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(Abstract)

This review (in Japanese) highlights the results on the Stardust mission organics preliminary examination of
the returned Comet 81P/Wild 2 particles, based on the Science article published in December 15, 2006. The
recent developments of studies on organics in chondritic meteorites and/or interstellar dust particles using
modern instruments are also described for seeking relations of organic characteristics among the three
extraterrestrial samples. In addition, potential chemistry for which cometary and meteoritic organics were
responsible as a source of exogenous delivery to the early Earth is discussed.
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I. FLC®IZ
HERINERED 1L, BEE T ANL 72500 T E ) Inner solar system
Eﬁﬁé%%?fﬁ‘ qu z Lfﬁﬁékg%?fﬁ D LA~ Jupiter orbit | Kuiper belt

CELT BB TERINZWETHY, £O
—HBIEH 46 (BAERTIC KRN THE U/ R ESR
FEA, o —IIKEGRIMRICHY Z /-
B, HDH50II N5 0/NKREE RIS LS
ZAONTVWAIEEMBEOR S L LT, RES
nTwWb (Fig. 1) . AWM EHERT 50HE —
k% (C) , K#F (H) , &% (0) , £#
(N) OFHMFEEOE S [1] 205, MR AR
WIIRE R OEIR & LI EE R E 2 -7
WED—oS>ThbdLEEZLND. MAT, L@
ERERT DAMEHY, BRASSER & ILITFIAER
W REICHG SN HERANFHEY CTH D L 5
T 5RE B %\ (Exogenous delivery) [2, 3] .
IO DEMNG, HERSA Y OS2 A0 %
BHONZTHZENRRODEINTWVS.
HERSN GRS ORF 21X, 1969 4E, Murchison

Quter solar system

Oort cloud

Inner extent of Oort cloud

FRARFEAx O ‘miFohni’ Ox& T Fig. 1. Positional relationship of Kuiper belt and Oort
IZHRE Y, BX%F 40 F£ORIZ, Murchison [EA cloud. Inner solar system (Upper left), Outer solar system
TREFELTHEZLSDRFHE2 L RI94 MZEE and Kuiper belt (Upper right), and Oort cloud (Bottom).
NAEBDOSHNES, KEBEREKYEOWE The original image (Credit: R. Hart, Spitzer, CalTech,
DAL SR 0 5o 5. REEaL R JPL, NASA, http://www.solstation.com/stars/sedna.htm)

is modified.
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W5, ZLTHRIE, FEILBESTSDHL
WA RE 2527217 T d, BOETRYIZ
1T BePEA~ LR LT &1z,

KGZ CIRbBEHLMEEHL S L,
1999 42 A 7 BIZHI B EiF b 7= NASA mEE
EEMAZ —F X3, 2004 £ 1 A 2 HIZ
81P/Wild 2 HEDEAZHIT 5 Z LIk L.
FLTC, BTHLDOEOD A4 7BV 2006 4
1 A 15 BiciEk~E/EL7Z. Z0Ivva
VITHRYIOEREY L SLY B — ko],
D%, BEREIOA 20 BB L% 180 AD
BZEO T, 8 1 FI2hz 50850
FiFTo, HEEBOLTE - MEMREIZONT
FEFHIZEL D ENRPELMNE o=, IS
D—EBRELTHES bITOh, FE LD
BAECEENTZOT, TOAF—FA I v
voa YA ORI O TR B E AT I BT
HRERIZHONWT, REE 3 FT7 A PO
BROEHYOERRERS LEDbERNG,
B O MERN AT DO BLR N 5.

2. WBEOEEKSWIEOESR

Whipple (1950, 1951) [4,5] ® 5N 7=FE)
MTHLND X HIT, BEOFERDIZTOWNWT
DOWFROBEFIZEV. ZOEFTIL, HEEITHE
FEMEDIKE Sy & R OB (B fki) 2NES

EFERLTWELEEZ LN TV, HEEF oK
IIRBEIC LW RIEL, Zhick vt Eanr-
WEH DT AREIZIEHEZDOE VI~ 2T
L. Zoa~ww, alfl - E - RH - KA E
MR O BEEE S TU E— |k
ML e - Wbl e N QA RRVAE (18 ol il et
METH2E VIR NE TOERPFEET
Hot-. HHETIC 20 MEB2 2ERMESF

Ay« TTHINEEDD LR 40 FE) Iy
N TW% (Table1) [6,7].

—J7C, Delsemme (1982) [8] XM+
DOBRPFERICE S TEET O THMRE A
Hhoto., TITCOENRFELIEY (~02) &
WO RAfig7e S &x RE L (CO X 1, CO,iE
0.5, BSDARFTHIIE K C 28 0 %
ERIAIZFTHD) . Delsemme 1L, ZDOKREL
7= C ITERMERSICH DD TIHRL, BEHL
BRI & L CHEET 2 -0IChRE SN2
MoT-D TR N EHER L.

Z D, 1986 4, Vegal, 2 3 KU Giotto 4
I S - TRATRE AV B ratic X » €
1P/Halley 5 1 DEERL 73 23 0] &0 T HEERIZ oM &
niz 9111 . TR0 ENS, EREEX
“ Refractory organics (LA &, ¥ 48 58 A £
W) 7 L ABEOREMTH D Z LAVHBL,
LVDITC H O, NOBRILENEETHoTZZ
B FENIL TCHON kv b4 T bNT-.
Z @ CHON Ki{D3Hi%, BEEMSETLVOHE

Table 1. Chemical abundances of molecules in cometary comae at 1AU
(Relative abundance of H2O = 100) [7]. Reproduced by permission from Baihukan.

