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Formation experiments of organic molecules by catalytic reactions
in low-temperature and low-pressure environments

Yuki Kimura', Rikako Sato!, Akira Tsuchiyama®®, Yusuke Tamenori’, Tetsuya Hama',
Hiroshi Hidaka', Naoki Watanabe', Akira Kouchi' and Hiroko Nagahara®

The diversity of organic molecules in our Solar System at present is a result of its chemical evolution in each stage
from an interstellar molecular cloud to a solar nebula, asteroids, and planets. In this study, we investigated the
formation efficiency of complex molecules from the abundant hydrogen and carbon monoxide molecules that are a part
of the physical evolution of molecular clouds into the beginning of solar nebulae. We conducted a catalytic reaction
experiment using realistic substrates, such as amorphous magnesium silicate and iron, at low temperatures (50-750 K)
and low pressures (10'-10° Pa) in consideration of the actual environment. We found that the reaction efficiency
depended on temperature and reached its highest point at 750 K, as expected. However, it was also found that the
molecular evolution by catalytic reaction proceeded even at low temperatures in the range of 50-200 K.
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1. [FUSHIC

Kbp0REIL, BEMOFE, BaKERREE, K
&, RELELL, ZNENOERTEHMR AR
W L72EEZONL. FTEICBITLEEETF UGG
(LSS & 2 B TR ERIIIFEA T b Tn
5. BEARNRETSH H/NERNE 2 88 L 72 H A&
FEERH TN, SSHIBARFOEERY OIS
fTbnTwb, LaL, BMGTEENEEY DR CH
IaRP R EE 2 e L 7GR BT 28133 &
AETTONTELT, RRLLTHOFTETHSL. £2
THEAIL, FARKGREETRI D 9 ARSI L 5
B TFARUCER L7

SrFER, KR (~10K), BEE (10-10° cm ™) O
EC, SAHPOETFRATOHEIINE L, ZNHPR
A THWICEZET 2 EIIHO T/hSw, 2ofb
D, BT, STREKRO S A N RICH )&, FRKIELEL
DRI EH T ETRIS L, /NS 22451 (He, HeO,
COz, NHs, H:CO, CH30H 7 &) »S4EK$ % (Watanabe
and Kouchi, 2008; Hama and Watanabe, 2013). Z 415
DT 5 72 LIRSS P SN 2 LT, 73/
% (Mufoz Caro et al., 2002; Bernstein et al,, 2002), ## (de
Marcellus et al, 2015; Meinert et al, 2016), 7%k i 5
(Obaetal, 2019) % EDFFEORE LGFHER SN
5.

EIA R AR E T CTHfbasiEd &, ZOIREEIL 100~
500K LIz 2, #ED 5T EICHAT 10 HifRE
DREBRBEICR DL, ZNTL, T TEORE LAERD
T, HEEELBEE LR OTEMHTORIGTE DK
E RTINS DRI TRV, 07z, 2
CTHHTELMARICY A PR TOROHEFEZIZR D
LEZOND, HTRELERELRDOL BENFEN-OIZ,
IRR—FRALIRFE % EDOKIFAHE LT, SIET A RIEX
e EOWBRILEWOER L THEDTICHL, D LH
R O & A bR TR RS S 5 72
O, HEHEALT A F =55 S TS OHE F R
WZBWTH, T FERUGES TR D 5.

AILEM DB L 2 B IRAUKFE D FOLEREEE L
TR LCHMOENTVEDIE T4 vy y— - bE TP
(Fischer-Tropsch) T ofiifi St (FT Kt) TH 5 (5
D). ZORISTIE, KFEE—BILRFED»SKE RILKSE
GFPRET S KM E G FiEn=1DRx T ¥
(CHs) THA. UL IION, BAITKE RGT
ERELTWCEEZOND. EIPEVENIEEV R
FHASTFANEHREL, RWIETIE, X7 yaEREn

TV EPHE SN T D (van Dijk, 2001).
(2n+1)H2+ nCO—>CnHan+2+nH20 (1)

C D FUBNIKMEH A 7 b (water gas shift) MUt (3
2) LWIAINBERIEAH B Z EDBHSENT VDS,

CO+H:0+—CO2+H> 2)

