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In interstellar molecular clouds, various molecules (for instance, H,0, NH,, CO, CO,, and so on) are
formed from elements such as H, C, O, and N [1]. Most of H,O exists as a thin shell of amorphous ice
around dust grain. The molecules undergo chemical evolutions to organic molecules through various
processes on the surface of amorphous ice [2]. Thus, the surface structure of amorphous ice is an
important factor to understand the molecular evolution of organic molecules in molecular clouds. To
investigate the effects of adsorption of ion on the surface structure of amorphous ice, the molecular
dynamics (MD) calculations of amorphous ice with NO,™ were performed.

The MD calculations were performed using an atom-atom potential model, KAWAMURA potential model
[3]. The amorphous ice was prepared by quenching of a liquid phase consisting of 2760 water molecules
from 280 to 235 K with 2.5 K/fs in cooling rate. After annealing at 235 K, the system was cooled to 10 K.
The density of amorphous ice at 10 K was controlled with the time period of the annealing at 235 K. To
equilibrate the fundamental cell, the MD code was run for 40 ps at 10 K. Then, an ion (NO;") was putin a
position, such the center of nitrogen in ion was at a distance of 0.5 nm from the outermost hydrogen atom
in surface. An infinite surface was simulated by replicating the cell in the directions parallel to the surface
using periodic boundary conditions. The pressure was kept at 0.1 MPa. The layer with 0.5 nm in thickness
from the outmost atom was analyzed as the surface layer.

The result shows that the atomic displacement parameters (ADP) of oxygen and hydrogen of water
molecules in surface layer increase during the adsorption of NO; . The values are diminished with
formation of hydrogen bonds with surrounding water molecules, and gradually approach the values of
pure amorphous ice without ions. For surface with NO, ", three oxygen atoms of NO;~ form hydrogen
bonds with hydrogen atoms in dangling bonds of water on the surface layer. When an ion is adsorbed,
surrounding water molecules rotate to form hydrogen bonds with the ion. Thus, the rearrangement of
water molecules occur even at low temperature. The result indicates that the thermal vibrations of water
molecules are enhanced with adsorption and diffusion of ions on the surface. To investigate the effects of
ion adsorption on smoothing of surface roughness, the potential map of surface layer were calculated.
The results show that the potential map charges with a collision of ion on a convex position, whereas no
charge was observed when the ion adsorbs on a concave position. This indicates that the smoothing of
surface roughness of amorphous ice at low temperature results from ion collisions. The effects of ion
adsorption might have important implications for surface reaction in interstellar molecular clouds.
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Surface Structures of Forsterite Crystal and Glass

TR ER SRR AT

*Junya Nishizawa', Tomoko Ikeda-Fukazawa'

1. ARERFRETE2MARISREESH
1. Department of Applied Chemistry, Meiji University

In interstellar molecular clouds, elements such as hydrogen, oxygen, carbon, and nitrogen deposit on dust
grains, and form various molecules (e.g., H,0, CO, CO,, NH,, CH,, H,CO, CH,OH, and so on). These
molecules undergo chemical evolutions to organic molecules through various processes on the surface of
dust grains [1]. Forsterite (Mg,SiO,) and enstatite (MgSiO,) have been observed in interstellar molecular
clouds and young stellar objects [2]. Although various studies have been performed for bulk structures of
forsterite and enstatite, their surface structures are less conclusive [3]. To investigate the surface
structures of forsterite in crystalline and glassy states, molecular dynamics (MD) calculations were
performed. The surface structure is one of the important factors governing the chemical evolutions in
interstellar molecular clouds.

The MD calculations were performed using an atom-atom potential model [4]. The potential parameters
were empirically determined by constraining the model to reproduce the experimental results of density,
thermal expansion coefficient, and bulk modulus [4]. The glass structure was prepared by quenching the
liquid phase consisting of 2400 Mg,SiO, from 3000 K to 10-1750 K with 2 K/fs in rate. An infinite surface
was simulated by replicating the cell in the directions parallel to the surface using periodic boundary
conditions. The pressure was kept at 0.1 MPa. The MD code was run with NTV ensemble at each
temperature for 500 ps with a time step of 0.5 fs. The layer with 0.5 nm in thickness from the outmost
atom was analyzed as the surface layer.