Molecule Hyakutake Hale-Bopp Halley Other comets
H20 100 100 100 100

co 6 - 30 20 3-17 1-20
CO2 20 3.5 2-10
CHg4 0.7 0.6

CoH2 0.5 0.1 0.3

C2He 0.4 0.3 0.4

CoHg 0.3

CH30OH 2 2 1.3-17 1-7
H2CO 0.2-1 1 3.8 0.05-1
HCOOH 0.06

HCOOCH; 0.06

NH; 0.5 0.7 15

HCN 0.1 0.25 0.1 0.05-0.2
HNCO 0.07 0.06

HNC 0.01 0.04

CHsCN 0.01 0.02 0.14

HC3N 0.02

NH.CHO 0.01

H2S 0.8 15 0.15-04 0.2-15
OoCSs 0.1 0.3

SO 0.2-0.8

CS2 0.1 0.2 0.1-0.2

SO, 0.1

H2CS 0.02

S 0.005

"abundance at 2.9AU
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R LSk D EBIERED F ML ED L2 0
FEFICEBER DS o7

12 Greenberg (1998) [12] 2LV, HEZH
BT BRIE, K (~30%) , AR (26%)
BRI A Y (23%) OEE 3 moITZ,
LB AT EHEIRILKFE (PAHs) 72 & Oz
B+ (9%) & AKX ) —)Lig EOERMSF
(2-3%) THRLABELONE. ZOHREE
ZUTTHRE S NTEOR, HhORFEI7: Greenberg
5L [12,13] (Fig.2) TH 5.

2005 4 7 H 4 BICiZF 4 —7 - A 7%7 b
v va UNERE S, 9P/Tempel 1 EE (ZfHZE
R HOALERENLOWE X5 2 LIk
HL7= [14] . HERAEOITHIALBNCIIRE SR
THT HIAARBZITHE SN2y 2 A EEER
DFEEL Ip- 72 [15] . BT OB TITT
HiAHZ%IZ H,0, C,Hg, HCN, CO, CH;0H, H,CO,
C,H,, CH, 2’ SH7-. Tempel 1 EHEIT N A
W= (Fig. 1) ZERE T HAREBEOFE
WMERETHD., ZnETIEA—NVFDE (Fig
1) ZiEJRE T2 EEAMER OB RN EEIC
ThhTEr=olzxi L, EREEICET 5+
Sl BIIAELNTWARhot=. L LT 4 —
T e AT "Iy g NlEoT, WHAAT
OERIIHXBEOKy ZHLOMK TETrZ &N
MHTHLNZES, £ - BREPEE L LICR
B RMBOR UGB TR SO Tidk
WhEWSHF LWiEmb bt sh.

EiLo Loz, EE P OERMS 1 OMSEIT
FREERT, EEORKEOERIZE TERBLL T

Hundreds of thousands of < 0.003 |
Carbonaceous / Large molecule particles

T Pre-cometary Core-Mantle Grain

Fig. 2. Greenberg-model of cometary dust [12]. Upper
figure depicts a diffuse cloud silicate core-organic
refractory mantle particle. It has to be nonspherical
(here elongated) in order to provide for interstellar
optical polarization. Lower figure depicts a fully
accreted grain in the protosolar nebula. Reproduced by
permission from Astronomy and Astrophysics editorial
office.
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K BErickhot-. O—fT, EREPOiHE
FVEH Y OFFFEEE R, ek DBIHE TITE
WHICRRBA RS B =D, Mol-EET Thotz.
RS Y, — ORI S T OERS
SAICHEG L TWDRREERH Y, Hxr=E
WNEBRTEZOhHEEREE I TV, &
BEAEWY O 2T 572012, £0FE
TREIEE SO L HERE AR E AL 05
MIEE. BEREBEPOBEREGRY OFE L
(bS8 A TH B oD B S v 70 BT & U TR
T2HZE] — IR, AX—HFAMI v ar
IZBWT, HMERNFEDITIE OIS HRD D
FHIMEROERTHDHEEZD.

AZ—=HARNI vy ay
-1. 81P/Wild 2 &

81P/Wild 2 2L Temple 1 & [FkE, KREED
ERMEREL LTHOND. TRUDBAREDOES)
WX D RKBERNEOHGEIZA S TE7ZDiE20
33 4R, 1974 429 A 10 HOZ & T [16] , A
Ho— A NEEER MDD F TICKB & E R L
XL NS5SEITHD. Lizii->T Wild 2
BIX, KBOREZIZLEAEZITDLZLRIKN
46 BEATERF O ZIRFEL TV OIEHETHD.
B 72 A2 1P/Halley 21T 100 [F1LL_E & KB % J&
W U7efER, KRBGEICKDMEE LV 27X
KeEBEZLNTND.

2004 £ 1 H, AZ—XF A FERHEIT Wild 2 #
BN D 234 km OFEREE CTHEIE L. 2 OB
%25 (Fig. 3) , Wild 2 215 km ¥ XD
RERAE T, ToRmIMBLOH D “7 L —
H =" LJH N AR CIE ERN S e g E L
72 AP ERELVWSTAOLDIHIIEE L
TWAHZEMNHBALEZ [17] . 7 b —X—REHD
WHEDN D, ZOMEIE Wild 2 HEEBKBERON
BIZADRICEKR SN EE 2. £z,
EXREBZON T WENTEEE] O A=Y
LBy, HRALBEBOY v R REOE T
TN DLEEHL W [17] . Zh EHEEloB
475 1P/Halley <° 19P/Borrelly #2772 K2 d 75
5 (18, 19].

W W

M

e Left f501'>
&5
Right focw
AX.

Shoemaker Basin

Fig. 3. The closest short exposure image of the surface of
Comet Wild 2. The listed names (right figure) are those
used by the Stardust team to identify features [17].
Reproduced by permission from The American
Association for the Advancement of Science.

