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Crystal structure morpho ogy, and isotopic compositions of presolar alumina grains in

unequibrated ordlnary chondrites
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Corundum, the thermodynamically stable phase ef3)| is predicted to be the most abundant refractory dust species con-
densed in envelopes around oxygen-rich asymptotic giant branch (AGB) stars. Many pres@argAdins, which are the
survival circumstellar dust grains, have been identified from acid-residues of chondrites. The grain morphology and crysta
structure of presolar grains may reflect condensation conditions in circumstellar envelopes of AGB stars and processing in th
interstellar medium (ISM) and protosolar disk.

Using scanning electron microscopy (SEM) we obtained detailed secondary electron images, energy dispersive X-ray spe
troscopy (EDS), electron backscattered diffraction (EBSD) patterns, and cathodoluminescence (CL) spectra eDgaphiAl
prior to isotopic measurements. Focused ion beam (FIB) lift-out sections were made from the identified presolar grains and th
interior structures were observed with a transmission electron microscope (TEM).

The Al, O3 grains were identified from acid residues of QUE97008 (LL3.05) by EDS and observed in detail by field emis-
sion (FE) SEM at the Carnegie Institution of Washington (CIW). Previously identified alumina grains from Semarkona (LL3.0),
Roosevelt County 075 (H3.1), and Bishunpur (LL3.15) were also used in this study. CL spectra were obtained with a FE-SEM
equipped with a Gatan Mono CL4 system at NIST. EBSD analysis was performed with an FEI Nova 600 FIB-SEM equipped
with an HKL EBSD system at the Naval Research Laboratory (NRL). Isotope measurements were performed with the Camec
NanoSIMS 50L ion-microprobe at CIW. Oxygen isotopes of 163 grains were measured using “100 m@a@srastered over
each of the grains. An Obeam was used to measure the Mg-Al isotopic compositions of the presolar and some g0olar Al
grains. Ultra-thin sections of presolar grains QUE053, 060, and 067 were prepared with the NRL FIB-SEM. TEM studies were
carried out at NRL with a JEOL 2200FS field-emission scanning transmission electron microscope (STEM).

Eight presolar grains from QUE97008 and one from RC 075 were newly found. Grain QUEOGO is classified into Group 2 and
has a subhedral shape with clear flat facets. The surface is smooth except for a face with a cavity. TEM diffraction patterns o
the FIB section indicated that the grain consists of multiple corundum crystallites. Dark-field TEM image showegd 1&x@e (
nm) and small £30 nm) scale orientation variation. The large-scale misorientation observed on the right side of the grain seems
to relate to the cavity. Small-scale distortions occur uniformly within the grain. EDS spectra showed that the Mg/Al ratio of
QUEO060 is "0.01, and the NanoSIMS measurement revealed this high Mg content to be essentially pure r&figeniith
inferred initial 2 Al/ 27 AI"0.01, similar to other Group 2 grains.

QUEO67 is a thin Group 4 grain with very irregular morphology.fial/?*Mg ratio was three times lower than in QUE0G0,
but its inferred?SAl/27 Al ratio was similar. No EBSD patterns of crystals were obtained from the grain surface but TEM obser-
vation on the FIB section showed that the interior of QUEO67 was corundum, not amorphous.

The subhedral shape and smooth surface of QUEO60 suggest that this grain was likely single crystalline corundum when |
condensed in a circumstellar envelope of a low-mass AGB star, and that the polycrystalline nature, voids and distorted cryste
structure inside the grain are secondary features.

A possible process to form large-scale misorientation and the cavity is grain-grain collisions in a SN shock in the ISM. A high
velocity collision creates a shockwave propagating inside the grain, finally forming a crater. Small-scaled distortions may have
also formed by collisions with small particles in the ISM. Such collisions are less destructive than with larger grains, but their
probability is high. lon bombardment in the ISM may also contribute to the small-scale distortions.
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3-D observation of GEMS by electron tomography
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HEEFE E 2 5N 5 HKEEMEE (CP-IDPs)C & GEMS (Glass with Embedded Metal and Sulfidési-iE N 2 500 ¢
100 nmKL FAZEICTEN TV 5, GEMSIIIESEHREIEHICHED Fe-NiE., Wit/ aEY (10-50 nmyz
EFELTHEY., KGRORELBRERNEYED—DEEZENT VWS, £z GEMSIZ., ZFDHRNART kIVORHY A & [ EE
REFEOELDE XL ERT LIV TIZa YA XDEA N TCHE2ENDE, Whid3” astronomical silicaté DIEFHYIE
TEH5 [l TOXIICEEYEZ LR CZLELFHINTWAYETHSH, ECTEDKH I GEMSHEENTZ
DOMEERTPTH S [2-5]

Bradley 5%, GEMSIZ A ARRHRIIER TORA BRZE K 2 RNTEREETH O | ASMMTFHE E ORI KX 0 IERSE
LU TR LIz EFFRL T3 [2,4], ZTOARILOD 1 D& U CEERE FEEMES (TEM) Z2 W 28I T, GEMSOH
IZ”10nmAZEED relict grain & FEEX N 2 FEEADMEIE L Z DIVED GEMSZDE DDINE L IREBERICH 2. L5 DD
% [2lo LA L. Z&ZE relict grainh T OGN TIIBRINEWVT & [3] . 2 KITOBE TOSVEFEMmIE A E
MRENT LR EDRERE5%-> TV 5,

—J7 Keller & Messengeid. GEMSIEERA ZADE N TH 2 LWV ET N EIREL TS [3,5] 1F&AED GEMS
ICBRFINATRE DA SN, TTREEEDR FEIIES DENRKE V., hiFEREICORMUEENEET S LWV B
RPERHDE, GEMSIBFIAREMIRICE W TERA AD b2 Eik% GO IEMEERIEN RN L, 1BHIT3icDONT
BHERL TR DOBBIRNTIE LIz CICK DB LTz, EFBHL TS, L LZDTIL—TOBEICHENTE TEMIC
K% 2 KT 1Tin 5> TV B T8, BICHEEED GEMSEH DO RIIFEL TV SO TE TV AR,

GEMS DIEREIFEZH S MCT %728, AW T, THET 20T TOHERICHE > T\ % GEMS OfIREIZ &
TEMEZHWEE RN T 57 0 —Ic &0 3RTTTITARD T BB, THUCKD., 3TOTHENMEENE T Tk
<L HERD 2 D0t TR DER (5750 nm) 12 X D IR 2520 T Tz 22 M REEDY, Bl GO Y 1 XDEEHE
JEETEFRTENARETHH ., nmA—HX—TORE—NZED GEMSD X 5 &5t > ) & > Thieh THEN R BIZE
FERTH D, BIZUCIX cluster CP-IDPSCH %, L2036AA5 cluster4, L200908 clusterl3, W7262423 ikl = iz, T
D5H WT7262A21F RV T L Z U EHWTHIE L/ IDP TH O, 1EROHIEETHHINS Y av A A)IC K 255
BTN WS R & DO TH % [6].

