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specific_chemical bond breaking on polymers by gas cluster ion beam and its
application to surface analysis
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In this study, it is demonstrated that the dissociation pattern and the
threshold of bond dissociation is determined depending on molecular structure (type of functional
group) and irradiation condition of cluster ion (Eatom, cluster size etc) from the experimental
results of multiple polymer samples.

In addition, we made possible to acquire a large amount of spectral data in a short time, so that
the statistical error of analysis could be reduced. As a result, it is suggested that information of
chemical structure of molecules is included in the Eatom dependency data of the SIMS spectrum. In

the future, we will establish the basic idea of complicated spectrum analysis method by the
multivariate analysis based on the secondary ion spectrum obtained from samples with different
chemical structure.



GCIB
A~ HFE b OXURIR T2 B LT E R 7

keV~%+ keV

(Eatom) eV

[1]

Eatom

Eatom 1—25 eV
GCIB-SIMS [2]

[3-5] Eatom
GCiIB

Eatom

GCIB

Eatom
c-C
c-C
[6-8]
GCIB  Eatom

SIMS

SIMS

Eatom

Eatom

GCIB

[1] S. Ninomiya, et a, Appl. Surf. Sci. 255,
1588 (2008).

[2] K. Moritani, M. Hashinokuchi, J.
Nakagawa, T. Kashiwagi, N. Toyoda, and K.
Mochiji, Appl. Surf. Sci., 255, 948-950,
(2008).

[3] K. Moritani, S. Houzumi, K. Takeshima, N.
Toyoda, K. Mochiji, J. Phys. Chem. C, 112,
11357-11362 (2008).

[4] K. Mochiji, M. Hashinokuchi, K. Moritani,
and N. Toyoda, Rapid Commun. Mass
Spectrom., 23, 648-652, (2009).

)

(2009).
[6] K. Moritani, G- Mukai, M. Hashinokuchi,
K. Mochiji, Appl. Phys. Express 2, 046001-3,
(2009).

[7] K. Moritani, G- Mukai, M. Hashinokuchi,
K. Mochiji, Surf. Interface Anal., 43, 241-244,
(2012)

[8] Fragment distribution of polystyrene by
QMD method using the model hexamer, K.
Hayashi, K. Moritani, N. Inui, K. Mochiji, K.
Endo, J Surf.Anal. 17, 15-27, (2010).

C, 129, 288-293

(Ar)
(Ar gas cluster ion
beam; Ar-GCIB)

SIMS
Eatom GCIB
SIMS
GCIB-SIMS
(
) GCIB-SIMS
PS
PEG 0.3%
wiw PS PEG
11



1 SIMS
PS 91 105 117
129 131 167 179 181 193
PEG 29 43
45
polydimethylsiloxane PDMS
73 147 207 221
SIMS
9‘1
13
g 45 ' 193
ﬁ oo 17 ‘
L \ \
E “r 43 } ’ 147 ‘
il I ]Ts 129 | 167131 I 36
ool 29 ‘ \ U "3” ‘179\ ‘\ | 201
| ‘ ‘\ | N
0 LMW ”‘ Ml U"‘”“J\"J J‘L\ L
Self-modeling curve resolution SMCR
28 SMCR 2 PS SIMS
91 105
115 117 129 131 167 179 181 193
207 221 PS SIMS
91
SMCR 2
PS
2(b) SMCR 3 PEG SIMS
27 29 31
41 43 45 PEG SIMS
45
SMCR
3 PEG
2(c) SMCR 1 PDMS

73 147 207 221

73,147
23(Na)
39(K*)
SMCR 1
SIMS
PS PEG 3

(8 SMCR 2 PS

2.0~ @ SMCREE2R 7
o 9 117 ®PS SINSX~Y b
129 193
. ‘ 115 181
5 6 s |13 179
L 167 207
= ¥ 43| \ \ o ‘ | 221
s
g o dl | N N PR L
~ |
" 2.0—
#
. |
z
1.0— Arz Ars Ars Ar:
]
T || | \ | \
0 PR ,x,¢,,,l| N ok J“d\\g hee s anin i dohent
0 50 100 150 200 250
(b) SMCR 3 PEG
i 4 ® SNCREE3 R4
ha il ®PEG SINSRAY FIL
1.0
0.9 2931 4
o of
& o4 27 ‘
5 o2 | |
2 1 I L
£ oo \ |
’%: 1.2+
K oo 62 ‘
o
= o l ‘.
0.6 h H "r\‘ Arr
0.4~ L ‘
0.9} 1 Il B
i e LL«,‘-J‘WJ‘*R,M_MW‘ e Nle ol R
0 20 40 60 80 100
HEBHL
() SMCR 1
1
73
1.0— ‘
—_ 0.8
8
5
S o6
3
% 147 291
r® 0 |
] . 207
39
0g B ‘ 181 ‘
| 167 |
|
0.04 I. |I||\|. al bl |\| |
0 50 100 150 200 250
HEEHL
2SMCR SIMS
(PVP)
PVP N- -2

CsHoNO(m/z=111)
PVP Poly(4-vinyl

pyridine) ALDRICH ,
40000 PVP
0.3% (wiw)
10x 10 mm Si
( 4000 rpm 120
s)
90 2
(E&M)

(S)(100) (n-type, 4 inch,

500 p m, 50 Q cm)