3-2. HEREEORE

2B —F A NEEKIT, TEHAETHEELZEK
L LT6.1 km/s TT7 T A 34T 5[ Wild 2 £
BRI L 72[20]. HEEEIZ L 5 TiX6.1 km/s
WO EHETCHREER EEET A LR, £
NIC L DRSS DX A —URE R & e/ NBICH
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R DO DB N AR EE SN /#E,
BOME, FHRREICH T AMMEICEN, EX
WIIZBEE A2 T 7= ) A7 ey L
MIZHWSEND Z o=, KEX 2 x4 cm
DRIVl = I VIR 2 VO N o S
(Fig. 4a) DT =AZ77 vy bO XS E%E LTz
TNI=TEEFED 1 v~ A | v AHHFIAE
o (RemifE 1225 em®) |, RAH LIKTFSLZE
Ik v RB AR L. RBHEERZ I Z oEIY
WRPr0 B EN, JED 7B (Fig. 4b) O
IR SUCHERICSE LT

FINBRICEZE LI, =7 Y o V&R
BALEH (FT7v7) R, TAI=0AFIC
BELCTEEI L—HF—=IZIh> T, Dk
Tl oTHMNTWE., M7 v 7 I3k 72
R REZIDboR Ao (Fig. 5) . 1
DOWMBEMHEITERBED Y A XL oI T
DERRERES 2D EEZLN, HIHISHTO
1 MM ELTCRHELIANGNE., £/, =71
VxNVIZBEALTHS FT v ORI E THIE
L 72 BEKI 1-1X Terminal particle & FEIEL7-.

TT YLD N7y 7 ERIE, MBI
U2 H BV R E S B S v 2 RO

a) o
e ]
RE_G = = | ¥
AR SN
=) = Aerogel cell
o — e
= =
bt =
b)

Sample collection trays

Fig. 4. a) Sample collection trays filled with silica
aerogel capture cells. There are 132 aerogel cells of 3
cm and 1 cm thickness for two back-to-back sides (for
the cometary and the interstellar sides, respectively).
The aerogel capture cells were wedged into the sample
collection trays and wrapped on all four sides with 100-
u m-thick pure aluminum foil to facilitate acrogel cell
removal [21]

(http://stardust.jpl.nasa.gov/photo/aerogel 1 .html).

b) Configuration of the sample return capsule. The
sample canister is designed to hold and protect the dust
particles collected during the Stardust flight. On its
base, an aeroshield serves as a cover. In flight this opens
like a clamshell, allowing the aerogel dust collector grid
to encounter dust (left). After collecting the dusts, the
sample return capsule stores the samples of cometary
and interstellar dust securely in the sample canister, by
folding it inside and tightly closing (right)
(http://stardust.jpl.nasa.gov/science/details.html#sample
; http://stardust.jpl.nasa.gov/mission/capsule.html).

23

oI Zo, YIvHshiz=T e
V= V/INT % Keystone & FESL. eV TR 1%
tCHI L2, A ZIERT 2E0E DTS
U 72 BUB R S R R < Ef S 7.

B/C

11.7 mm _ B
Fig. 5. Tracks with various shapes that show, from left
to right, the transition from slender (type A) to bulbous
features with (type B) or without (type C) slender
terminal portions. Comet Wild 2 particles penetrated
into the silica aerogel from the top of the photo. The
total length of the tracks is given in millimeters [20].
Reproduced by permission from The American
Association for the Advancement of Science.

33, 6 M ORI, 4 THH OAFEIHT
AR —H AN v g VHIEISHTICBITSE
—OHEHME THEAICEHAEOR T EHRNTHZ

Ll Thole, %0, HEHRKRDHYL DK
BINEERFE CThH o7, DD, By

WansainbEEICHLEY, REX2 L —
voa e, REIRIEEORIE, M G0
BT, EWVo RN AR I T,

BRE ST Wild 2 EEBEIX, TESW, H#H
DT, SR - EAHT, [RINLIR AT, AR
IINT, TEEBR AT 6 HM TN S, Ak
ST E BT, HHERMEAKE O 1) HESHT
& 2) RMNCIRSHT, EMEBIR ST E LT 3)
TS E 4) PAHs SHTICHISE S 1,
& x4 Table 2 \Z/R LIzmdriEn AL L. 73
oz E< &, ZnFETEELTEHEN
TERERHe 7 e~ 97 40— ED#E
S X B D FENTS. ik, I 7a v
B A XU T OB O HHEW A2 BT 572
DICWUNSITELZE L2 THh D, Iz THE
FREBEASHIENEE A ETH S, Table 2 T
DD IIHTIE LR A B AL <0 2R [ BEAIF 78 40
B CEEIC —REVICH WS, AT S
HAOWEEINT CEREFETHY, ZHLTED
FHLEMFEOEm DO —D>ThHDHEERD.

3-3-1. MEDHT

3-3-1-1. Wild 2 B EE O EA G X AR BT
— X BRI S 3 5 A 3 53 T

A ZE X A EE (Scanning Transmission
X-ray Microscopy, STXM) & X UL g T 548
i& ( X-ray Absorption Near Edge Structure,
XANES) (I, ITFERIRICERZE T TWD v
7 wa ba AT K DU O — 2 T
HD [22] . AOFricBIINT 3 2O X B
(200-800eV) B — AT A v (N—27 L—ELF
Z%FT, Advanced Light Source (ALS) B — AT A >
532, 1132, 7 v v 7 ~7 > ELHF5EFT,
National Synchrotron Light Source (NSLS) &'— A
74 > X1A) 1% STXM-XANES % FEjiii T & % i
RTHED W —LTF 4 ThDH. FHIL ALS
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Table 2. Analytical techniques applied in Stardust mission organics preliminary examination

Purpose Technique

+ Scanning transmission x-ray microscopy (STXM) combined with
x-ray absorption near edge spectroscopy (XANES)

 micro-Fourier transform infrared spectroscopy (micro-FTIR)
* micro-Raman spectroscopy

1. Structural analyses

2. Isotope analyses (6 D, ¢ 15N) » Secondary ion mass spectroscopy (SIMS)

3. PAHs + Time-of-flight secondary ion mass spectroscopy (TOF-SIMS)
(Polycyclic aromatic hydrocarbons) » Two step laser ionization mass spectrometry (LZMS)