IDP AR iRIC IS = 0 b — LI K O @BEYIF ZEK LTz GEMSDOIRIEA ) 180 nmTdH % 728, Y EH
13507300 nm& Lize EFRRNES T T 4 —I3HERFED TEM (JEM-2100F, JEOL Z#HWTITWV., H+ 65° [ERE 4
TS 1° BEICHS LB RS2 EE R L3O W R Z2 57, K agid, AT ERIEMSEE (BF-TEM)., &
A ELERIRIE A B B 7508 MM SR (HAADF-STEM) I K b i Lz,

Wi {5 & £ N2 IPIMHOHEEZ . STEM-EDS (T R I)VF—20 800 X $0HE) THS Uiz 2 RotrcEn g & ik
T 5T LICKDITR> AR, SESHIEBIEICTENSE, LI FIC GEMSDORERMIICIAET 2 FH il L iz,
TODCT &IZ GEMSHEHEY TH % T L 2mB T 5TV [3,5] LM FERIED, S8BT > T IV U TiaHT
ISR B ENH D, HBEFRNEY T T ¢ —2RERENSH UBTE SO HER IR UzDid. S EOMZEH
MY TH S, TOT LRI SHBOBEYERALD I L& EFRNE VR S,

[1] Bradley et al. (1999) Science, 285, 1716

[2] Bradley and Dai (2004) ApJ, 617, 650

[3] Keller and Messenger (2011) GCA, 75, 5336

[4] Bradley (2013) GCA, 107, 336

[5] Keller and Messenger (2013) GCA, 107, 341

[6] Messenger et al. (2012) 43rd LPSC, 2696 (abstr.)?
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Condensation experiments of Si-rich gas into the chondrule melt for rapid low-Ca pyrox-
ene formation using a new furnace
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ECHIC

K Cafiin (L LTIV ARRA ) ETDERIE. KGREaaBEZikd 2R FEEHTH S, FiaKhREEIC
BlI 51K Calififi DRI T NHARDZ WV, (K Calififild, Z OREfimEfE T Mg BEifglfi & U CRICRIIT 2 7 4L
ATAT MERRIGERICHD, THIWVATIA RV VAICESHAEDRIGICED T VAR Z A MHhEREKRSE L
TS % T EDBVIEAHBRIC K D FHIE N TV S (Grossman, 1972) LA L., ZORISIZERE (T A X Z A k) h
DEANIEBD SRS 2 T DICEEL . mADHNEME COLTE, £/, HANSEETZIL UV AX2 2 A MIMETH S
(Imae et al., 1993) Tissandier et al. (2002 & 0 2> RV 22—V A )L bAV Y HICFELHADHEFER L TEY 3 VG
(CaO™5-7TWt% ) HTHI 9 % & & ZFRINITR Uiz, AFERIIIZE TR, JRIG KRR EERE 2 BB 2 97 a2k 2
U, TOHEREHWTHEHIETZREOK Calffi (CaO™Iwt%yz il 1% Z LI L =D THET %,

RFIFKEHZEA R TEE LT 100PACKE L. HIXRISNZ T 5470V T % W, FRIEEZER % WV CHIE L7z,
BFEEROREREII M DZER 120071450C & U, BHEEEF L LT 100°Ch & Uiz, SEEHFEYE & LT Allende
FEfT (CV3) D/ (1 |1 D FEERIC™30-50mgYx iV 2, EERIC ImmOIRDBIW T IV F DS DIFWNIZHFYE L >V
AAAFE LTI HOMEAZRE & EEN RV K S IS ANz, FIRERE LT ARRORWEETET-
720

FER

U NMRDIZTWEFTIEIMBOMONED ENE T e LM, hALAGIRXEMICHTHE Uz, —J7. U A
BOHADDH BEM TR, HELZEDRO BN, Thbb, ALz Alendeitkld 1450°C Tlditkl2HANMEK Ca
FEAICZELTED, hADLAAZRAFI T 4w ZICHDBATHREL Tz, —/. 1350C BX T 1250°C & i
FRERES X O EKIRICARZICONFHET 20 A5 AL B UHAIZEBINCE R, FicT e LTE Caiah & b & <t
H U7z,

i

HIFEVEAND ) AT E S HT A DWIBAEI KINZ 0 7 ORI Z b 25 | ERC TIE EE <RV, YU AIKEDA
AVEDMAE U TR W FEBRIR SR A DZERE TH 5 DT, WLEIAAAELIeMABAAMR AV F EHEFEL T
el RS %, YYNTEBARREND ZFRTIE, ) ACEEHADAOH T ZY T zEEZ NS,

SCHR

Grossman L. (1972) GCA 36, 597.

Imae N., et al. (1993) EPSL 118, 21.
Tissandier L., et al. (2002) MAPS 37, 1377.
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Hydration of amorphous forsterite grains in protoplanetary disks
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Hydrous silicate dust can be thermodynamically stable at low temperatu286K) in protoplanetary disks with the solar-
system abundance of elements. Theoretical and experimental investigation (Fegley and Prinn, 1989; Imae et al., 1999) ha
shown that the hydration reaction between crystalline Mg-silicates and water vapor is too sluggish to occur during a lifetime
of protoplanetary disks. However, infrared spectroscopic observation and investigation of extraterrestrial materials have show
that both crystalline and amorphous Mg-silicates may be present in protoplanetary disks and in the protosolar disk. Amorphou
silicates are thermodynamically unstable, and thus could be hydrated more rapidly at higher temperatures than crystalline silicat
(Nagahara and Ozawa, 2011). If hydration of amorphous silicates occurs within a disk lifetime, hydrated dust could be a sourci
of water to terrestrial planets.