S



5.0kV
890 Ar

SIMS

1
3 CHN* (mVz=28),
C3H5+ (m/Z:4l), C3H6N+ (m/Z:56), C4H5O+
(M/2=69), CsHeN+ (M/z=80), C;HNO* (m/z=86),
CeHNO*  (M/z=98), CeHNO™  (miz=112),
C7H10NO+ (m/Z:124), C8H12NO+ (m/Z:138),
C9H12NO+ (m/Z:150) y C11H1502N2+ (m/Z:207)

PVP

1I

30x10°
25

20

Intensity (arb.units)
T

0 50 w asés(a m2) 200 250 300
3 PVP 5kV  Arseo*
SIMS
Egom 1.67 10(eV) 74
PVP SIMS

m/z=28,30,41,42,44,55,56,69,70,80,86,98,112,12
4,138,150,207 17

PCA
4 PC2 PC1
@) PC2 PC1
(b)
PCA
PCA
PC1 PC17 17
PC1~PC3 7.92 691 0.85
PC1 PC2 47%
41% PC1 PC2
4(a) PC1
Eatom PC2
Eaom 167 4.27(V)
439 10(eV)

4(b)

PC2
@)
gL )
l.l' ©
ng W2y oo
s =W "
I_gT" o oo
N T T T
2 2 4 6
°% & .
2
- . °
°
8o ° o0 o Eatom=10 7.58(eV)
m e Eatom=7.25 4.39(eV)
[m} o4 ° O Eatom=427 3.40(eV)
° o m Eatom=333 167(eV)
PC1(47%)
(b)
° 2 .
0.3+
/2=28
“ 02— - 3 :/;30
O m/z=41
= 0.1 m m/z=42
= v A m/z=44
;! A m/z=55
~ T T T T T T o v m/z=56
S Tos 02  -01 01 02 034 | v m/z=69
0.1 < m/z=70
o v < m/z=80
>o > 02 > m/z=86
- » m/z=98
® m/z=112
-0.3 @ m/z=124
© m/z=138
el e = m/z=150
PC1(47%) x m/z=207
4 PVP , (@)
., (b)
5 4(eV)
Eaom
Ar
1
3 4(eV) 2
5 Eaom=4(eV)
4eV
PC1



o.a hd
o 0f ®
° e .23 .
= e o, ° .
s34 -
\&/ .. T T T T
o' -2 (] 2 4 6
O % P 4 °
a ° .
2 ]
° . o R °
'] o 0
«® ; ¢
L] o o ® Eatom=1.67 3.97(eV)
PC (47%)

5 Exom=4(eV)

Eaom=1.67 3.33(eV)
5
(Mz=28,30,44) 6
(m/z=80)
Eaom=3.40 4.27(eV)

(m/z=86)

(M/z=98,124,138,150,207)
Eaxom=4.39  7.25(eV)

5
(M/z=41,69,70) Eatom=7.58
10(eV) 5
(M/z=42,55,56)
Exom=3.40(eV) Evtom

PVP
Exom=167 333 eV

Eaom=1.67 3.33 eV

Ar

Ar Eaom

SIMS

0

12
Kousuke Moritani, Norio Inui, Kozo
Mochaoyji,
Application of several kinds of large cluster
ion beams to TOF-SIMS
REM9 2016.10.26~10.28

Kousuke Moritani, Norio Inui, Kozo
Mochaoyji,
Mass spectrometric analysis of the
dissociative scattering of argon cluster ions
from solid surfaces
SISS-18 2016.7.21~7.22,

(SIMS)
2016.7.12,

Kousuke Moritani, Shogo Nagata,
Yutaro Higashihara, Norio Inui, Kozo
Mochoji,

Comparative study of secondary ion
emission from organic thin film bombarded
with water methanol and methane cluster
ions

SIMS XX 2015.8.13~8.18,

Shogo Nagata, Kousuke Moritani,
Yutaro Higashihara, Norio Inui, Kozo
Mochoyji,

Sputtered ion emission and
hydrogen-exchange reactions under
hydrogen-bonded cluster ions
SIMS XX 2015.8.13~8.18,

Shogo Nagata, Kousuke Moritani,
Yutaro Higashihara, Norio Inui, Kozo
Mochoji,

Energy dependent proton attachment to
amino acid via large water and methanol
cluster ions

SI1SS-17 (2015.6.25~6.26,

)
Kousuke Moritani, Shogo Nagata,
Yutaro Higashihara, Norio Inui, Kozo

Mochoji,

Energy dependent proton attachment to
amino acid via large water, methanol and
methane cluster ions

SISS-17 Satellite seminar 2015.6.29,

Yutaro Higashihara, Shogo Nagata,



Kousuke Moritani, Norio Inui, Kozo
Mochaoyji,

Hydrogen-exchange reactions between
amino acid and water or methanol cluster
ions

31st Symposium on Chemical Kinetics and
Dynamics 2015.6.3~6.5,

Shogo Nagata, Kousuke Moritani,
Yutaro Higashihara, Norio Inui, Kozo
Mochaoyji,

Secondary ion emission from amino acid
thin film bombarded by water and
methanol cluster ions

31st Symposium on Chemical Kinetics and
Dynamics 2015.6.3~6.5,

SIMS XPS

55

2014.11.18~11.20, I-site

Kousuke Moritani, Issei lhara, Norio
Inui, Kozo Mochiji,
Sputtering and ionization of biomolecules
induced by molecular cluster and noble gas
cluster ion beam
20t International Mass Spectrometry
Conference 2014.8.24~8.29,

Kousuke Moritani, Issei lhara, Norio
Inui, Kozo Mochiji,
Measurements of secondary ions emitted
from amino acid thin film with noble and
molecular cluster ion
SISS-16  2014.6.19~6.20,

o

&)

®

*

Kousuke Moritani

20391279