+ High performance liquid chromatography and time-of-flight

4. Amino acids secondary ion mass spectroscopy (HPLC/TOF-SIMS)

E—AT A2 532 TOREICSMLEZ. BAD
O e EBR R 121X E 77 STXM — XANES 133%

BEINTE %f@”zﬁy‘}ﬁfﬁb‘k lbhvb DT, c'levels — o - |-

KRIED B 2 LTI fili R buxé = i
ﬁXﬁﬁﬁQ%f%OW)iﬁlMOﬁ¥ e

D 1s WIS (C 1s: ~ 285 eV, N 1s: ~ 405 eV, o levels { B I~

O ls: ~540 eV) Z#H =L TCW5%. 2%, £ - -

W o C, N, O JR1-23 8k X AT 5 &, — oo | Absorption

B0 1s Bl (WRBLE) 7253k S ARG D 5 moeves oo | o

WNEA A ABIERL O < Lo #EE KRR (] levels 11

A, o*fliE) ~JEE %ﬁ))ﬁbtﬁ“é (Flg 6) hy

[23] . Z DRI &Doé%t% BRIk \\

/El\ﬁ—f:ﬁb‘%/ %*%L cl: D T,Eéfzﬁ D s X A core levels

ﬁx&abw®WWmL&E@K@%&ﬁﬁ%

EELTHND., ZHICZER « =R X—00 R O O O atomic nuclei

HEDEV STXM %n’ﬁﬁ/\i’)ﬁé LT, uﬁier@

+7 3 au/ﬁm B 5 MO TR D)y . e E _

%M - ERIICEHMET S 2 LN TX 5. Fig. 6. Energy diagram of AX—.ray absorption process
%E%%ﬁ‘ﬂbi, THEXUE, ST T [23]. Repro.duced by permission from The Surface

Science Society of Japan.

L— NEHIR, &5 VIEhiE cal%, Yr b7

A 1 DERIZ LTS D%, N . .
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PR— MIERERETEE—L T A1 VB S W &R 5L, IREZEORIUE L VIR 3
shi-. I — Z AT, Wﬂﬁiwvmizw%—
Fig. 71X, 2 DO R72 5 X o kL ¥ —CHG WW#%E%%W#.:@igagm% C,

- Wild 2 EREE O Ee T 2. : (AT 5 TR L X —FIR T E R ENRE
L7z Wild 2 HEEED STXM B Th 5. Fi#H T L,Qmoxmmsx&ﬁkw%%t

158 'f
~ r
= a?ﬁ?‘
280 eV By

Fig. 7. X-ray image of a Comet Wild 2 particle from track 35, grain 16, mount 10 acquired at a) 280 eV (just below the
carbon 1s XANES region) and b) 290 eV (within the carbon 1s XANES region). Organic matter is enclosed in square
rounds 1 - 4.
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Fig. 8 (2 8 fliD Wild 2 HEEEM LR I

R D C-XANES 227 L&) LT- [24, 25] .

REHZ L > TENENRR D AT FANRED
. ¥z, 7 F (R-CONH)-R’) =1V
)b (R-C=N) L Wo Tt BEREFREELL, DR
= (HNARF /N (R-COOH) =T AT )L
(R-COOR’) ) , 72—, (R-OH) F7- It
=—5 /) (R-O-R’) L \Wol-EhETheisw
BILELZ ERNHLNE o7, £, IENiE
RENZ VB b H 72, Wild 2 EREEL, X
FEaL R ool L= REtEE S T &
HHEM D C-XANES A7 MR 3 &
Wild 2 EREOHWY O 5N EFERZDEE
MEL, 8 DOBRALDZRB DAY b IE
WICERETHDZ RSN D. —J, R#\E =
Y RIA NOREVER DT EBEYIT T ERR
ZOBEENENMNT, BB V—T7H
(CR2, CV3) THEERPEIZE AT MVIZHAFE
IEVIIR OGNV, Wild 2 EEE L kR
B D C-XANES A7 hLOEEETIE, Wild 2
HEEBOAGHY O NXREME XY L HFEFKR
EZNDI WS, = RV BALR= LD TS

G
A pcDgF

CV3 (Allende)

CR2 (EET92042)

Anhydrous IDP
(L20211R11)__

FC9,0,13,1,5¢

FC9,0,13,1,5"

C2044

C2054,0,35,32,8

C2054,0,35,32,10

C2115,24,22,1,5

C2054,0,35,16,4

FC12,0,16,1,10
280

bt

1 Ly 1
285 290 295
eV

Fig. 8. C-XANES spectra of organics associated with
Comet Wild 2 particles. Included for comparison are
spectra of an anhydrous interplanetary dust particle
(IDP) and insoluble organic matter isolated from CR2
(EET92042) and CV3 (Allende) chondrites. Peaks
corresponding to specific functional groups are
indicated with letters A-F. A: 1s- 7 * transition at ~ 285
eV for aromatic or olefinic carbon (C=C), B: 1s-x *
transition at ~ 286.7 eV for nitrile (R-C=N), C: Is-
3p/s* at ~ 287.5 eV for aliphatic carbon (CHx), D: 1s-
7* transition at ~ 288.2 eV for carbonyl carbon in amide
(R-CO(NH)-R’) moieties, E: 1s-n* transition at ~ 288.5
eV for carbonyl carbon in carboxyl or ester (R-COOR”)
moieties, F : 1s-3p/s* transition at ~ 289.5¢V for alcohol
or ether (CHx-OR) moieties, and G: Frenkel type 1s-0
* exciton at 291.6 eV [25]. Reproduced by permission
from The Meteoritical Society.
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NARBEFIZR LN D S TIHEM L TV,