In this study, in order to investigate hydration of amorphous Mg-silicates, we conducted closed-system reaction experiment
of amorphous forsterite and water vapor in sealed glass tubes at temperatures of 1023-423K-20f0R05 -50 bar for 2-1344
hours. Run products were analyzed with FT-IR and XRD. We found that samples reacted at temperatures below 723K and P
of 5-50 bar showed sharp.& absorption features, clearly suggesting the formation of hydrous phase(s). XRD analyses of some
run products showed that the hydrous phase was serpentine. Because the stable temperature of hydrous phasefd-a80P
bar is-523K, the present results indicate that hydrous Mg-silicates can be formed metastably from amorphous forsterite at highe
temperatures than the thermodynamic prediction. Moreover, hydration of amorphous forsterite occurred after 2-hour heating ¢
623K and Ry2o of 5 and 50 bar, implying that the activation energy for hydration of amorphous forsterite is much smaller than
that for crystalline forsterite.

Hydration reaction seems to have little;f2, dependence atRo of 5-50 bar, indicating that hydration is controlled by a
reaction between amorphous forsterite with saturated adsorbing water molecules. No hydration occurred, however, at 523K ar
P20 <1 bar, which could be due to less effective adsorption of water molecules at low-pressure conditions.
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Sticking probability for homogeneous nucleation of iron dust
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Nucleation theories have been used to understand the condensation sequence, number density and size of cosmic dustin a
outflow of dying stars or a gas plume after shock wave heating in the primitive solar nebula. However, it has been well known
that nucleation rates obtained by nucleation theories and by experiments have a large difference. We believe that the reason
uncertainties of the physical parameters of nanometer sized particles. Therefore, it is still not successful to explain the characte
of cosmic dust by a nucleation theory. To determine the physical parameters of nanoparticles and evaluate nucleation theorie
we constructed an in-situ observation system of temperature and concentration during homogeneous nucleation in vapor pha
using interferometry for both of ground based and microgravity experiments.

Nanoparticles are formed from a supercooled vapor after evaporation by electrical heating in a controlled gas atmospher:
Using the new system in lab, we succeeded to determine surface free energy and sticking probability of manganese nanopartic
from timescale for gas cooling and condensation temperature based on nucleation theories [1]. In this laboratory experimen
convection of gas atmosphere caused by thermal heating generates heterogeneity of nucleation environment, such as tempera
and concentration profiles around evaporation source. If same kinds of experiments are performed in microgravity, evaporate
vapor defuses uniformly and the temperature profile becomes concentric around the evaporation source. As the result, nucleati
will occur at concentric position. Then, we can obtain physical properties with relatively smaller error bars and then we may be
able to evaluate nucleation theories more precisely. Therefore, we also performed a microgravity experiments using an aircra
and the sounding rocket S-520-28 launched on Decembséy 2012.

We prepared specially designed Mach-Zehnder-type interferometers with an evaporation chamber and camera recording sy
tems to fit the space and weight limitations of the rocket. Three systems, named DUST 1 to 3, with same configuration excep
evaporation source and gas pressure in the chamber were installed into the nosecone of the rocket. The evaporation source
gas atmosphere were tungsten and gas mixture of oxygen (4000 Pa) and argon (36000 Pa) for DUST 1, iron and argon (200
Pa) for DUST 2, and iron and argon (40000 Pa) for DUST 3. The experiments were run sequentially and automatically starte
from 100 s after launch of the rocket. The evaporation source of iron was electrically heated under microgravity. Evaporatec
iron vapor was diffused, cooled and condensed in the gas atmosphere. The temperature and concentration at the nucleation
are determined from the movement of the fringe in the interferogram. Here, we will show the results of the homogeneous nucle
ation and determine the sticking probability of iron atoms into a nanoparticle based on nucleation theories. The results will be
compared with that by ground based experiment.

[1]Y. Kimura, K. K. Tanaka, H. Miura, K. Tsukamoto, Direct observation of the homogeneous nucleation of manganese in the
vapor phase and determination of surface free energy and sticking coeffigstal Growth & Designl2 (2012) 327873284.
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lon-induce nucleation experiment I: development of a new apparatus
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Mechanisms of grain nucleation have attracted researchers in various fields of science in connection with e.g. atmospher
aerosols and cosmic dust grains. Although there have been many theoretical and experimental works approaching this issue,
details of nucleation mechanism is still in debate. Most of works are performed assuming homogeneous nucleation in gas pha:
or heterogeneous nucleation on the bulk surfaces. The homogeneous nucleation often suffers from a "critical size” of particle
and requires high supersaturation condition to gain the efficient formation rate, while the nucleation on the bulk surface may no
be relevant to the first stage of grain formation in realistic environments. It is know that ion-induce heterogeneous nucleatior
would play an important role in the particle formation because in this mechanism ion-neutral interaction overcome difficulties
expected in neutral-gas-phase homogeneous nucleation. We recently developed a new experimental apparatus to investigate
elementary process of the ion-induced nucleation. We present the importance of ion-induced nucleation and advantages of tl
newly developed apparatus. Using this apparatus, we have been successful in obtaining an important physical parameter, fr
energy, of water cluster ions.

F—U— R ki, ER, 7 I AZ—AF Y
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Mid-infrared Observation of sungrazing comet C/2012 S1 (ISON) with Subaru+COMCIS
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Comets are the frozen reservoirs of the early solar nebula and are made of ice and dust. Dust grains in comets have been u:
to investigate the formation conditions of the solar system. A silicate feature is often observed in comet spectra in mid-infrarec
region, for example 11.3-micron, and may be used for probing early history of the solar system. In most cases the feature show
the existence of crystalline silicate together with amorphous silicate. Since the crystalline silicate grains are generally mads
through high-temperature annealing above 800K from amorphous ones, it is believed that the crystalline silicate grains produce
at the inner part of the disk were transported to the outer cold regions where comet nuclei formed.

Comet C/2012 S1 (ISON) is a long-period Oort cloud comet, discovered in September 2012. In particular, comet ISON is a
sungrazing comet, which is predicted to pass close by the Sun and Earth and becoming a bright object. Mid-infrared observatior
of this new comet and investigation of the 10-micron silicate feature help us to understand the formation of crystalline silicate
grains in the early solar nebula.

