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Altitude; 400km
Micro gravity of ~ 10-G
Atmospheric Condition; ~10-°Pa
Radiation Belt Particle; dominated by electron (with several tens keV)

and proton (with a few MeV)
Galactic Cosmic Ray; proton, He, C, O, Fe etc.

with wide energy range from 10-10"MeV
Solar Flare Particle; proton with a few — a few hundreds MeV
Solar Radiation; X-ray, UV
Meteoroid; particles with a=0.1mm, colliding with v=20km/s
Space Debris; mostly <1cm, colliding with v=10km/s
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Experiment Samples

Sample ID Samples

(A-1)
(A-2)
(B-1)
(C-1)
(C-2)
(C-3)
(C-4)

(D-1)
(D-2)
(D-3)
(E-1)
(E-2)
(F-1)

(G-1)
(G-2)
(H-1)
(H-2)
(J-1)
(J-2)
(J-3)
(L-1)

Filmy Quenched Carbonaceous Composite

(produced at U Tokyo; Sakata et al. 1983)

Deuterated Filmy Quenched Carbonaceous Composite

(produced at U Tokyo)

Dark Quenched Carbonaceous Composite

(produced at U Tokyo; Sakata et al. 1983)

Nitrogen-Containing Carbonaceous Compounds-1

(produced from Coronene C24H12 at U Tokyo)

Nitrogen-Containing Carbonaceous Compounds-2

(produced from Anthracene C14H10 at U Tokyo)

Nitrogen-Containing Carbonaceous Compounds-3

(produced from Chrysene C18H12 at U Tokyo)

Nitrogen-Containing Carbonaceous Compounds-4

(produced from C60 at U Tokyo)

Organic Globule (produced at Hokkaido University)

Organics on graphite by FT reaction (produced at Hokkaido University)
Organics on silicate by FT reaction (produced at Hokkaido University)
Onion-like Carbon (Hokkaido University)

Giant Fullerene (produced at Hokkaido University)

Hydrogenated Amorphous Carbon

(produced at University of Electro-Communications Tokyo)
Hydrogen-Containing Diamond-like Carbon-1 (Interface Inc.)
Hydrogen-Containing Diamond-like Carbon-2 (a-C:H) (NIPPON ITF, INC.)
Diamond-like Carbon-1 (ta-CX) (Interface Inc.)

Diamond-like Carbon-2 (GLC) (Interface Inc.)

Graphite (natural stone; Mexico)

Graphite (synthetic compound)

Graphite (pyrolytic graphite C/A; Tomoe Engineering Co., Ltd.)
Anthracite (natural stone; USA)

(M-1) Mesophase Carbon-1 (sintered body)
(M-2) Mesophase Carbon-2 (Asahi Coke Ltd.)

(P-1)
(P-2)
(P-3)

Polyethylene-1 (Aldrich Chem.; mp 130-145°C)
Polyethylene-2 (Sumitomo Seika; LE-1080)
Polyethylene-3 (University of Tokyo)

(Q-1) Polystyrene-1 (white)
(Q-2) Polystyrene-2 (clear)

(G) H-DLC

(B) Filmy QCC

(P) Polyethylene

(Q) Polystyrene

(R-1) Coronene (C,,H,,)

(R-2) Anthracene (C;,H,,)

(R-3) Chrysene (C;gH,5)

(R-4) Fullerene (Cg,)

(R-5) Glycolaldehyde dimer

(S-1) Amorphous Alumina (Hokkaido University)

(T-1) Calcium Aluminate Hydrate (Hokkaido University)

(T-2) Calcium Silicate Hydrate (Hokkaido University)

(U-1) Olivine (Mg,Fe,_ SiO,; x=1.8) (natural stone; Pakistan)
(U-2) Olivine (Mg,Fe,_SiO,; x=1.0) (natural stone; Miyake, Japan)
(V-1) Pyroxene (Mg, Fe,_(SiO,),; x=1.0) (natural stone; Tanzania)
(V-2) Pyroxene (Mg, Fe,_(SiO,),; x=1.8) (natural stone)

(V-3) Peridotite (natural stone; Ibaraki)

(W-1) Amorphous Silicate (KANTO CHEMICAL Co., INC)

(W-2) Hydrogen-bearing SiO, (SiO,:H) (Chihara et al.)

(X-1) Silicon substrate

(Y-1) SiO, substrate



(A-1), (B-1) Quenched Carbonaceous Composite (QCC)

Quenched Carbonaceous Composite; QCC (Sakata et al. 1983)
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UV absorption spectra of Filmy QCC
heated up to 500°C and Dark QCC.
Conjugated double bond (-C=C-C=C-) in
QCCs may contribute to 220nm
absorption in the UV extinction curve
(Sakata et al. 1983; Sakata et al. 1994)
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(C-1)--(C-4) N-Containing Carbonaceous Compounds (NCCC)

Infrared properties of NCCC; similarity with observed UIR bands

N-Containing Carbonaceous Solids produced  N-Containing Carbonaceous Solids produced

from C60 by irradiating nitrogen plasma from Coronene by irradiating nitrogen plasma
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N-Containing Carbonaceous Compounds (NCCC)

N-Containing Carbonaceous Solids produced from PAHs by irradiating nitrogen plasma

Irradiation of Nitrogen Plasma to Coronene Sample 0.45 — T T T T T T T
sample R ——
0.4 .
plasma reactionroom sample V —
0.35 Coronene ——
N 0
— ‘ o 03f
Quartz glass tube to evacuator 8
Nitrogen plasma Sample V 8 0.25r
/ —
Coronene sample on Si substrate (Sample R) 8 02
o]
A picture of the plasma reaction room just after © 0.15
the Nitrogen plasma irradiation to Coronene sample 0.1k
0.05F
1

O 4 5 6 7 8 9 10 1

wavelength (micron)

1 12 13 14
Infrared absorption spectrum of NCCC
(coronene, N2 4torr, reaction time: 40sec)

C-H solo: 0

Coronene (C24H12) OO C-H duo: 6

“O C-H trio: 0

O‘ C-H quartet: 0

Sample R; collected on the Si substrate in the reaction room (N/C mol. ratio ~ 4.4%)
Sample V; collected on the Si substrate behind the nozzle (N/C mol. Ratio ~ 0.6%)




N-Containing Carbonaceous Compounds (NCCC)

X-ray Photoelectron Spectroscopy of Samples R and V

Cls energy range

sample R ——

0.4 1
sample v Sample R Sample V
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sp>C :285.8eV -0 %0
Binding Energy (eV) Binding Energy (eV)

N-sp? C: 285.8 eV

N-sp3 C: 287.5 eV Intensity fraction Sample R Sample V

(Wei et al. 2009) sp*C : 48% 63%
sp3C + N-sp?C : 21% 12%
N-sp3C ; 31% 25%

Sample V; mostly dominated by Coronene once evaporated and collected on Si substrate
cf. N/C mol. ratio ~ 0.6% (sample V)
~ 4.4% (sample R)



N-Containing Carbonaceous Compounds (NCCC)

X-ray Photoelectron Spectroscopy of Samples R and V

N1s energy range
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36%  14%
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Sample R ; characterized by the inclusion of nitrogen

) “pyrrolic” N atom in the form of either “pyridinic” or “graphitic”

@ “graphitic” N atom

@ catom
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