FT UG EKMEAT A2 7 b RUSOREL, SR, mE, T
N EOFMETRESL. T2, MEHE L IBBETH 5.
KW AL 7+ RISOFEAEL, RR2E &AM, &
M7z e E <. FT RONE, BB EZERT 5720
RIS FH SN TB Y, HFOBED 2% 2> T
Wh. ZOR, KT AT T N USORIHEIE N E NS
FHT it LTcanNxLVEERHwsnTWwAS
(Anderson, 1984; Chaumette et al, 1995). T3ERYIZIE,
WE L REE AR AT 72012, @il (500-700K), %
J£ (10°-10° Pa ; 109-10% cm™3) T, He/CO=2 ORI
DOFMEDPHESNTEY (van der Laan and Beenacker,
1999), iR, MUESMEIZ BV TERI 2 USRI % 1~
HIFFRIEHEA TV,

C OfiE S AR I HEACIE R, ROV Y TIVTHE
FTodHbHFT KInlicBWTDd, 6 21E, competition
model, carbide model, slow activation model 7 & 7%%f%
ZENTHY (Smit and Weckhuysen, 2008), FiBFEIX
STy (Navarroetal, 2016). /3L b 1T
DOFT FIGD AN = AL E LT, T30 MERBER RO
2T v TTORAKEHEDOES (Geerlings et al., 1990;
Beitel et al,, 1997; Oosterbeek, 2007), CHz €/ ~v—&
L 72 ALK SR EEA OIS (Schulz, 1935; Flory, 1936;
Friedel and Anderson, 1950), #&fEROT 7 A L TD
TIFE NV (CiHon1—) OFEFRE (Anderson et al, 1952;
Schulz, 2003) 7 EDRE SN TV LS, IENRETIV
DRESEIZIEE o T, FREDP P o T ianizo
(2, TEEMIZATDN T SIS 70 £ 2 DRR L&
Ui S DG R %2 TR K REEZN T oA 71
L REREST S Z LT TE R,

G K REENTO 7Ot 22 ik L CTithbh /-8
FOFERTIE, BEREMAIRIIBWT, 25y, 1Y
¥ (CHe), Ry (CHs), v r (CHs), 7 b
¥ (C:HsO), AF VT 3> (CHsNHz), 7 F=F1L
(CH3CN) 7 EOAE A HE ST\ 5 (Hill and Nuth,
2003). L2»L, ZOEATHIZRETIE, EiaRmRREEND
BREZHART, miRmEogLs (~150E, 600-800 K)
THEBRZITV, BI2IE, 15T 1 EEOFEERDEIGE K
FEED 200 FEITHIET A EHHEL T 5 (Nuth et al,
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1ARTFFE T S BT 72, B R -REE

S CRMPUSERRD T REZRFEE. FUSEE (A

o) LT (A RREM) 2 5s. A ORI S D DA T — ) TARER
SVt ERT. B 1 A OO SR L 2GR, HRIZE SN O USH T, Lrb

HHRESI ) 6T 2,

2010). ZZ T4 E, FEKGREEZEORE L EHL
T, BEMZR GRE 50-750 K, £/ 101-10% Pa) Tl
FOBRh 2 FD 2 & DT E BEEEF721230H BT,
o, FIEREREZENITHFEST 25 A P& E L2 K
ISEAR RSB A BRIR, 8 =y, #h=v7réE
&) FHWTEREZIT, MBENRIEEZ AL Z & T
STENTHRIBEENTWE Y Y VARG T &, AT
RO TVuLEMERST L DX v v 7HEIGEKERE
ENTEDOREE 200 %TARD -0 EBRT IHD
2. 22T, ZoMfERETILD .

2. RERxE

IR R R EMINCAFTE L T2y A ML, KFEL
—BRALIKRFE DT AN, X (1) (TR BUG & I A
T 2T A L CotgEl s R 32T, A
WaTaitiaL-eFEx2oNns, 22C, BELENEY
INTA=F =L LT, EORBRTANY, EOREFT
POSZeted 2 D%, EEMIZHLMITAHZE%H
& L CEBEOMRRE E L, #7212 s BiF7z (K1),

REETE N, FUBER & MHE O =D O TR S L5
BOGEBTIE, TBEHIE L 72 ZeA b TRl SIS % — 8 DIE
T THRGEICHES S s, FEBGREEE, BFURHID A1
EAINEABERE % fif 2 725 ofiA%  (DE-102B-600 UHV-type,
Advanced Research Systems) % T 50-750 K @ i
FACHIEICTE 5., ZOEPBREEZS ) 32544 — Fii
B o — L BGERTHIE Lz E2, FAEE, KE
(99.99999% ), HE7KF (99.999% ), —EE b (99.95%)
DHATA VEFENEFNIIIA IO =Y PO —F —
(model 5100; 5100SR, Kofloc) % BV 5 TH R jii s
HIE L 72, EBRhOLEIR T AR IR L 2 Wil E A ]
HE R BRIEEL 225 (ceramic capacitance gauge, CMR 365,