We observed comet ISON in mid-infrared wavelength region using Cooled Mid-Infrared Camera and Spectrometer (COMICS)
mounted on the Subaru Telescope on Mauna Kea, Hawaii. The observation of comet ISON was carried out on 2013 Octobe
19th and 21st UT. Since the weather condition was not so good when we observed, we carried out N-band imaging observatiol
(8.8 and 12.4 micron) and N-band low-resolution spectroscopy. The spectrum of C/ISON can be fit with 260-265 K blackbody
spectrum when we use the 7.8-8.2 and 12.4-13.0 micron region as the continuum. The spectrum has only a weak silicate exce
feature, which may be able to attribute to small amorphous olivine grains. We could not detect a clear crystalline silicate feature
in the spectrum. We will compare the spectrum with other Oort cloud comets, such as comets C/2011 L4 (PanSTARRS) an
C/2013 R1 (Lovejoy), and discuss the dust properties and the birthplace of the comet C/ISON.

Keywords: comet, dust, silicate, infrared
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Observation of surface structure of amorphous solid water by atomic force microscope a

low temperatures
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Amorphous solid water (ASW) is one of the important materials in space because it exists an abundant and effects to evolutio
of interstellar molecules. In molecular clouds, it is well known that chemical reactions on icy interstellar dust grains which
consist of ASW mantle and mineral particle core are key processes in the formations of important organic molecyl€&je. H
CH3OH) and deuterium-enriched molecules. Although ASW surface play an important role as a field of chemical reactions, the
surface structure of ASW has yet to be revealed.

Recently, we developed a low temperature atomic force microscope (AFM) for study of the surface structure of ASW. AFM
is a powerful tool to study the surface structure of ASW because it can work even if the surface do not have a conductive
property. In this presentation, we show AFM images of ASW surfaces which were formed at several conditions. ASW were
formed on Si(111) ¥7 at 103-135 K with various deposition rate (0.08-0.8 nm/min) and various thickness(2.5-22 nm). From
the observations of surface structure, we discuss the relation between the surface structure and the condition of ASW formatiol

F—I—R: 7ENT 7 AK, BIHIEE, 778, IR S
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Experimental approach to the formation of organic molecules following vacuum-ultraviole
irradiation of interstellar ice
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Cosmic gases and dust grains ejected from dying stars gradually assemble under the influence of gravity to form interstelle
clouds. Among these gases, heavy elements such as magnesium (Mg) and silicon (Si) are incorporated in dust. Lighter ar
chemically active elements (e.g., hydrogen, carbon, oxygen, and nitrogen; H, C, O, N, respectively) play important roles in the
chemistry of interstellar clouds. After the temperature and photon field decrease when the density of dust particles increase
in interstellar clouds, atoms (e.g., H, O, C, N) and molecules (e.g., CO) deposit onto the dust surfaces. Cold-surface reactior
proceed on the grain surface, and an ice mantle, which is predominantly composgd obibined with other molecules such
as CO, CQ, NH3, CH,4, H,CO, and CHOH, is formed.

The ice mantles are also subjected to substantial energetic processing by the prevailing ultraviolet radiation during the lifetime
of a interstellar cloud. Followed by repeated processing when cycling between diffused clouds and dense clouds, new refractol
organic molecules are formed in the ice mantles. The ice mantles undergo further photon radiations upon the formation of proto
planetary disks, and finally evolve to non-volatile complex organic residues by irradiation and thermal processing. However, the
detail of the chemical evolution of the organic molecules has still been ambiguous. Although the previous laboratory studies usin
infrared spectroscopy can provide the presence of polar compounds such as amines, carboxylic acid or amides functions, it oft
suffers from the low sensitivity and the difficulty to obtain precise identifications of molecular species due to the overlapping of
broad solid-state bands. Since dust grains and ice mantles are the precursors of planetary material, studying the photoproces
is essential to understanding the origin of our solar system, and more powerful analytical techniques are required to unveil ricl
chemistry of the ices in interstellar clouds and protoplanetary disks.

Here, we are going to present a talk about a new apparatus which is now under construction to shed light on the chemic:
evolution of organic molecules in interstellar clouds and protoplanetary disks. The apparatus consists of three basic parts, i.e
a vacuum system, a copper-substrate equipped with a closed cycle helium refrigerator, and a vacuum ultraviolet source. Mult
component interstellar ice analogues are created on the cold (10 K) substrate by vapor deposition, and subjected to irradiation |
the ultraviolet. The irradiated ice is subsequently heated up to 800 K. The gas composition desorbed from the ice during heatin
is analyzed by a high-resolution quadrupole mass spectrometer in the vacuum chamber. The survived organic residue from he:
ing are studied using gas chromatography coupled to mass spectrometry (GC-MS) and high performance liquid chromatograpt
coupled to mass spectrometry (HPLC-MS).

F—U— R 0 FE, FREERER, KEME, AHEY)
Keywords: interstellar cloud, protoplanetary disk, ice mantles, complex organic molecules
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EARINC BT B CoHy 0 F/KELING * EiE CoHg AR DMEIHIC [0 T _
Hydrogen addition reactions of,&8, on cold grains; clue to the formation mechanism of

cometary GHg

AINPRAZZE T S e 2 s 22 2 0PI B 2 R [ L il AL
KOBAYASHI, Hitomi'* ; WATANABE, Naoki? ; HIDAKA, Hiroshi? ; HAMA, Tetsuy& ; WATANABE, Yoji ! ; KAWAKITA,
Hideyo'

VRS SE R AL SR, 2 AbE R AT AR e T
IKoyama Astronomical Observatory, Kyoto Sangyo Univeridbystitute of Low temperature Science, Hokkaido University

\olatiles incorporated into comets were formed in the pre-solar molecular cloud and probably chemically altered in the proto-
planetary disk of the Sun. Although physico-chemical evolution from a molecular cloud to the disk is basically understood,
detailed evolutional processes are still in debate; e.g., the fraction of the materials originated in the molecular cloud incorporate
into the disk without physico-chemical alterations (some fraction of materials might sublimate via accretion shock) and physical
conditions (temperature, densities of materials, etc.). To reveal those links, we focused on the molecules formed through grai
surface reactions, which occurred under quite low temperature conditions like 10K. We discuss the origin of such molecules ir
comets (icy small body of the Solar system), which might preserve the information about chemical and physical conditions of
proto-planetary disk. Cometary ethane K{g) and acetylene (§H-) have been observed in multiple comets since 1996 and their
abundances relative to H20 (the major component of cometary ices)i3 BL® with variations. This variation might be caused
by the difference in the mixing ratios between the materials originated in the molecular cloud and the disk-processed materials
C,Hg has never been detected in the molecular cloud and the formation mechanishisadé@ected in comets is still in debate.