HE B N-XANES A7 kLT iisny SN
EEAMELS 2T a— R o720, —EoR
BTIZT I RR= M AR DO — 7 B E
U C-XANES OD[RERR & —FH L Tz (Fig
9) [25] . FNLIAD 398—405 eV DFEIILF v
FIHYVE—varPNEMET, BELLT I/
(C-NH) , &% (R- NH(CO)NH-R’) , #1 /L 3
EA /L (R-NH(CO)OR’) %D, T x/LF—IIYL
DRT-BEOEGEREREREEZEATND D
ERTREIND [25] . RFEEI L FTA PO
KR EEDFEY & O ) BT 2 B %
NEE L#ENDY, C-XANES 225 b RS Tn
FEOICEAREMENS =) LD — 7R
BMOLNEZCIFHEABELOREBERICRZD.
HEBERE D O-XANES A7 ML TIZEDR
B THL LR LDE— 7 DB NDDHT, C-
XANES TH/R=ZREIESNZZ & & —F L
TWie, UbkaFeon e, Wid 2 HEEORH
MWIIRFBLBBICEAL SR EREEL2E 2,
BN L > TR BEREDHEEDHE L HIHI2S
MR H Y, BHETARY —7flks L TWnbdZ
LR ENTE.

CDE

CV3 (Allende)

CR2 (EET92042) ~__

Anhydrous IDP
(L20211R11)

FC9,0,13,1,52 ~—

C2054,0,35,32,8

C2115,2422156

C2054,0,35,16,4 ——

FC12,0,16,1,10 ~—__ Y

400 405 410
eV

Fig. 9. N-XANES spectra of organics associated with
Comet Wild 2 particles. Included for comparison are
spectra of an anhydrous interplanetary dust particle
(IDP) and insoluble organic matter isolated from CR2
(EET92042) and CV3 (Allende) chondrites. Peaks
corresponding to specific functional groups are
indicated with letters A-E. A: Is-x * transition at ~
399 eV for imine nitrogen (R-C=N), B: Is- & *
transition at ~ 400 eV for nitrile nitrogen (R-C=N),
C: 1s-m* transition at ~ 401.4 eV for amidyl nitrogen
(R-CO(NH)-R’), D: 1s-3p/s* transition at ~ 402.5 eV
for amino nitrogen (R-C-NH), and E: 1s-3p/s*
transition at ~ 403.5 eV for urea nitrogen (R-
NH(CO)NH-R’) [25]. Reproduced by permission from
The Meteoritical Society.

390 395



Viva Origino 36 (2008) 20 - 43

T30 F 27 LT, TRV RT
RE UMD C-XANES A7 hLZ i~ L
A, HMTEEEEOAXRT FMLEITIZoEF VX
BITE 7~ (Fig. 10a) . T Z L bERERE
MEBLNTZ ALY FVITERER EOGHEY
ERMLTWDZ ERERINE., =7 ey
JUIEEAR BC-, PSi- RAKIEE (NMR) THh4y
Pr&2L 025% - HU%DRZEEGTZ &R 0o
kﬁ,%@%<uSiK#ALth%%r£%®
JECTHEELTRY, #A lﬁ@ﬁ%%k
X Bl & #17=[25]. micro- FTIR I CTHLEREER
ke DGR IR FE & 1T & D ﬂ&é EWIRE
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Fig. 10. a) X-ray image of a Comet Wild 2 particle from
track 35, grain 16, mount 10 acquired at 280 ¢V. Note
the particle, largely granular and silica rich (outlined
with a solid line) is embedded in epoxy. Highlighted
with dashed line is a region of some other organic phase
that was extracted by the wet epoxy from the particle
[25]. b) C-XANES spectra of (from top to bottom)
epoxy, the soluble phase that was extracted by the
epoxy from embedded particles, highly silica rich
regions, and organic associated with Comet Wild 2
particles from track 35, grain 16, mount 4 [25].
Reproduced by permission from The Meteoritical
Society.
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Fig. 11. Atomic N/C vs O/C derived from C-, N-, and
O-XANES of organics associated with particles
extracted from the Stardust aerogel collectors (1)
[25] . Included are elemental data for meteoritic
organic matter isolated from chondrites ranging from
type 1 to 3 (H) and the anhydrous interplanetary dust
particle (IDP) (@). Reproduced by permission from
The Meteoritical Society.
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Fig. 12. The C-H stretching features obtained from
Comet Wild 2 particle (A), aerogel (B), and the diffuse
interstellar medium (ISM) (C) [27]. Reproduced by
permission from The American Association for the
Advancement of Science.
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Fig. 13. Raman spectra of selected Comet Wild 2
particles compared to those of interplanetary dust
particles (IDPs) [37] and insoluble organic matter from
two carbonaceous chondrites (CV3, CR2) E 5]. All
spectra exhibit characterlstlcs D (~ 1360 cm™) and G
bands (~ 1580 cm™) due to disordered carbonaceous
materials and fluorescence backgrounds of various
intensities [37]. Reproduced by permission from The
Meteoritical Society.
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compared to those of meteorites and interplanetary dust particles (IDPs) [37]. (a, b) Data of Comet Wild 2 particles. (c,
d) Data of Comet Wild 2 particles compared to those of meteorites. “IOM” is insoluble organic matter separated from
wide range of meteorite classes. Gray regions show the range of parameters measured in chemically unprocessed
meteorites [36, 38, 39, 40]. (e, f) Data of Comet Wild 2 particles compared to those of interplanetary dust particles
(IDPs). The ‘LANDS’ data are from [37], the ‘Munoz’ data are from [41] and the WU IDP data point is from [42]. Gray
regions indicate range of IDP data reported graphically by [43]. In (b) and (c) the long-dashed line is fit to the IOM data
of [35]. For clarity, only the average of the two (similar) Track 17 samples is shown in (d-f). Reproduced by permission

