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In-situ observations of sublimation processes of snow crystals
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We observed snow crystals using specially designed experimental systems in hand-made igloo-like snow
laboratories at the base of Asahi-dake in the Taisetsu area, Hokkaido, Japan. The altitude of the
observation site is approximately 1100 m. We visited the site at the end of January or beginning of
February in 2015-2017 and stayed 8 nights in total. The temperature range in the snow laboratory during
the observation is -6 to -11°C in general and the humidity has been naturally controlled close to 100%
because all the walls of the laboratory made of snow.

Our experimental systems are composed of the environment controlled cell and the Mach-Zehnder-type
laser interferometer or the Michelson-type white-light interferometer microscope with a long working
distance, and the optimized color-filtered optical microscopes. The aim of the environment controlled cell
is to control the growth and sublimation of the snow crystals. To control the temperature inside the
environment controlled cell, the cell has been sandwiched by two Peltier devices (26 mmf x3.7 mm)
attached with a copper plate with an opening (10 mmf) at the center for optical observations. The
opening is covered by a glass plate. To control the vapor pressure of water inside the cell, an evaporation
source of water vapor has been prepared at the bottom of the cell. The temperature of the water source is
measured by a chromel-alumel thermocouple. A snow crystal is stuck on the tip of a glass rod smaller than
T mm in diameter and inserted into the cell from the roof of the cell. Temperature near the snow crystal is
measured by a platinum resistance temperature detector.

We collected snow crystals directly on a black felt just outside the snow laboratory and selected a snow
crystal, which was put onto a glass plate for general observations of the shape and surface textures or
onto the tip of the glass rod to observe sublimation and growth rates in the controlled environment. In this
presentation, we will report our attempts of in-situ observation and results including sublimation rates of
the snow crystal observed using our experimental systems.

Acknowledgments: We thank S. Nakatsubo and Y. Sato of the Technical Division in the Institute of Low
Temperature Science, Hokkaido University, for their help in the development of the experimental system.
This study was supported partly by the Grant for Joint Research Program of the Institute of Low
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(15H05731).
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Crystallographically Favored Attachment of Just-Nucleated MoO,
Nanoparticles in Gas Current
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Nucleation and subsequent growth processes via homogeneous nucleation in vapor are enigmatic. To
investigate evolution of phases, chemical composition and shape of just-nucleated nanoparticles in
cooling evaporant, we developed a noble experimental apparatus that enables in-situ spatial scan of
nucleating and growing nanoparticles with transmittance FT-IR spectroscopy. Here we experimentally
show direct evidence that molybdenum oxide nanoparticle, just-nucleated from evaporated vapor, grown
via attachment with crystallographically favored orientation in a gas current generated by the evaporation
source. Just-nucleated nanoparticles showed characteristic IR absorbance of needle shaped MoO, and
gradually changed into that of cubic and polyhedral shaped MoO, in ascending gas current. Each IR
feature is consistent with that obtained by ex-situ IR measurements and morphological evolutions of
collected nanoparticles. All needle, cubic and polyhedral shaped nanoparticles are attributed to MoO,
with monoclinic crystal structure. The needle shaped nanoparticles are always elongated to [100]
direction. Some particles, collected at growing zone, were partially attached at perpendicular planes to
(100). We consider that the needle shape is the result of anisotropic growth of just-nucleated
nanoparticles in supersaturated vapor. Then, the attachment between needle shaped particles
fortuitously collided with the favorable orientation resulted in formation of cubic and polyhedral shaped
particles in a gas current. These findings enrich the view on the pathways in nucleation and growth in
vapor and give new insights into inter-particle forces that drive oriented attachment growth.

F—U—R HERENR. FVIVTYRTIYFATR
Keywords: Homogeneous Nucleation, Oriented Attachment

©2017. Japan Geoscience Union. All Right Reserved. - MIS11-P0O2 -



MIS11-P0O3 JpGU-AGU Joint Meeting 2017

IBIEKFRARICK 2 TKKEICE U 2BIEE D E DIZEZE
In-situ observation of Liquid Layers on Ice Crystal Surfaces Induced by
Hydrogen Chloride Gas
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Surface melting of ice crystals forms quasi-liquid layers (QLLs) on ice surfaces, and affects a wide variety
of natural phenomena. Since QLLs enhance various chemical reactions in ice clouds, the formation of
QLLs by atmospheric gases has been studied intensively. However, such studies were performed using
spectroscopy techniques, which have low spatial resolution. Here we show the first direct visualization of
QLLs on ice basal faces in the presence of hydrogen chloride (HCI) gas (model atmospheric gas) by
advanced optical microscopy, which can visualize individual 0.37-nm-thick elementary steps [1] and QLLs
[2] on ice crystal surfaces. We found that the HCI gas induced the appearances of QLLs with a droplet
shape in the temperature range of -15.0 ™ -1.5°C, where no QLL appears in the absence of HCI gas [3].
This result indicates that HCI gas adsorbed on ice crystal surfaces probably changed the surface structure
of ice crystals and then induced the subsequent melting of ice surfaces. We also observed the movement,
shape change, and splitting of the droplet QLLs when water vapor was undersaturated. The long-term
(one-hour) existence of the droplet QLLs under the undersaturated conditions strongly suggests that the
droplet QLLs were thermodynamically-stable HCI solutions. In addition, we found that the HCI induced
droplets were embedded into ice crystals by growth of ice crystals and the embedded droplets appeared
again by evapolation of ice crystals. These results shows the possibility that ice crystals can store large
amount of gas components as fluid inclusions.