One of the candidates of formation reactions g¢Hg is the hydrogen addition reaction o8, on the cold grain surface (€l
->CyHj3 ->CyH, ->CoH5 ->CoHg). In the previous experimental studies, those reactions were evaluated qualitatively and it
was concluded that the reaction fromHL, to C;Hg occurred more rapidly than the reactions frogHg to C,H, and it would

be a reason for the nondetection oftfy. To investigate these reactions more quantitatively in realistic conditions for molecular
clouds, we performed the laboratory measurements of hydrogen addition reactiostd.ofi@@l GH, on the amorphous solid
water (ASW), respectively.

The experiments were conducted by using laboratory setup for surface reaction in interstellar environment (LASSIE) at the
institute of low temperature science, Hokkaido University3. A cryogenic aluminum substrate is located in the center of the
main chamber and surrounded by a large copper shroud connected to a liquid-nitrogen reservoir. Atomic hydrogen used for tt
reactions were produced by the dissociation of H2 molecules in microwave-induced plasma. The kinetic temperature of hydroge
atoms were 120 K and the H-atom flux was ¥10m~2 s~!. The samples of pure solid,8;, C;H,4, and those on ASW were
produced on the substrate at 10, 15 and 20K. Infrared absorption spectra of the ices were measured by FTIR before and duri
the exposure of H-atom.

Our measurements show basically the same trend as shown in the previous studies. We will discuss the temperature a
thickness dependence of the time constant for the sample ices in the poster.

F—U— R oA, BRI ROS, 2P
Keywords: molecular formation, grain surface chemistry, Inter Stellar Medium
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High Resolution Spectroscopy of Laboratory-Produced Interstellar Molecule having Re-

sponse to Visible Light
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HhiBR & R ORI O SR RZERNCIZ 2 T 2 7m0 FEMEE L. £ D FEOYIEIC X 2 il DRI O WLIER Diffuse
Interstellar Bands(DIBs) D8IHIETNTW%, TNHIEKRFEEDEMD FTHB. ZORFEE > TWE0 I, HiBks
AT E TR S ZHIERNWNEIITH D . THONDFELDOT L DOEEERTEDOLEEZISNTWVS, DIBs DEMHT
BHBIDITIE, ADEEICIER R 25 SR SRV, FT T EBRARHEO I I IVAIVEIHEN TV, Th
SRAET B0, WEICKZEMDFOEREREETT> TV, ERiICERahyY — RikERHOTED., HlEIC
1%, Cavity Ringdown)Veds & IEFO L e VTV 5, SEFEF 4 1E. Cavity Ringdownedsic KD, 7 = =)VFF
TV (CeH5S) DETEROEMAGENE 2T o1z, o, EFNENIMCKD, 72 /F2F5TH)V (CeH50)

DETFEBOWELIT> T, TN B OMEMEZHWT, ERHZEH TENIE N7z DIBs A7 ML & D217 - 72,

F—T— RFRT TR, B0 T, 008 Fy T =) TRV, 3 TE, E
Keywords: Diffuse Interstellar Band, interstellar molecule, spectroscopy, cavity ringdown, molecular cloud, discharge
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Variation of organic compounds in the polar extract of Murchison meteorite
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!Dept. Earth & Planet. Sci., Kyushu UnivFukuoka Inst. Tech.

Various organic compounds have been found in carbonaceous chondrites, in which water-soluble bio-related organic corn
pounds such as amino acids and carboxylic acids are fully studied mainly because of their great interests to origins of life in th
universe and standards available for the analyses. The concentrations of these acids increase significantly after acid hydrolysis
the water extract. Even though a few studies attempted to identify the chemical structures of their precursors (Cooper and Cronil
1995), the original structures remain largely unclear. The aqueous activity on the meteorite parent body also could proceed i
a chemical oxidation (i.e. incorporation of oxygen by hydrous reaction), resulting in the alteration of original organic matter
(Oba and Naraoka, 2009). The large abundance of carboxylic acids in the water extract may be attributable to such oxidatio
processes.

In contrast to the water extract, less polar methanol extract of chondrites has not been characterized well in spite of relativel
high content of organic matter with the D- and 15N enrichment. Recently, ultrahigh-resolution mass spectral analysis on variou:
solvent extracts of the Murchison meteorite (CM2) was performed by electrosplay ionization (ESI) using Fourier transform-ion
cyclotron resonance/mass spectrometry (FT-ICR/MS) to reveal significant chemical diversity to tens of thousands of different
mass peaks having CHO, CHOS, CHNO and CHNOS elemental compositions (Schmitt-Kopplin et al., 2010). With the as-
sumption for molecular formulae calculation and no chromatographic separation, however, the detailed chemical structures c
the compounds cannot be determined. In particular, the organic compounds with their elemental compositions of CH and CHY
were not discussed. In this study, we performed high-performance liquid chromatography/high resolution mass spectrometr
(HPLC/HRMS) analysis of organic compounds in polar solvent extracts of the Murchison meteorite.

Homologous series of alkylpyridines have been identified in the polar solvent extracts of the Murchison meteorite by lig-
uid chromatography/high- resolution mass spectrometry. The wide range of saturated- and unsaturated-alkylated (C1 to C2.
pyridines is more diverse relative to that previously found, which could be produced by aldehydes and NH3 through aldol con-
desation and Chichibabin-type synthesis on the meteorite parent body. This finding implies a high aldehyde activity under at
alkaline condition with ammonia for the chemical evolution of organic matters in carbonaceous meteorites. In addition to the
compound distribution of alkylpyridines, the occurrence of other compounds in the water extract will be also discussed with
respect to their formation mechanisms in carbonaceous meteorites.

