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In this project, we have performed the comprehensive studies, including generation
, diagnosis, and application, in order to establish the materials science of supercritical fluid plasmas,
especially supercritical cluster fluid plasmas, close to critical point. Diamond molecules and their chemi
cal reactions have been adopted as their standard materials and reactions. The main achievements are liste
d as follows: (A) Generation : Various supercritical plasmas, such as pulsed laser ablated plasma, dielect
ric barrier discharge plasma, and nanosecond pulsed discharge plasma, have been developed. (B) Various dia
?nostic methods, such as optical emission spectroscopy and V-1 method, have been performed. New theoretica
analysis has been also proposed. (C) Applicaion : Artificial synthesis of diamondoids (diamond molecule
) have been synthesized. Experimental and theoretical study of synthesis mechanism (high quenching rate pr
ocess, sequential reaction process) have also been carried out.



21

( DBD:

discharge )

dielectric barrier

C
(GC/NS: gas
chromatography-mass spectrometry )
X
A
B
C



11
Xe
700p m
5000 m
1
Xe

(5.84 MPa,16.8 )
10 kHz 3.95 6.02 kV
DBD Xe
0.0 0.5 ml/min

C-C-C
( 300-800cm™ )
( 1000-1500 cm™ ) CH, sp?
( 2800-3000 cm™ )
sp’
GC/MS (SIM:
selected ion monitoring)
GC/MS
2
11
2
600ppm
CVD
0.1%
344 6
7
394

330

C-H

E— 38 (arb. unit)

3
(@/ ﬂc radical
(1) (3) (6
NS o o F %
0, K gl
(@) m) ®
GC/MS
2
DBD
34 | © m/z=188 2R) (x50)
1§ 0 m/z=330 (5%)
! O m/z=456 (103) (x30)
21
o i o
" l
0 ¥ S . 8.
50 55 5 60 65 7.0 75
© EH(MPa)



Co,
He
)
Ornstein-Zernike &
[24]
F
@
Fo = ((N=(N)J ) J(N) =, /8 (D)
N
<X X K 1
K K F  NIST
&
Ornstein-Zernike -
a(n @
~ exp(-r/&)
Ql(r)—kBTKT—WZIr @

Fy
R <
3
E=RF, @)
R direct-correlation length
Gifford-McMahon
He
T. = 5.20 K P. = 227 kPa
n. = 17.4 mol/L
T/ T.=0.965-1.06
n/ n, = 0.0253-1.59
100 sccm He
60-120 s
Ornstein-Zernike &
At
A & /'n n
As
5.25 K
W A
A 3 V  As
As
s
600 T T T T T 1000

Voltage (V)

0 T T T T T 0.1
0 5 10 15 20 25 30
Density (mol/l)

3 T=5.25K
%
A¢
As

Length (nm)



Fo
¢
SCF SCF
SCF
SCF
&
Townsend
He
L He
10.7 mol/L 11 mol/L
30% /

Widom line

[1] F Oshima, S. Stauss, Y. Inose and K.
Terashima : Synthesis and investigation of
reaction mechanisms of diamondoids produced
using plasmas generated inside microcapillaries
in supercritical xenon, Jon. J. Appl. Phys,,

, 53 (2014) 010214(8pp).
[selected as"SPOTLIGHTS']
[2] D.Z. Pai, S. Stauss, and K. Terashima :
Surface dielectric barrier discharges exhibiting
field emission at high pressure, Plasma Sources
Sci. Technal., , 23 (2014) 025019(16pp).
[selected as"Lab Talk"]
[3] T. Kato, S. Stauss, S. Kato, K. Urabe, M.
Baba, T. Suemoto, K. Terashima : Pulsed laser
ablation plasmas generated in CO2 under
high-pressure conditions up to supercritical fluid,
Appl. Phys. Lett., , 101(2012)224103(4).
[4] F. Oshima, S. Stauss, C. Ishii, D. Z. Pai, and
K. Terashima Plasma microreactor in
supercritical xenon and its application to

diamondoid synthesis, J. Phys. D: Appl. Phys,
, 45(2012) 402003-402010.
[5] S. Nakahara, S. Stauss, T. Kato, T. Sasaki and
K. Terashima : Synthesis of higher diamondoids
by pulsed lase ablation plasma in supercritical
CO, JAppl.Phys, , 109(2011)
123304(9).
[selected as "Research Highlight"]
26

60

[1] K.Terashima, S.Sven, and K.Urabe
Synthesis of novel nanomaterials using
supercritical fluid plasma CVD,
The 21* ICPIG Granada, Spain, July 14-19
(2013) [Invited].
[2]_K.Terashima and S.Stauss,.: Plasma in
supercritical fluid and its application to materias
processimg - density-fluctuation-induced plasma
processing of nanomaterials —
IUMRS-ICEM  Sep.23,2012 (Yokohama,Japan)
[Invited].
[3] K.Terashima and S.Stauss : High-Density-
Medium Plasma - Supercritical Fluid Plasma
and CryoPlasma - its physics and application to
material processing -, GEC 2011(Gaseous
Electronic Conference2011), Nov. 14-16, 2011
(Salt Lake City,USA) [Invited].
[4] K. Terashima, S. Stauss, H. Miyazoe, T.
Shizuno, and K. Saito: Nano-interface plasmas
generated in supercritical fluids and their
application to processing and synthesis of
nanomaterials,
The 3rd Int. Conf. Plasma Nanotechnology &
Sci., March 11, 2010, Nagoya, Japan [Invited].

60

[1]S.Stauss, and K.Terashima.: Diamondoids —
Structure, properties, and current isolation and
synthesis approaches. (Pan Stanford Publishing
PTE Ltd.), to appear in 2015.

[2] S. Stauss, S. Nakahara, T. Kato, T. Sasaki and
K. Terashima Graphene, Carbon nanotubes, and
Nanostructures Chapter 9: Synthesis of Higher
Diamondoids by Pulsed Laser Ablation Plasmas
in Supercritical FluidsCRC PressEdited by Jamed
E. Morrisand Kris Iniewski (2013).

2010



2000 2 14

http://ww_plasma.k.u-tokyo.ac.jp/

@
TERASHIMA Kazuo
30176911
@
A