2 G A O JEI IR 2 LD AV 7R T AR (A)
LI (B) ofIZIdIm#wEs (C) »Miib-Twa., THIC
o b o NEMREE =585 (M-400QA-MG, Canon
ANELVA Co.) D~ R Th % (D). MRS EREIZ,
W OG- TE2AENES S, 2T, Ehoitsns
ST EBIETE .

Pfeiffer Vacuum GmbH; ceramic capacitance manome-
ter, CCMT-10D, ULVAC Inc; Compact FullRange™
Gauge, PKR 251, Pfeiffer) #H\w7z. 22T, HHED
RE SRR ZZEH R D 2 D% B 72012, F2EEH L
HEx 7L Xy 7V F 2752 L CHERTLE LD
(2, EZEEE L IBIOZERIEE L. w0 e
MR T 7222 19, BARETICE, E
400 T TO5T B & % W78 1T RE 2 DU E AR Y B AT
7t (Q-MS; M-400QA-MG, CANON ANELVA Co.) %A
BL, EWREICAERLZST %, POCEREICAREEE
LI ETHERRA. S5, BREITHEET S
GFIE, BEF 2 2N— 04D T =) ZARAR VS
ot E EF (FTIR) % A v T (Spectrum 400,
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PerkinElmer Co., Ltd.; Mercury Cadmium Telluride #
%7 P2748-40, Hamamatsu Co.) SCFWRIGRIMEA <27 b
)V % 650-6000 cm ! DY EHH TEORBEET H L
CTHE % A7z

ML, ¥ —R5T Ry 7 (3201 s~ TMP-303M,
Shimadzu Co.) &+ ANV 7 1) —DA 7T —)VKY T (252
L min~}; nXDS15i, Edwards) TH 2 EZEHE & fielT 72,
BEOEEIZZ )V AF VA F 27— (M-336MX
Canon ANELVA Co.) Tilsg L7z, 928k, BUGEE &M
WEEA Y 74 A (HEZ 0. lmm, £ 1mm) 281 T
BhRoTBY, BEH200 FTHMETEZ S QMS (M-
201QA-TDM, Canon ANELVA Co.) %41 74 ADIE
HIZACE S 2 2 & T, UG TERMR L 750N+ %
T YR E L7z,

FEEREN SUSE E M &2 D 7% &7 — bV 7 2 B
PR THEZER T AL, TN 2x1070Pa & 1x
10°%Pa i b, BHUREZFRE LIS, 77— PNb
7% MO TKE CUIEKE) & —BILRET A ZIS
& OBEROAEL 10-10° Pa F THEAIHEMML, Zh
WP TR O 2ED 10 PaflEF T LA T 5. Hxl
M7 BRI, CO D2 (He) =1:2, &HFE~700Pa, %

MR EE 50-750 K T, BUGHEH X 24h Td 5.

KF L —BALRFEFT A% LT FT BUG & AKRMEH A+
7 FRUGD oA Z A RIS 2SR S s Q-MS
STFNVEMIET D TRE, VST VIREY R IR
ML WEELRGTFEDIZTEAETRTIINY 7 7S5
Y ROKRERNZ L DY 7TV RET L L 5h
5. ARIREFEERIC BT 2 5 F OAERIRIZE N LA
TFHEND 2O, KFBICHEZTERZEH2FERD
o7, ZOBICHIfFSND QMS ¥ 7 F v Extisd
L1, P VEREAR2IIRT. Hfm 18 LT
DY T FNEINY 7 75 v FOKEG: EORETHEHE
FRBDITEHE LS, XY v EKRDER A PENT B 72
DI b EE 5T 20 DM ES R 5.