Keywords: polar organic compounds, carbonaceous meteorite, Murchison, high-resolution mass spectrometry
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EEPIC K BIKZ A S OINEA L 785 _ _ _
Heating and evaporation of icy dust in transient heating events induced by nebular shock

(b R T R ER R N U
MIURA, Hitoshi'* ; YAMAMOTO, Tetsud ; NAKAMOTO, Taishf’

YEIETNIRYE, 2 MR K, 3 LR
INagoya City University?Kobe University>Tokyo Institute of Technology

DTEN S FIRERMEA L BB BOEAERICB N T, BEAOKIZEEREEZHS , EAOKER TlE COD D
HIETZEXAMBISIC K D RIVLT VT RRRA R/ —)Vix EDO A7 THIEKT % (Watanabe & Kouchi 2002)
EHICHD EHKIGICK D, TNEDOR FOEKERDIIFEINCIZKE % (Nagaoka et al. 2005) SR7VRIGH 23215 72
ZRIKZAREES &, KRG L LT 2 /5 & DEMIEERK Y TMERE 1 (Munoz Caro et al. 2002) [#{A
IKWEFET B &, PICHUIAD LN TV EEZHED T E NS T & THADILHHRDZ(LT S, FEAOKD RS
LRI FRlObBtEIc RE AT 5720, BEROKOBELZIHSMCT 2T LIZEETH S,

ARWFFETIE, PR ATCAE U2 @580 X B E ORI SRICEH Lic, AAMETR, 0 7FENrSDH
AR A AN T DB, FRZ ST CHBEDEC %o BIAIKANEPAD AT A & A iy B 2 @i 4
%L, JMHOAADERNHEZA LS B —)5, FEAKIZETED 7 I DR E 2 MR % 72, mEHDMICKE
IERREEDNE C %o HADF D mdlized % T & THERAOKMDINEAE N, [RIRFICFRFENEC %o AR IR & i
BB T B 728, MBS K 2 AR D D TRVIETE AR TH 5, DL E, FEHOKDFEERT 2 E
JRIFE-DIKFER 72, BRSPS U ORI T,

TV BB O ADIREREE IE—E 1 EARE Lz, O, BEEOKOFIRIZERTH S &L, H—HK
(HoOor CO 5755 L Lz, Fiz, EHAOKOBIEMIZ/NE L, REZILDZA LA —)VIEHBEZ LD R A LA —)V
IR U TIRDNEVEARE LTz LLEDIED FTIE, 84 DEAIKDIRFER (FIHEEITH LT & OREEEDE U %
D) &, EEREELTED A A & EAOKOFEEO IR, &, BEEEE DN RABEE p, DIHMAKITFT 2, HBHHA
BNTzvg & p IS LT, [EAOKOMEE) TR & 2RI S PERA L OXZEUEFTE L, BAOKDRERT 2 i s & 7%
R KDz,

FEA EMTERICIE, vo & py DREWVIEE, BERKITERZRRL, ZRERERELAKS, ZO LT, LFDT &
Mmotes () vo & pg ZRESLTE, RRARBRIENANET SRV, ThUE, ZRERDML RS EREEAVNEL K
D, ARAELOMMHENT ITIHAT B T & TMEERIRFIA A 515 &1 5 negative feedbackMEHT 205 TH
%o (i) ZEFHEMN 1%% LA % 12 DEFHRD v O DMFHET %, HEAHE L, Fi HO KDEEIEH 3kmis # COKDIGH
FH1Lkm/sTH 2B, W H p, ZKEL LT, vy DT DEFFLEELL FTHNRIE & A LFRFIIETE, (i) FEAK
&, FEPRAETHNUEHF L T LU E SR (EXCHRIRE) % 102 g2 R LS5, Chud, p, BREWVEAE
IRk R DRSS TR 2, ZRICEULT BRI D B H 5 TH B,

ER LR L R ORI S BEHAOKDOBEIED 28R 2, IRNERIEGIC DT> TR S M Lz, C
UL, T FEPH ARBOISHEN TN S N7AL AR O 2, BHAOKOZRFETIS L BEN T 5 ETEHTH A 5,
EAOK DA RERE 2 K E K ERIZREZRT 2 & T, HARBNICBWTT X/ #BE EOEMEERT TS
BZRBHNE, milt TEEAOKANTH & D OISR TE B 78, TAUTHE S EUKRRENR S BIRED, 5
7, BEAOKOEFEANEAFRICH S ELOBREOFIC OV THA ZHED S TETH %,

F—T— FOKE R b, WEBRPNEA, 7878, (L2AE( L, JRaR R P, hna s R
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ERERMICHT 5T/ —)VE/KEREOAREN  H-D b 2 VEBSHEER
Importance of deuterium fractionation of ethanol by grain surface reactions: experimen

of H-D tunneling substitution

B ATk ey K HESh BN SR L JEED Bk
OSAKA, Kazuya* ; OBA, Yasuhird ; KOUCHI, Akira® ; WATANABE, Naoki'

HIER IR
Hnst Low Temp Sci, Hokkaido University

Since we have demonstrated the importance of tunneling grain surface reactions in deuterium fractionation of molecules
many works have targeted this process. To date, we have shown that the grain surface reactions play a crucial role in deuteriu
enrichments of water, formaldehyde, methanol, and methylamine. In this talk, we present the results of experiment on H-C
substitution tunneling reactions of ethanol on cryogenic surfaces. AlthowHh@H was observed toward interstellar clouds,
its deuterated species have not been detected. However, it was found that its homologgdlsl, €zid be highly deuterated
by H-D substitution reactions on grain surfaces and thus it should be reasonable to focus on the potential importance of thi
process for ethanol. We demonstrated that deuterated methanol is efficiently produced by tunneling reaction of H atoms at vel
low temperatures relevant to grain surfaces in clouds. H-D reactions predominantly occu-ibHzHgroups but were hardly
observed in an ?0OH group which is consistent with the methanol case.