from The Meteoritical Society.
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Fig. 15. Hydrogen isotopic compositions in bulk
fragments of Comet Wild 2 particles (@) and in
micrometer-sized subareas of one particle (O )
compared to standard mean ocean water (SMOW) and
to ranges of laboratory measurements of D/H in
interstellar dust particles (IDPs) and in insoluble
organic matter (IOM) from chondritic meteorites [62].
Also shown are estimates for protosolar H, and ranges
of D/H measured remotely for specific gaseous
molecules from comets and for molecular clouds.
Reproduced by permission from The American
Association for the Advancement of Science.
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Fig. 16. Maps of (A) 8D and (B) 8"°N in a sample of
insoluble organic matter from the CR2 chondrite EET
92042 obtained by NanoSIMS. Most D and "*N hotspots
in EET 92042 (8D up to 16300% and 5N up to
1770%o) are not spatially associated [65]. Reproduced
by permission from The American Association for the
Advancement of Science.
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Fig. 17. The fluorescence chromatograms from HPLC/TOF-MS analyses of (A) Comet exposed aerogel (C2054,4)
(B) aerogel witness coupon and (C) preflight aerogel [24]. Gly: Glycine, [ -Ala: B -Alanine, GABA: vy -Amino-
butyric acid, L-Ala: L-Alanine, EACA: ¢ -Amino-n-capric acid, MEA: Ethanol amine, MA: Methylamine, EA:
Ethylamine. Reproduced by permission from The American Association for the Advancement of Science.
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Two-Step Laser Mass Spectrometry

I. Laser desorption of neutral

Il. Laser ionization of selected

molecules species
pulsed selective
UV laser ionization of
plume of aromatics
pulsed IR neutral \ @/
laser A+ B

to detector

Fig. 18. A principle of two-step laser desorption/laser ionization mass spectrometry (L*MS) In the first step (I),
molecules are desorbed intact from a substrate with a pulsed IR laser. In the second step (II), the desorbed molecules are
ionized with a pulsed UV laser. These ions are then extracted into a time-of-flight mass spectrometer [94]. Credit: Prof.
Richard N. Zare, Stanford University. Figure courtesy of Dr. Max Bernstein, NASA Ames Research Center.
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=7 u Yz /VHRDOREOBEILTAE LU ZD TR
RN ERERINT. IO DOEERIDIX
To LA, BRI BRI AT Y DAL R A
NTW5D.

T2, BOXREPEAELREZZITTH, BRT
DA XHEHH R Z 0 DTN~ D Bz
PIERND T, WERR T E K %2 Z T2 < WAlRE
WM EBZ OGNS, AEDILIMIZ R TEYRE
PEIZIR S, —fRICDFRRZVEDOIE EE.
IBHIL, AA—HFAFIvraqiBne, #
EEN= 7o LICE AL TH S Terminal
Particle & U ({142 £ TICE L2, b
ToF I ~~A 7 et ESbhTnd.
T XS R BEROMENTIX, @E MBI
L2HMOEREITRRDH>DZEEFEEL
AN AN A ST AN

FRERETHE, Wid 2 HEEERT T o
T VITHE SN U WETBR A T T — o
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HHEEMIIHEE LB SN2 >0 b L
W, L2vL, —F TR v ZICEFELRE SR
T-AHWIE, REOER»DIZENTZONE L
7R, LWV A[REME S HER TX 5.

5. AZ—HANI v g BT AMSHTER
PSR & OB EME

A —F AN va rDOETOHNFEHMN
HHTILHE ORI, Wild 2 EEEORKS
IR —TH D] [20,24,62,87] . THIRET
2H01%, FIHHREREERT TR 72, WE
DORBERIBEETHD. BERETERIND
S8, 7 AHNVATTA N (MgSi0,) &= AH
A~ (MgSiOs) 75 Wild 2 EHEEF NS E T
B &2 &8 [20] , KBERDOWNZD S L
B OWEDOIMU~OMEBE & BT T\ D,
FHEIITICB W THOEROERYE 2 E I+
HERERMNELNTZZ L1, ZORAED o R
LRGBS D EEbND.

B9 1 DOEBERKRA > ML, Wild 2 EEJE
MHITRBEC G K7 A BBE N RE I N2 »
Ll ThHD [87]. oFV, Wild 2 HEENKE
B A T iR o b e o1, KEE
BAZ A O F G HBEET 2 Z Enmb
nNTna., REE 3L K74 bHOREMEES
TEAEY OGRS TIL, 7=/ —N, T
Ty, TAXIAFF 705
e - MBI B OFRT BN KEERDOESRW
BB XENMBT S (H 21E Ivana > Cold
Bokkeveld > Murchison) Z &SN E 72~ TC
W5 [111]. L2 L, Wild 2 #2EE 0D XANES <
L’MS b ZFNn b OFEL R T EREELE X
A A 3B ohcniny., £72 3-3-4-3.CTrijad
L7 VBEorEEL Vot &
nNooZ by, KEEKREZRBRLTHWRWZ &
DENTHDLEEZOLND.

Tsuchiyama et al. (2007) [112] %, Wild 2 #&
Boxzryue oz VEARNT v ORIREEEE
DRy DBRMEZ R BB T, Atz FIH
Liz~A7nu 2777 =230 X BT
Wild 2 EERK D T v 7 O 3 RTHEE L TH
M EFR-. TR, b Ty HhokoE
HELERBOKBEOL, mFe)/Vt (m(Fe) : &k
DEAE, Vt: EEBOKRE) BN, Ty r0
R EAMBET D2 E L. 50,
m(Fe)/Vt OfEIXE R EE T DK FE 21X H Y D E|
BIHRIFT 5 L& 2 TS, m(Fe)/Vt 1Z Bulbous
I v 7BV TR bERVEZ R Lz, FEE,
4 DS XANES Z0#r 2 520 L7z 15 3REH Ay
MWD SN 8 FHEBHIWT Ly Bulbous T v
smbBROYHEREZLOTH D, — T,
Terminal particle @ XANES 34T/ 5ix, 40 &
AT I TELT, ToRby
D X B —WUL (700 eV) HSEEH D KL
DTRD LN, T b OfERIL Tsuchiyama et
aAlDFEm & —BTH LI THA.

