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Nondestructive Analysis of Tooth - Adhesive Interfaces by Surface Sensitive XAFS.
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Dental adhesives are used to bond the dental materials to teeth. To obtain high du
rability and adhesive strength, informations about the tooth (enamel/dentin) - adhesive interface are extr
emely important. However, conventional analysis methods have some limitations, such as destructive. X-ray
absorption fine structure (XAFS), which is one of spectroscopic methods, makes possible to estimate the va
rious properties (electronic state, peripheral atoms, coordination numbers and the bond distance) of a par
ticular atom in the substance. In this study, we analyze the chemical state of Ca in hydroxyapatite (HAp)-
10-methacryloyloxydecyl dihydrogen phosphate (MDP) mixture. MDP is widely used as an adhesive monomer.Surf
ace sensitive XAFS techniques are applied for the HAp/MDP interface analysis. As results, we found that HA
p - 10-MDP interface is thin MDP-Ca layer ( < 100 nm), and its depth of layer is depend on treatment condi
tion (the ratio of HAp and MDP solution and the treatment period).

XAFS X



XPS

XPS

XAFS

XPS

XPS

XAFS

XAFS

XAFS

HAp
PAA)
HAp
PAA
HAp APP-100, Asahi Optical
HAp PAA
50 wt.%
10 PAA
HAp X XPS)
X XAFS
XPS  JEOL:JPS-9010MC
XAFS
KEK) PF) BL9A
CEY)
HAp
MDP
HAp
10-
10-MDP HAp
HAp  10-MDP
HAp XPS XAFS
XPS
JEOL :JPS-9010MC XAFS KEK
PF BL9A CEY
CEY CEY
100 nm
X X
Pd Pt)

Au



confocal 1
Pt 3
KEK PF NW10A

CEY

'

1
confocal
HAp
2  XPS C
C-C 284.6 eV C00-(288.4 eV)
HAp PAA
PAA Ca
=2t PAA
2 W HoP
2 ™
§ ;,w// - \\\PAA
g | HAp
295 2530 2?35 2?30 275
Binding Energy (ev)
E‘ L PAA
2 HAp
355 3230 3:15 340
Binding Energy (ev)
2
XPS HAp
Ag Ka ,
Ma Ko

PAA

XPS PAA
Ca
K-edge CEY  XAFS
PAA HAp
HAp
HAp
PAA/HAp
[ /\*\\,,‘,, Calcium Acetate |
3 :
s DCPD
=2
4020 4(540 4(;60 40}30 4100
Photon Energy (eV)
3
XANES
MDP
Cls 10-MDP
COOH(288.2¢V)
MDP C=0
Cc-C
Ca
§ I MDP
£ L ™\ HA|
§0 //MW// . MDP-Ca
é I HAp
295 250 25;5 25;0 275
Binding Energy (eV)
=l MDP
e HAp
L M
2 M “\N !
% A J\/f‘v 4 TVl
é L
L HAp
355 3§o 3:15 340
Binding Energy (eV)
4 10-MDP HAp XPS



MDP

HAp
MDP-Ca
MDP-Ca 5
MDP  HAp 100 nm
MDP-Ca
MDP-Ca  HAp
MDP-Ca
MDP-HAp

Ner. it

1
4080

4020 4040 4060 4100
Photon Energy (eV)
5 MDP HAp XANES
6
X
Pd
Pt
Au
Pd Pt
Au
4 Pt Pt Lal
Au Lal X
9442 eV, 9713 eV
7
XANES EXAFS
Fresh PdO

PdO

Pd

XANES

E=24458 eV

Center

it

Ptand Au Pd KO

Ptand Au Pd LD
500 pam 500 pam I I
6 X

Edge

o

Normalized it

Normalized pat

=

AR

24300 24350 24400 24450
nergy (eV)

N
i

00 24350 24400 24450
Energy (eV)

N

— Fresh

-
o
I

[£10

Surface

Normalized pat
Normalized pat

AR

24300 24350 24400 24450

24300 24350 24400 24450

Energy (eV) Energy (eV)
— Fresh 20 — Fresh
15 15
10 10
5 / 5
o N 0 "
I 72 3 45 0 1 2 3 4 5 6
R( ) R( )

Interface

Normalized pat

AN

24300 24350 24400 24450

Energy (eV)
20
— Fresh
15 -
ir10 -
5
0
0 1 2 3 4 5 6
R( )
7
XANES




10 pmd Pt 2um
Pt La X 8

IS pmx35 pum

8 10u m Pt wire

3
o S-PRG
1B_NMR 62
2013 10 19
2013 10 20
(o]
Confocal XAFS & XRF
27
2014 1 11
2014 1 13
(o]
micro XAFS

2013 2014 3 18 2014

@
WADA, Takahiro