3. SREREMR

R, BBT -5 215572004, HEREIZE O
BMEO—2THY), FHICEEIIHFEL W ALIERY
RTRTT LT ABE, AU FEHICESICHEEL W
THBESOGRIZE S B e PRI L8, ShEeBFLTE
D, #kE BRI U R SRV E PRI = T

F1:FT ST H:0 & CHs BER T ABD Qmass ¥ 7 F WIZxFIRd 5 4 FFl

& 7OV R EE

S WIS RERGT 7T v Ry I8 = ZOMOER

D2 T F OV R

18 H:20 100 Background H20
17 HO 21 HO of background Hz0
16 CHa 100 O of background Oz

O of flowing CO gas
15 CHs 86
14 CH:2 17 N of background N2
13 CH 9
12 C 3 C of flowing CO gas

PR 17 £ 15712 03 P OVIEEEE, ZREN18 £ 16 DY 7 IVEREEE 100

& L7z ORI,

FR2:FT ST D0 & CDs 23R L 72B5 D Qmass ¥ 7 F WA IG5 5 F-Hl

& 7OV R EE

i RGBT AEMGT 2Ty XNy = ZOMOBA

D 7 F VAL B
20 D20 100 Forming CD4
18 DO 21 Background H20
20 CDs 100 Forming D20
18 CDs 86 DO of forming D20
Background H20
16 CD:2 17 O of background Oz
14 CD 9 N of background N2
12 C 3 C of flowing CO gas

*DO DY 7 IVIgEE, D0 DY 7 IVigES 100 & L 7zEEOFAxHE. T 4 %)
D= 18-12 DY 7 F VR, CDaD Y 7 FIVEREE R 100 & L 72 B0 FH il
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3 ZWAME LTHWZZERMONFEE, A IRIEFPHBE LTy FVRZEFEL, 20 Li2&%

Ay x L7z, FEBRICMT 2HOEEM. B, D &EHOTEBBOLGHE. C, E: ZNTNB, DIIHIET 5
W TG ZHOMMATHR SN TS, D, E: ZhZh B, CoKRG. RERTIIM> 2B OMICZHD
B (RAE) 23d 2 X IZRR B, JRETIE, IO L) ICREMPHML TV b 2 EARTRMNLS. F:
FEERERIZILY M L 72 R0 FFE, Hatnsiin, AfElEL T 2Ly rs.

VA, $k=v X VEE&2HH (v r VvEAE 1%
£ 10%) & H 7z, FEAR A S ) SEBREEE ICHLY ) 72
BRIZIE, BEZEPERBRICKE T A & 42H~1000 Pa TH
I 7a =L a5 ~800K T5 i, FEiiommHAsk
WERTOLBIMEH L. 2N hoEROFFEME LT
(=

3.1. EEHR

SHEICAVIEDT57200EZE 3. 2mm O+ Y H
DOEER & 4 DH#Efl L 721E7E 25 mm, JEA 2 mm O R
FZ=y rvEREELE LTERL, 20 LIC~1um
BEOSEA v ¥ % Hi L7224 (KodamaInc) 21 7 7 L
YAMICHESE L7 (I 3A). T ORI % e B R
Bl L7207, [MM2SuREn S A s T MBI B\ TR
OBmAR SN (K 3BE). Ziud, FERERE2 S HA
GEHRTRO LN L REE LD b IL VIR EERI S
N5 EEERT S, ERMETHMFEBEOMRE,
100-%2 100 nm 1 AT DOEAER D o7,

3.2. IBEVIXYY LERIEER

SHRD A v FHP~1um BE L HNGE, HHEO
ST NVEEEELZ Dol FDD, &D
JEAE~10um IZHEM ST, G8r B 5w b
AR L7 E HE L. 2012, MgSiOs D%
ik (40 ALOs % &) 25—y MIAWTEE

W7 T A<FETEMR30nm OIFFEE~Y TR L7 A
Bt 2 e L 72 (K 4A). EREE T HMEBIE O
BORERIOE A v FEmMIA SN0 EFABEOY A X
DOMHFFAEL, B L2 B~ 7 A 2 7 AEEERIE A
WEMIEETOEN 7+ 0T —% L Tz,

3.3. HBKRUZvTILER

G L WA B ] 2 dE AR L 72 25 mm O
77 ATHEW (M4B) o b2, #EEEEA Sy 7))~
7T 60-70 nm 757 L7284 (4C) &, S5 480h
WL 728 (M4D) o 2 EHOSEM % HE L7z, |
T, BERICRRBICEL TV 20860, $hIEME
fLLTwieEzons.