6. HERIN G &L O — Exogenous
delivery

“Exogenous delivery” O E AT TR Z#H 1<
FoTHmNEET S, ZZTlE, BAESH
EOWITARNAELFE L THERICHREL Tx =
EWVH NN AL I TG (Bl 20X [113]) &I

-
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BEENERRY, AmElT 2MECTh 5 A
MIPFEH I OHMERKICEIN TE LI EAELT
WD, ik, HER EoA M IIER CHEAE L
Tl WnWHIBRITEDL, AmaT 28k L 7
LA ER SN AN ER ST X
DEIINTELZLEZERLTWNS.
Chyba & Sagan (1992) [3] I%, M — 3
2O B HEK DRI KRR E I ITBOKEREE 0 & — &
SARME — BRI A 7 & OMERSMEIC L D
& — O O A AR OFEEDPFIT 72 2 A HEY & Rk
DOERDDH Lk, 22T, NREOE R
HEITT DI L TCHRBROFEDNLETH D .
ZO%E, MERGEAEROETIZE E D RAN
b el oTebEBEZONDN, FD®RICHEKIZ
B - HEERSICL > THEL SN RERED
REFETHSTHLEWVWTHAD. 4HD
Exogenous delivery &9 & 2 H11%, REOR
B O EZ R LTS Z L, 38 &
AERTLART E THEV 72 RAIRTE 22 78 [ e BRI 2 A4S
LI-BMm 7 7 v 7 ZOMEEmHIHEE (Table 3)
[114], & BIZITAH B O E it O FBRIISLAE
EWVO TR FRRIL L L o TN 5.
Exogenous delivery Cl¥, %3 L& 7 I /B
B & o T AR B A BEAE S 4 O MK BE TG
HRICEIZN D LB I R2WEEZLND. ¥R
O, JFAGHIER I E T 7o % O RSN 1X,

Table 3. Major sources of prebiotic organic compounds in
the early Earth [114].
Reproduced by permission from IOP Publishing Ltd.

Source kg year”

Intrinsic

UV photolysis 3x10°

Electric discharge 3x 10’

Shocks from impacts 4 x 10°

Hydrothermal vent 1x10°
Exogenous

Interplanetary dust particle 8

(IDP) 2x10

Comet* 1x10"
Total 1x10"

* Conservative estimate based on posible cumulative
input calculated assuming flux of 10** kg of cometary
material during the first 10° year of Earth's history. If
comets contain 15 wt% organic matter and if ~10% of the
mater survives, it will comprise approximately 10''kg
year' average flux via comets during the first 10° year.

JFAAHER - VEVE - RA TR 2V 2 D% ik
KIsWZ X » T, S8k dsn6ThHD. 3E
B2, REFEEa LRI FhoFE#EHDO > L, 7
S BB Y T D A AL A O EIEIX
DI 1-30% T, HOIXFEFEBLEREDOFWE Y
FEREMMTHD [115] &2 EEBTHE, &
KA T L3t LAEERE O WAL
G, FAGHER ECToOEBEIRE T — L O
7B 2 Bl LD TIERWEA 9 M. R$E

Hay R4 NHROREMERY T 26 % &
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AL 7368 T (B 21X [102, 116]) , RIE
MESFREAEKY S PAHs RG%EHE - il -
Fe R G HHACE S R AR LT & 9 RN
REINTWA., ZTOERERNDIT, GO TE
FHEW) DN FARYETE CROG L CHERRALKER
KO RISHEDOEWEERILEM AL EITAER L
b L nE NI fRL TED. Zhax s
HICFE R I E 7= D) Ehrenfreund et al. (2006)
[117] {2 &% “The Aromatic World” T, FEAH
WCEEND PAHs 3@ T EAEYMZTO L
DN, JFEEHER (F 7213 XN =%
HOEA L TEEMD 2 5 FEEZERK L[118] ,
WA DORE - RIS EZMR LT E VI IRFTH
L. FNODBREE LTHEE LB E S T
FEREIFEINTWRND, FEREDES &
W) DY F AR HUER BR 52 CAEIRRTBED - O b1 8 &
ROl AR FSICH D, M T, KREE
Y RI7 A NHRORENMER 7T EA YO 5 KE
SIRAERICIX, PAHs ICHERD EETEBEDR
EHA-12 OTHNVRUEE e Raxo /)
Ve R LI EY = LEORMMEALE Y R
ENTWD [116] . PHONVRUBRIIIRFRED
RS EEAKIS L, FAEHERTORY
~ — RIS B e % H 2 R o ATREME S R S L
TEY [119, 1201, E FaXxs® /Uy, N
SAIFY — VEITABERRERVES. F
7- Wild 2 EEEN DX, PAHs &I13Rlc, H&
BRIZZ L BlEHK - EXEREICEATLAHS
FREGENRH SN, 20X ) RE e
IR ES T EAKEY &\ 5 B TR M HIER I g
I, Aromatic World + a 72 Bt %2 B L
TWHZAREMENREZ DD, BUT L E
RHEBFRICEROEm S T REAKDIX, KR
BEIC S /DA L7 & LT%H Exogenous 72 A1
OHARIR & 720155, RIS, &0 FEAHRY
O — L E R L Z T CTLBE OIS & %
HELT2THAH T EBFMRRICEIT 265D
DFEBICRE %52 L LvZ. Sugita
and Shultz (2007) [121] 1%, N,-O,-Ar FZDER{LEY
j(é—f\‘:l:', ANLOBHERY ~— ([C14H1603]n) &
SRR EEE R ST 2 A, VT bk
F (HCN) BDRKEIZAERT DI Z 2B LI L
oo TRV ~v—0ROVICEBROREE 2>
K74 ME@EEIEEHATH HCN &8 25
DTN D HAL TS, HCON (FSUSHED
<, ZLOEKRBETEMOHBME L7252
EREIBNTWS [122-125] . Z DFEBRIL, 1HzE
KENEE T XL X — 2L Z ST R F— &
LCfEbh s ERICKIGHE L LTHE X, b
FHAIZE > TEHEERFGZ LR EZ R L
T2 LWHETOZETHD. £, KF\EE
¥ KT A MR OREEME G T B 05 K ER
DIRFERTIIZ BEOER L RAET D ENRS
NTW5 [126] . EiRIX UV ° y %O 3L
X —THMREINLTVOT [83, 127], &HIZ
i 2 DRSO HFIFEHZ e o T AletE b & 5.
Lo Loz, REEa L RI74 FREEN
Exogenous delivery D FEeF v U7 — & 720,
HIER 1T ONA F VT2 & 50 1 A B 03 A A O FE
DT> T REME AR R TE 720, —FH T
Strom et al. (2005) [128] 2 @"E LT\ 5 L 91,
PIHAHER ICERE L2/ N RIRIIRFEE 2 KT A