F—U—F: HERKERRE, X2/ —)b, BEEXRRRS
Keywords: deuterium enrichment, ethanol, grain surface reaction
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lon-induce nucleation experiment II: free energy of the water-cluster ion
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HIDAKA, Hiroshi'* ; NAKAI, Yoichi? ; KOJIMA M., Takad’ ; WATANABE, Naoki'
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Hnst. Low Temp. Sci., Hokkaido Univ’RIKEN Nishina CenterRIKEN Atomic Physics Laboratory

lon-induce nucleation in gas phase is an important mechanism for grain formation in various circumstances. However, the
number of works regarding this formation mechanism is very limited. To investigate the elementally processes of ion-nucleatior
mechanism, we recently developed a new apparatus (See, the presentation by N. Watanabe in this session). Using this appara
the cluster ion formation with an ion core mass-selected, which is the first stage of nucleation, can be observed quantitatively. I
this presentation, we show the results of experiment on water-cluster ion formation in which free energies with the size of cluste
have been determined. The experiment was performed at temperatures in range of 230-400 K with the supersaturation ratio
about 103-1072.

F—I—F: BHEE, 7 A% —AF 2, BAERK
Keywords: interstellar grain, cluster ion, nucleation
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Detection of levitation dust around the asteroid by Hayabusa-2 LIDAR
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INational Astronomical Observatory of JapaRJanetary Exploration Research Center, Chiba Institute of Technologfitute
of Space and Astronautical Science, Japan Aerospace Exploration Agency

The micron-size particles are continuously produced at the surface of airless bodies like the Moon and asteroids by innumerab
micro impacts and thermal stress related to large temperature difference between daytime and nighttime. Previous astero
missions have revealed smooth appearance of topography on 951 Gaspra, 243 Ida, and 433 Eros suggesting that these aster
are covered with particles smaller than resolution of camera images. Particularly, the exploration of Eros by NEAR Shoemake
has revealed as smooth surface as a liquid water at the base of craters whose diameter is between 20 and 300 m. This "por
is consistent with stagnant dusts of diameter smaller than 50 microns. Based on this observation, dust levitation hypothesis wi
proposed. According to this hypothesis, a photoelectric effect of solar UV positively charges both dust and the surface. Thel
a balance between electric repulsion and gravity causes 0.5-microns dusts to oscillate vertically over the surface of Eros lon
period of time. When a dust has a horizontal velocity, it transfers laterally until it reaches to a shadow of topography where
electrostatic field is weaker than surroundings. Thus topographic depression such as a crater becomes a sink of levitating dust

LIDAR is one of four remote-sensing instruments onboard Hayabusa-2, and is used to measure altitudes of the spacecre
from a surface of the asteroid, 1999 JU3, for not only secure navigation but also scientific investigation of a C-type asteroid.
Hayabusa-2 LIDAR has been improved from that onboard Hayabusa which explored and returned samples from asteroid 251/
Itokawa. A new function called dust count mode is implemented to Hayabusa-2 LIDAR to observe spatial distribution of dust
number density in 8 levels with resolution of 20 m in bore sight direction. LIDAR can hardly observe lateral distribution of
dusts, but distinguish a weak reflection of thin dust cloud from that of the surface. To plan an operation of the dust count mode
observation is difficult because the number density of asteroid dust is not known at all. Instead, we evaluate the lower boun
of number density that is geologically important for morphology of asteroid surface. For a given number density of dusts and
under an assumption that a characteristic time of levitation is the rotation period of 1999 JU3, the rate of embayment of craters i
calculated. If this rate of embayment is greater than that of crater production, we need to take into account a modification proces
for the study of crater morphology and crater counts of 1999 JU3. This lower bound is calculated fonbe’1f@r a cloud of
dusts whose radius is larger than a few microns. Then we set this value as a target of the dust count mode observation.

A detectability of dust count mode is dependent on sensitivity of Hayabusa-2 LIDAR and an altitude of the spacecraft. We
calculate a reflection from dusts using Mie scattering model assuming that a diameter of dust particle is constant and is large
than the wavelength of laser, that is, 1064 nm. A characteristic distance between dusts is also assumed to be sufficiently larg
than the wavelength so that interaction between dust particles is negligible. Using a lidar equation, we calculate a peak power
backscattering light from a dust cloud for various sets of the distance, the number density, and the dust radius. The peak pow
of reflection is generally stronger than noise level of the detector. The reflection from dust cloud is so weak that the targetec
number density of 10m~3 is hardly higher than the detection limit. Even at the lowest altitude, the reflection from a dust cloud
of 10-microns radius for ¥om—2 number density is equivalent to the detection limit. If the dust radius is 5 microns, number
density more than T0m~—3 is necessary to be detected. Therefore we plan to start the dust count operation from the HP and
attempt to conduct as much operations as possible at low altitude.
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Condensation of forsterite under protoplanetary disk conditions
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Meteoritic evidence indicates that dust condensation occurred in the early stage of solar system evolution. In this study
we succeeded in performing condensation experiments of forsterite under controlled protoplanetary-disk conditions, which will
make significant contribution to understanding silicate formation and chemical fractionation in protoplanetary disks.

Condensation experiments were carried out in the system gBMy-H,-H>O. A mixed gas of H and H,O was flowed into
a continuously evacuated infrared vacuum furnace at a controlled rate to keep a pressure constant. Synthetic forsterite powc
in an It crucible was heated as a gas source. A part of evaporated gases were condensed on a Pt mesh located at a cooler re
in the chamber. The pressure and temperature conditions were close to those of protoplanetary disks. The total pressure of t
system was 5.5 Pa, and the substrate temperature ranged from 1320 to 1160 KOVhle Htio was set at 0.015, which was
about 15 times larger than the solar ratio. The Sigrétio was evaluated to be about 0.7-2 % of the solar ratio from the weight
loss rate of the gas-source forsterite. Experimental duration ranged from 6 to 237 hours.

Sub-micron to micron-sized condensates covered with Pt substrates at 1160 and 1275 K, but no condensates were found
1320 K. The typical size of condensates at 1160 K was less than 1 micron irrespective of experimental duration and no effectiv
growth of each condensed grain was observed. Condensates at 127540fhours partly had several micron-sized flat regions.
EDS analyses showed that chemical compositions of condensates were consistent with the stoichiometry of forsterite, and the
EBSD patterns were well fitted with the patterns from crystalline forsterite. Coincident EBSD patterns were obtained from the
flat region of condensates at 1275 K, suggesting that the area was covered with a single crystal. TEM observation of condensat
at 1160 K also found that the condensates were polycrystalline forsterite with a thickness of 30-150 nm, and infrared absorptiol
spectra of condensates show clear 10-micron absorption features resembling those of crystalline forsterite. These eviden
indicates that polycrystalline forsterite condensed at 1275 and 1160 K.