PRAL D ZRTE D ZE5U S5 & #E R LI RE ST 3
5. fESOS I FERORE TR Z 2720, (EiEER % H
WAL EHREFE LV, 22T, LR <D
o 7ARFE THASE & 72 8RF0 (2.0 x 100 X 100 mm, #f
J£99.99%, =7 a8) %, ZOF FOIREET 4 DIZYJHr
LT, 2.0x47x47mm OMUZ L, HHFEIZHD [T 2
72012, o3mm OB LRE 420HiF7 (M4D). FEE
Fplzik, @S AP CTCTE ey ) — )VTHREL
BRI, ZOF FZ2RAAIM S Z & 74 S ABEICHU) 1772,

3.4. B v ITILEEER
GERE AR HEBEIC A VIO T 5720 DB 3.2
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4 FEERICH W ERONGFEEE, A &R MgSiOs Bikifh (R LT ALOs &) 29— v b &
LCEEE ANy 5 ZETIEEE~ 7 A 2 27 A B % ~300 nm 7855 L 728K (Au/Cu-25 (OU05)). B:
77 ATEWR. C:BOY 774 THENREICHE 60nm A8y ¥ 255 Lo Gafeor — & — (2B
1 5 720 OIEFRFEINFOE BN SUS AV TR AT SN TWA, D 3@ M1 A RTOMP IS ST
WL, E:#k= v r VA4 FERBICHD M L8R KoM & 2 Y OBEICE OGRS S
N5, G #HEMOEEICT NI F AT EMHLET. H: 7TVIF ATV HWTEE L=y 7 VKR

mm DAY HOE R % 4 DMfE L 72 1EE 25 mm, 5 K TITo7-EBRTIAE L2 QMS DAY MVLEM S
H2mm OE= v F VEEROENE, = v rVERE W RS, ~250 5T CO # A% 0.06 cm® min ! & A L 7>
1% & 10% @ 2 A= L 72 (¥ 4E: 99.99%; Rare %Iz, ~27100 W TH: % ~2.0cm® min™' B A L7z #
Metalic Co. Ltd.). ne ﬂ@ﬂﬁ* BT QMS O ¥ 7 ViR g o nhs

Rohs OGS Emitiioarix, £hEh 510!
Pa & 5x107*Pa T THRAICHML7:. H: 2B AT 5 &

= 5
4 RRERCER T2, BALKE O % RS 5 E R 27, 28, 29 12

1. KF (H) HAZEBAWEREERER SHE B R S n7z. Bl E, EEE 20 o
4.1.1 2B T FIIEREIZLT~1X107"0TH Y, /Mindr0T1E
V77 Ly Ak b eE BRI T, KR (100-300 LCCHO 2 26N5A., ZHRIEARVLTLVFTL R

K), &£ (&HE~10'Pa) THEEZ D72, FEHIEE 100 (CH20) 2% 7 —)u (CHsOH) 7 & OBLo01 0 fi A

—2 18 —28 —3 —44 —12 —14 @
~—— —15 —16 —17 —27 —20 31

s
m
b
2

Q-MS signal intensity (arb. unit)
8

1E-12

X5: 4 (&=v7ViEse) SEHwC 100K, 5x10' Pa i ClllE L7z
QMS A7 MV, 250 TCO A% 0.06cm3min ' EA L, 2700 f»C
H:%~2.0cm?min ' EA L7z, ZNENOHEFIZBWTY 7 FIVRED
WA RONL, G o4EFEIEFENER 5%x101Pa & 5%x10°¢
Pa CEWIRFEICR 572, TR LHEIEEE
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intensity (arb. unit) >

100810

e AT W VN | B B T P

Q-MS signal

200 400 500 %00 00 00 000 000 1100

Time (s)

e Sy W o 3

S0 100 150 200 290 200 350 400 450 500 S50 600 650 OO THO 0N

Time [s)

6 M E~ 7 ATy A A BRI O 72EERO Q-MS Ay Mb. A HEBGREE 180 K i

P ~370 8T CO HA%~0.06 cm® min 1A L,

~930 T H: #~2.0cm® min ! 3 A L 7z,

ZNZNOBEEIIBNTY 7 FIVEREOMIMA R SN, FUSHE o &EIZZNE 4% 10!
Pa & 4x1074*Pa ¥ CLEA L7 B: MR 300K ofEF. ~200 # T CO & X %~0.06 cm?
minT'EAL, ~650F THe #~2.0cm® min 1A L7z, ZNENOWEERIZB T Y 7 ViR
OEMARSNA. FUSHEREMHEROEEIZZNEN2x101Pa & 2x1071Pa F TEA L2, &F

DENE, He Ot % TR THIE L T2 2 L 235K T, He oftfaE

ZRAONL. TR LB

B CTH B REMEA . LA L, QMS A7 ML,
FTIR & b MIEEORMETHSFOREIZIEES %
o7z,

EFRBICEIRZ1E9 &, moEsaididn, Hil
WIZEL 2o Tz (IK3F). Z4ud, 800K Thnzhk
EERATo BRI =y rVEEOIFUI L D GE&2 T L
7l ThHEEZONDL, FEE SERORX Y FOE
HE~1um 25 ~10um IZHEME L& 25, 410
BROSNT, ERoY 7 FIVEOHERZEMLB 5
mhrolz.