FRERTEIRL, FHONEKETHo T2
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ML EETRNEESL . KB ITHEY N
FAET DB B TIXEZH S TRV,
— %< O/PERICERE O E Wbl T D
Wil R A MZIER 0.5 wit% < OREMES
NTERABYNEENTEY, REL2 VKT
A N OBEMLL EIZHE FRRBDILFICHES L,
e R T DOEIA N B & O 2 8> = L
o TS [55, 60] . ZDFATHHERSNA
B 73 I s Hi1 Bk 0D A B e SR TR D % F & SR e W]
BEMEIZHIcdh D, FOERICBN TS, AA
DINEBRE - TNV Y X =2y g T
IS STEEMNFEDIRD S BUNKE T4 b
T OREO AL, BLIFERZR Exogenous
delivery OF% ¥ UV 7 —fEHi & L CTIRARLER L [F
U< B WD BLBREE .

7. F£E&H

AR —H AR NI vavid, BEEOELZYD
THIBRICERBIR Y, BT Z LTI L
7=. TN O—B T DAY AT
T, TNETRMTH - - EEHEY DR E
B« [RINLIR R & b & 7ot s o0 e o iE &
FAWTHLMNMZ L., RAERIIKEGR TR
R E & £ D B oI B 3
HERERERME L.
ARFTIE, Wild 2 EEBOFEBIITHE R,
INFETIHLEL RSN TEZBAAHEY,
FLEREZERE T HAREMNE A2 AT 5 RAEME
CRICHE L. 2D F L H%E Table 4 IR LT,
Wild 2 EEENOKRE SN T-A I oNT,
BECDOHTRERD, WGP 7o thER SN B Db
CEER AR L TCTWA D ENEETE L. Y
SHTE LTIEET L=2 Wild 2 HEEOIF T
WBESTIEN0 THY, 5% ORI 7208,
B - BB - RN ERRR T o B o7

b, Bi7-7eWise7 Ya—F0EA, S2k-T
L VREN AR ERD Z EBRDLNS.

BB, AX—FANI v arOaHGHT
EBPIZ DWW T, THF O A H T OBl % & R
Nz, #HAAL IS E B BRI AT W I 22 D 7
SERE OEERL LTIER LA R T22 &
, WE L ELIZFR L.

ARFUT IS, 2006 4 12 H#E#i D Science &
[24] & 2008 4F 5 A $5#; D Meteoritics & Planetary
Science §8[25, 37] I[CHER I N7- Wild 2 HEERH
RO REEICHELZ. M2 T, BAA
Bt ot oo Bhm, A O RIEO M EELR
MO DB, FHOEEN M, 02007 4
HIER KR A R KRS T OFEERR & 3 O RITK
LIEWEERN OB EmEILY AL, £&0
7.

e

AP —=HARNIvvarvitbolzeTo
FRIEHBELET. EEOMEREE THD
George D. Cody K & Conel M. O’D. Alexander X

(Carnegie Institution of Washington, USA) (ZiZ,
AL —H AN ¥ a VPG T — s ~B
TOHOEBEQKEZIHE £ L. STXM-XANES
SIATIZER LTl AL L. David Kilcoyne I & AN
I ( Lawrence National Berkeley Laboratory,
Advanced Light Source, USA) 7 5.DLEV 2 T 7R
L—yarv e AR—rEHEELLE. £,
Z$efit < 72 X o 7= Henner Busemann X (Open
University, UK) & Max Bernstein [k (NASA
Ames, USA) (ZEGHH L BIFE3. ARFGioH
Warfo Wil E, FRRHEIIH > TR
BEELSEESWE L ZHENAE (BRTE
KE) WCELSHHFLB L EFET. | HOELAE

Table 4. Comparison of chemical characteristics of organic matter from Comet/Wild 2 particles, chondrites, and IDP".

Interplanetary dust particle

ot
Chondrite (IDP)

Comet 81P/Wild 2

Functional
group
chemistry

c Aromatic poor,  Aliphatic or

O-, N- containing carbon abundant
N Amides, Nitriles, etc Poor
o) Carbonyls, Alcohol, Ether, etc
20%)

Morphology | Amorphous Amorphous
Isotopic
composition

0D 625%o0 (mean), 2200%o (Hotspot)

5 °N Varied, 1300%o (Hotspot)

Individual

compounds
PAHs

Amino acids | Glycine?

Methyl- and Ethyl- amines

Aromatic abundant (~60%)
Aliphatic (~ 20%)

2973% (bulk), 19400% (Hotspot)
233%o (bulk), 1510%o (Hotspot)

Aromatic and Aliphatic

Relatively abundant

Carbonyls, Alcohol, Ether, etc (~|Carbonyls

Amorphous

2281%o (mean),24800%. (Hotspot)
213%o (mean), 1270%. (Hotspot)

Similar distributions (2—4 rings and their alkyl homologues (C1 - C4))

More than 70 kinds, ~ 60 ppm,
Rich in D and "N
Racemic or L-enantiomer excesses

T All data are based on the references in this review.
¥ Primitive meteorite groups (CR, Cl, CM)
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