The result shows that the melting temperature of forsterite crystal with surface layer was 1927 K. This
value is lower than the MD result of bulk state without surface (2418 K [4]) and experimental result (2171
K [5]). This depression of the melting temperature is attributed to the structure and thermal vibrations of
atoms in surface layer of forsterite crystal. The nearest Si-Si distance, which was analyzed using the pair
correlation functions of atoms, for surface layer of crystal is larger than that of internal part. Furthermore,
the amplitudes of thermal vibrations of atoms in surface layer are larger than those of internal part. The
results indicate that a surface layer with low density and high thermal vibrations exists in forsterite crystal.
The amplitudes of thermal vibrations in surface layer increase with warming and approach the values of
the bulk state at its melting point (i.e., 2418 K) at around 1927 K. This induces the depression of the
melting temperature for system with the surface layer. For glassy state, a surface layer with short Si-Si
distance exists, although the amplitudes of thermal vibrations of atoms are large in comparison with the
values of the internal part. This inverted tendency may be resulted from an inhomogeneous structure of
surface layer in the glassy state. The surface structures of crystalline and glassy forsterites have important
implications for adsorption, diffusion, and chemical reaction in interstellar dust grains.
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KFEIY R4 MEXBROBRMDIEZERETES., KPRFRBEDERMERD ESATWD, ARH
REBERED—AT, FEAEDRFEIAY RSM MHEKIEPDERF DI ENS, BREATOKELEARR
LTWBEEZLNTWS, BRAFDRFZEOARENEEME LTHEEL. AILAVEEYT I /BAREDLERY
B FRIEEMTHZABMEEHYI(SOM, 17°30wt%h)E. BLF CEMLEEAF OTAEEED(IOM) IS
FInd, KA TOLY-EEMEEERIC. KEEZEIFEEEZTW I ENTEBIN., KIBERTOEH
MOILEEC AR T B7-DIC, SPOBRENEASHNCTINENH D, KFRTIE. 2FETCHERHEEINS
EEANFTHBT7VEZT(NH), HILLTZITE RHCHO), 7t 7Tk R(CHCHO). 7OoEx> 7
7 & K(CHCHO). 7+t b~ (CHCOCH)ZR¥HICAWTERRXRA LORIEZ &R L - BHYMEKER%E

T-o7=

[32ER]

KA E LT, NH(1710)/HCHO(0.171)/CHCHO(0.0170.1)/CHCHO(0.0170.1)/CHCOCH(0.0170.1) %
B RELLFEIMNIZ EILLL) ICAR L -6 BEDORIGARIC. $54(Forsterite(San

Carlos). Magnetite(Utah). &R Forsterite) R IERE T 1 BIE(MgSIO)MEKREMA., TNhETNhEBRAR
BRLEZT7 Y TILRT60780C, 1447 1928FEMER L7, SEMID. BHMERNDHEL AN D -DIZHME
PEELBVROEREREL ., G20 EORISERNEBIEAFL Y/ AS / —IL(2/1 FFELL) THH
L. @&k sO~x NI Z5 71 —BEDWEITo 7,