4.1.2. 3EREV IRV D LAEBIGER
EMZERTROFEEOHWEO—2T, BRI
BEOEFETH HIMEA~ 7 AT 7 LT A BRI % B
HWTHEBRZAT> 72, B 100-300 K, He & CO D
REFHK, 1-10°Pa OFEMAT TERZIT- 72, 2GR
F£ 180K & 300K THEEL7ZEED QMS AX7 ML &
B 6A & BIZZNZIURY. EIGREIZ 22D 5T, He
it LI 5 &3 CICE S 29 OB 2B W 5
7z, ZOHENEIF 180K &£ 300K TZhEi~1x10"10
£~0.5x10710C, KD 180K D F 4% 2 f5K & 7B
ZaR L7z, Lal, EBdhofr bk, £heh
4x10'Pa & 2x10'Pa T, 180K O/ 2R E4MHET
b o7z, FEERUCHIEIE, M BRI Tl A
R GVWEEZOND. EEOEVE, H OliE %
TRRAEA T CHIE L T 5728, He Dim A 8% o 72
MRThrEEZOND., DEoZ Ehs, QMS 7
FIOVEREE DN, B L CORUERUSIZ & 25 F D%k
TR, Ny 2759y FOEDRELRERTH S

WRIZDHIZOTHL L

LERD.

—7, 180K T, Hex it LIAD /2RI, HmH 29 O
BNz abeTEER 16 OREDD o7 (K6A).
Hef 16 oERIFIL, KL Tv5b CO F AN
CfFBEL -BEECTH L. 0F ), HERI6DY 7L
REDOIKTIE, CODFHEMKT2EERT 5. IR
LIS EEH 29 OBHFE LRI, He & CO 2L LT
A L 725 T O R EEA W T A CHO 2SI L 72 & %
26N, ZoOfRIE, FEREXT AT LT AR L
T, 180 K OMRIEBREE T2 B W T H SIS = %
ZEERLTNS

4.1.3. #KER

FHICEEIFEL, 22, BB s
DI A CTEREIT>72. 7747 EITHEEL
7o8k (BRERILWD) FEAR % I\ C, ZEARIEEE 180K, CO ¥
2% 0.06cm®min~!, Ho #~2.0cm® min '3 AL,
HET QMS A2 MuvaifilsE L7z (7A). CO & He
HAGEALZBRIZIE, ZNENOREFICBWTE LD
HEHTY 7 PVREOREMAR sz, —T7, FEME
YT AT LA BRI A V7SR & MR, CHO
SIS B BHE 29 O 7 FOVERE O RN & [
2, BEH16 0 7 FVEEOKTARL N Th
X, Ho& CODPEMR ETHRISLTHRIVAT VTR
(CH20) A% /—)v (CHsOH) 7 &2/ L 72w el
ZRLTWAS, LaL, T2 TORHBEEORMET, Q
MS 72 ClE I NSO TOEREZHERTE Lo 7.

W1 b BBERE I3/ 190K TH 4720, 180K T
FBRAEAT o 72 BRI 2 1T, BARIE T QMS T
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>

i@
- 9

1.008-10

100811 A8
7

1.00€-12

Q-MS signal intensity (arb. unit)

1.006-13

L] 200 400 00 L]
Time (s)

1000 1200 1400

-2
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—1s
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—
»
o
—3%
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n
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“

»
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Q-MS signal intensity (arb. unit)

AF B A

100811
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CZEDD, INLOSTIFER L TWw2ELTY, JE
FHIHMETHDLEEZLND.
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BChot. Fi, BREBEONY 7757 FELT
FIEL TV B KRFEDS, EFHCHIE L T2 KESELS
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Ak VAN
FARFEEHCLHE, A (D IRTFT SR %
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AP SR TBIEE L 7P, BEAC SUS & ¥ oK
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X 10 : —HOERH THRIZAIN L 7250 % koo Tz D oiE (A) &l
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SUS # 3.

a5 s.
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