The mean free path of gas molecules under the present experimental conditions is less than 1 mm, and the evaporated forster
gas and the ambienta-H,O gas are expected to be well mixed. Supersaturation rafpfo( experiments at 1320, 1275, and
1160 K are thus estimated to kel.2, <10, and<1000-2000. These supersaturation ratios correspond to the supercooling of
<5, <60 and<170 K, respectively.

No condensates were found at 1320 K because the degree of supersaturation was too small for nucleation of forsterite «
even the vapor was not saturated with forstere:(). The condensates at the supercooling<@70 K (1160 K) imply that
heterogeneous nucleation of new grains occurred successively on preexisting grains. On the other hand, with the supercooling
<60 K (1275 K), some grains seem to have grown up to several microns, and some seem to have newly nucleated on preexistil
grains, suggesting that both nucleation and growth of each condensate occurred.

These differences would result in a structural difference in forsterite dust condensed in protoplanetary disks. Fluffy aggregate
of sub-micron sized fine particle would form with a supersaturatior D00, while aggregates of micron-sized grains would
form with S of 10 that could be an analogue of amoeboid olivine aggregates in chondrites.

F—U—F: THIVATIA b, KHEE, iR
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A New Experiment for Organic Molecule Formation by Catalytic Reactions on the Sur-

face at Low Temperature and Pressure
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Abundant H, CO and N gases react to be more complex molecules mainly on the cooled surface of cosmic dust particles in
the molecular cloud and/or primitive solar nebula [1]. The production of organic molecules and subsequent evolution to organic
materials in the solar nebula may contribute to the primordial organic system of the Earth. Catalytic chemical reactions are
possible production pathway of organic materials in the solar nebula after the formation of simple molecules on nanometer size
cosmic dust particles in the molecular clouds. Experimentally, organic molecules ranging from methapes(itthe (GHg),
benzene (gH;g) and toluene (€Hg), to more complex species such as acetongi(©), methyl amine (CkINH,), acetonitrile
(CH3CN) and N-methyl methylene imine €NCH,) have been produced using such as the Fischer-Tropsch type (FTT) and
Haber-Bosch type (HBT) reactions on analogs of naturally occurring grain surfaces [2]. Previous studies were performed a
higher-temperaturex573 K) and pressure<(1 atm) than the expected conditions in the solar nebula [3-6]. However, since the
actual environment is at lower temperature and pressure, it is not clear whether the previous experimental results can be extrar
lated to the solar nebula. Our group seeks to elucidate the reaction rates of chemical reactions including isotopic fractionation :
lower temperature (100-500 K) and pressure ¢+@0°) and their contribution to the primordial organic system of the Earth.

We are constructing a vacuum chamber based on a new concept to conduct the experiments mentioned above. The cham
with a differential pumping system has a temperature-controlled substrate, a Fourier transform infrared spectrometer (FT-IR)
and two quadrupole mass spectrometers (Q-MSs). The substrate has an iron or silicate thin film for FTT and HBT reactions an
the FT-IR measures the vibration modes of adsorbed and produced molecules on the surface and the Q-MSs detect volatile a
nonvolatile molecules, respectively. As a result, reaction rates of molecules such @OHN, and NH; on iron or silicate
substrate will be obtained as a function of temperature and pressure.
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Dust movement and chemical evolution of proto-solar disk

IKIE AR T S e !
NAGAHARA, Hiroko!* ; NAKATA, Mamoru! ; OZAWA, Kazuhitd

VK T

!Hiroko Nagahara

KBRS 2 RliR d 2 7o IR E NI R BRI IE. RIMKRESLRNOMBROBINC X > THEM N
AN, EFEETHEL TS, 5, WERENAIRE . HERCRCRT 2BAPHREIC K > TR SN HERL, &
BEOERPVENDDR TR EDDIIICK > THREL TE, KFROEEGEEZ RIAS % L TIRGIIAOE IR Z RFFd
DYVERAVEEE . PSRV OYPLERICHINE S5 2 5 20, ZODIIILZEYEETIVD Iy T VT e
RAIRTH B,

JFUABE RIS B 2V L L2 E LU CHRT 2728, ARIIFERICHE N T, FIAERERMHBVIIHOR DL
R ZFULEDN S DO E UTHIEL., BhTOMBNOYENBE 2B % 2 LT, MHBNOR 7O
DIFZERZE L 2R3 2 & ZHNE Lz,

T, L2 PR & X A MR FRBIRILBUTIRENZ AR L%, BUIEN PGS KD, FIBNOSYIIAN @
WU B EEROMBRZIE L, ZOMBIIBEINCEDZLLAEVEDE Lz, SR FOEMIE—IOCEH o M2
EL, ZTIVIT RCK BB E UGB LTz, FIHICAMNCAFIE S BRI i D 7 DI FE PR ICHTE U7
KAEFFO—75, SMUOR 3 RME R Z & D, RT3 E & &I, k& L TR mABHEd 20, LR
ORI K O N E DD EFET 5. NHIOEFME TR U7k 1 &AMl R R 2 Z TR 1 L DR
BT Ui,

FHTEOMR, RO EMHLNER ST, (D) KFldeke UTIEREIMANBEIT 5728, FBNR1OfR b2
ik, SRR B O THBMINE ERMMEE x5, Q)FFEDMBICOWNWTHS L, RRIRGE L & IR E &
%o () MBmAENE, REMEZ/ ST A—2L UTHETUASER, SiROMEBZE, MEBNRIESOMRDIARMEE D
ICEEHWMZ 5N S L TORRIMNEL 55, TNIEERDOMERIZ E2(b Uz LS ERGEED AN 5 T2 8, SHMAGEIED 5 &
HMEHR DR 7D BE)T 2 DICKBZET 5720 TH %,

INEDOMRZ CHOY RT A MOMKEHIR LTz T A, TN S CV, CO, CMDJEFICHK I KT it
AL 2 2EBDEET B 0D T b oz, ERAWIIUCKD, NEERIIBNTCRIaY RS A MEAKZIED H
I lzdIciE, YIS EREED L AN - Mg, HICRIFICHEREERDA B3 LW ETHAH T ENHE N E
Tz,

F—T— R JFHARE R, LA, XA S BE), FiEHE
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