fER & ER]
SEXRBELEZLTORIERICBEWT, FILFILEY TV (CH, N). ZILFIL1IFJ—IL(CH, N, ~
FHAFLYTIIIV(CHLN)PEETELERER Y TH o, T RAELAHMAC H,, N,OT
RINZIEEMEERERME LTHRESI N, ZILFILEY DY, PILFILAIFTY—ILICDOVWTIE, KK
BREANSHMEEINT W 3S(e.g. Yamashita and Naraoka., 2014), — A, ANFHXFLVF NS I VIFREE
FEBAMNSDREFITLVAS, BEETOERAMRBHICLI2BEBREBERYHSERLERYE L THRESTW
% (V. Vinogradoff et al., 2011), JESRE /S 1 ERIE. Forsterite(San Carlos) ZETDRTIEIAFHXFL VT b
SIVOEREMNBDL. PILFILEYI Y, FILFILAITY—ILOERENEM L, HIC. FERET A
BB D FETCEILERYE TH 5 (Kemper et al.,, 2004)Z &N 5, KA TOEMYTEKRICEELEE 2R
LTWEZENTRBINS, RIGHFBEAEY. RIGICK 2EMEOE{LEZBELMCTEHIC. 51 EER
PUETH 2,
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KIBRICE T BBRENREZERE L DORFREBADERERD ICIETEEYCKIEETNTWS, FBREHE
MICIET I /B PRERIEE L EDERBEEN FNEENTE Y (e.g. Burton et al,, 2012), LR DEREDER=H
SMRINTE 2, REROFETIE, —BWIC, BEMKREAREZ/70 N 571 —2RAVTUBERAERH %
LTSN TERL, LHL. BBERERAAEAIFEEERK - SMERICEVWTARE—THE N, BRI LEEHR
TIZEYHEBAR EORFNABRIIEODNTLED, FEAEDEAITIRRAEALTKEENREZRRLTWS L
H, BEMENYE OREZIERET S EIE. KA TOERMDILFEELARBT B/-DICHETHD,
512, FBBEOEMMOMIEERY Y TINICEBAIND %, ARETIER., SRELRSF/REI/OT NS
7 7 4 —(nanolLC) & B REEE B DM(HRMS) 2 AW T, HIRAME BN FOERYOHOREFEEBEMNE LT
w3,

(B & D FiE]

KZFREPEA 2 F&(Murchison, Murray:CM2) DHLF (#9300~900 um, 0.168mg~2.392mg) %= X ¥ / — )b
SuLITiRL. BERMH., £ BRICLI2MHEET o2, ZOHMERT uLlinanoLC/HRMS(m/Am
=~140,000 at m/z200) Co#rL7=. 1 # ViRIZILESI(electro spray)Z= B\, DBEICIZCISHHEH T LB &
UAmideh Z A% BW, REERICIETE M= NYIL/K/FERREBWE, il - DFETRTIZY—VIL—~A
ATITo7=

(ER & ER]

FRLEAMAFREICBI > Ao OFIETREONAN o7, CHNPCHNODHM % £ D{tEY
NERESIN, 1 FVEEN14.0156 (m/z-CH,-) $O2EAZIEPYRIVAY N LORFRFEDT
nhs, IhSRE7LVFIVEKRETHZ EEZOND, AEREOKREIZLITHIREE—BLTEY
(Schmitt-Kopplin et al., 2010; Yamashita and Naraoka, 2014) . 7L L#ENIEXREN T % kREBRRIGH
BIoTWBZE%ERBLTWS, MurrayBBEH 51EC H, N(n=5~26), C H, ,N(n=9~28),C H, N,
(n=5~23),C_H, ,NO(n=3~20), C_H, ,NO(n=9~12), C H, NO(n=6~26)DRKEFEERETZIENTE
7z F7-. MurchisonfgEH 513C H, N(n=5~24),C H, -N(n=10~26)DRAKFERET 2 &HTE
oo TNETNORABKEDRFRFEHEIZBEARBICELY, BEPARMOFRHE—MHE2RLTWVWS, £ T
H—RomEaE ORENrH D EEZAOND, BARBRFELOREBN /7O NI Z 71 —DL I BWRICK
DEBHPRICEHELTWSIE LAV, BEEBE AN E ORREMBIBTZDICIFT SRS
WMHPBRETH S,

