech. 11 (2013) 18.
[9] T. Mizutani et al., Thomson Reuters database (2012). 
[10] T. Okajima et al., BUNSEKI KAGAKU 59 (2010) 447. 

73.9 %

0 %

Au

In

P

XPS(before and after 
exposure to H2)

865 860 855 850 845
 

XPS Ni 2p

In
te

ns
ity

 [
a.

 u
.]

Binding Energy [eV]

Before exposure to H2

After exposure to H2

Residual spectrum
:(after)-(before)

3/2

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

0.01

0.1

1

10

100

1000

H
yd

ro
ge

n 
pr

es
su

re
 [

T
or

r]

H/Ni

300 K

1st exposure to H2

1st evacuation
2nd exposure to H2

2nd evacuation
3rd exposure to H2

3rd evacuation