F—7— K : AEEY. KFREIY KZ4 b, nanoLC/MS, FH—M
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For unveiling nucleosynthesis during stellar evolution, in-situ isotopic analyses of individual presolar
grains have played important roles. So far, we have been developing a new mass spectrometer, Secondary
Neutrals Mass Spectrometer (SNMS) with a femto-second laser, in order to enable further sensitive and
higher mass/spatial-resolution measurements. At the conference, we' Il report our recent progress of
development of SNMS and application to the analysis of SiC grains collected from Murchison meteorite.
As preliminary results, we detected isotopic anomalies of major elements (Si and C), which is consistent
with those of previous works. We will also refer the challenging isotopic measurements of other minor
elements.
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T. TDDFICL 2D TEBELFHEDORORKRICES LET.,. — KIS, MEIPKEZAMICARS EEFKE
BOBEEFRANPKRELAY ET, £z, EFRENMPBELAZREICARSZ S, TRIVF—DMEVREICAY X
T, BB, WONB TERERDEMARDEEL T OEH N TREICES T 2HBAICITIBRERIKRELA
5 EERDBEEOMROEGITRILET,

. FESINGEENER 2 L BERICERLCREINET, 2L T, BENM2.0x10%keaBR B LEN
MAEERENZRELEF T, RKELHBREFINSVWVHBRELZNVIAAETT, KEDPKELL BB EKRARDEN
BRIEDOKICR Y READORRZINEL X9, KEDKKR CTHALFAEAM L GEEBED TRET 2 D TRES D
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LEY, EAREERBFEOMEIZKRARDEANBRRBROLUAICEAKRENRR LIZETNIEHRTY, KX
FE—HADEETIERVWDT, BMEZRDOZROFLRICIEEFEOITHAHY., ZOMAUICEBDOEFR
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A6BEFRICARFOHROEBDOEEXRD I 7 ODMUDKRE THRMEN AT Y. BKMERIOTEFEOIT7HIIERL
L EEBAICEENIHHENEIMME > TVET,

L <& “https://youtu.be/Wi5G2F_pDXM ” , “https://youtu.be/BrzQAS2rr8Y” % ZEL 2\,
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A dust-forming nova V2676 Oph (discovered in Mar 2012) was the first nova to provide evidence of both
C, and CN molecules during its near-maximum phase and evidence of CO molecules during its early
decline phase (Nagashima et al. 2014). The derived carbon- and nitrogen-isotopic ratios in the nova
(Kawakita et al. 2015) are consistent with that the nova explosion was hosted by a CO-rich white dwarf
(WD) star. To confirm a type of the hosting WD (CO-rich or ONe-rich), we performed the mid-infrared
imaging and low-resolution spectroscopic observations of V2676 Oph with COMICS mounted on the
Subaru telescope in June 2013 and May 2014 (482 days and 782 days respectively after its discovery).
No clear [Ne Il] emission line at 12.8 micron was observed. Based on the absence of [Ne II] emission, the
WD hosting V2676 Oph is considered a CO-rich WD. Both types of dust grain, carbon-rich and oxygen-
rich, were detected on both dates, although this nova is considered as a Carbon-rich (C/O > 1) based on
the presence of C, observed earlier. The 11.4 micron unidentified infrared emission was also detected on
these dates. Non-equilibrium processes are likely to be responsible for the grain formation in the nova.
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Silicate is the dominant solid component in circumstellar environments. Infrared spectroscopic
observations have shown that both crystalline and amorphous silicate dust are present in protoplanetary
disks, and crystalline silicate dust seems more abundant in the inner warm region of the disks. This
suggests that thermal annealing of interstellar amorphous silicate dust occurred in the disk and changed
the dust properties of disk dust temporally and spatially with disk evolution. Some of those processes
occurred in the early Solar System may have been recorded in fine-grained matrices of less
altered/metamorphosed chondrites, which contain abundant amorphous silicates and a small fraction of
presolar silicate grains. Laboratory experiments help us extract the record of disk thermal processes from
natural samples quantitatively. We have done experiments on crystallization and hydration experiments of
amorphous silicates and evaporation and condensation experiments of crystalline silicates, focusing on
kinetics of these processes. In this presentation, based on experimentally-obtained kinetic data, we will
discuss the silicate dust evolution in protoplanetary disks.
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