[1] Sazaki et al. (2010) PNAS 107, 19702.
[2] Sazaki et al. (2012) PNAS 109, 1052.
[3] Nagashima et al. (2016) Cryst. Growth Des. 16, 2225.
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Numerical study on crystal growth hysteresis in spiral growth

=5k
*Hitoshi Miura'

1. BEEMURFEARFRY A7 LBABREHAR

1. Graduate School of Natural Sciences, Department of Information and Basic Science, Nagoya City University

ATFY T - A4 FIIRE, BEBRRICEIT2RXENLYEBROVEDTH D, BRRAICIEEFR
T=IDEI&=FHIRE (RTv ) MEEL, ZIIKRFPOFIRYAEND I EICE>TRT Y THE]
L, EEFA—BI>BALTFONATV (BREETIV) . 2T, BRERRAHD=ZXL%EHBET BIC
&, ATy TOBBANZZALPR Ty TRIERE RO ZMEL BB T 2UENH D, RARTIE, E&E
HICRE LT ErER Ty TEDHEERICE > TBIERI IS TREERXT YV R] ICEB LT

RERERT) DR &, EREERED (BIZIE, BENE) 2RI &BMIEALEZLT, ER
BMREEDERENER DMK TH 5, u<o#@%mtxm%®maébﬁhﬁbrﬁﬁtzrU/zﬁﬁ$
INTWVWBRZEDNDL, ZIIKIFBRALHDODEEMBRAMAIRNMEBL TWE I ENTEBINDG, E>T, K
RERATV U ZADREANZILERPTEZ &1, BRARICHS T2 TMINDROERICEN D, RRER

TUVYZADERE LT, BREAICHBLAEZTHAETERT Y 7EDEEERIREFINTE 2, BED
ERALIETWCE, ATy TEERENMETL, ZhICK > TREFRHMYAEML, TSI SICRTY T
EEREDETEBLEVWIRIY T AT - T4 =Ry JIC& 2T, ATV TORBEHIRAEFEILET S (HF R
fOZ 1y I%F) . OELEUVRTY TRIENEILLET 5 E, FHYIOMRBERE DN TEIET % £ TREARAHY
MBS %, ZDRD, RICERFAZEBIMLTERIRIRAT Y THBHREILAEWV, T§ADE, EXFTYIR
DNENDZEICRD, TORTY TRIERE & REFNMANEOHEKEFEFREEEEBELUCE SV TER S
h, HHBHENERBICEVWTELRZ2EROEERIEET A E’BHELME R[], T/, FHEHEUN
BRWIIRWRENGBRREAEE LABEHEICK > T, BHEERHIEET 2 BBMERABICEVTR
Ty TAEEEDERT Y Y ANBIREINE[2], LHL, RRERATY YRR Ty TRIEEREL (T TA
{, BROEREEEICEWTHHBRINTVLS, @ERAREEIX, AT v TRERELIFITRLS, A7y 70
HIABICEIRET 5, T2 T, AETIE, RRWAREFATHLIOEARREEEL, ERREEICHS
TERRERAT Y Y RICDWTHARE,

BUBEEtEEE LT, 72—X714—JLK (PF) ZE&EVTAHMLO (MC) EEHAEDLELETIV]EZH
Wk ZOFETI, RFv T - Y4 F+IJRAAPFET, BRERAICSITET7 VY LARTHY RS %
MCETHE<, HREICIISHAEMNEVEDEAL, EHRMICSBARTY THEBEINDZLSICLE, @
HRREEE LT, TP E><KBRBELTVWAVERKREZARL, BROREK S MY ORRBERE % IS
i, BEE EHICABNEZ—EXTHROIE, Z0%, BMIEZ2EWVWIHSM7IL%EYIRL, EREE
EOBERERANT-, BRANELRIIELEE, BRREERHZ2BBRMEICSVTRBUIREAL, FEFELE0O
t@oto%mﬁﬁ%ﬂﬁ%EMéﬁtts,E&Eﬁﬁm%éﬁ%ﬂﬁkbut%ﬂkEMb,Tm%ﬁ@
WeEERBEETOEELE, CORBHNEDOLITHIRERICLIZARREEDRF AL (¥R MO
74/7#m)m WENOH A JIICBVWTHRR I Nz, REREENRBISED T 2 & Z0BHBMNE

IZ, BRIENT2EZOBREMNEEIZESNMIER>THEY, EXFYIANBHREIN-, ARREEDR
BARZENE L 2BRMEE, FHEBEROFELIFF—HLE,

DEDHERLY, HROERREEICESNZERT)IRE, A7y TREREERAKOA D=L TE
LB ENBEALINER D, TR, BREREICES T2 HMYD NEVW] RERE, kU, BRERHDICEK
ZEERT Y TOEZV MR TH B, ERTY VAN RNLBRNEDE P ZDOEHEIK, X7 v THEPLT
MYREERE ICE T 2YEBENSEHETE S, ERT—IELURTIIETRERADYIESDHEHNTREIC
nBEHEFEING, T2, ATV T A FIVRICBTETMYDROERELERT I THS,

©2017. Japan Geoscience Union. All Right Reserved. - MIS11-P04 -



MIS11-P04 JpGU-AGU Joint Meeting 2017

& Xk : [1] H. Miura and K. Tsukamoto, 2013, Cryst. Growth Des. 13, 3588-3595. [2] H. Miura, 2016,
Cryst. Growth Des. 16, 2033-2039.
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Direct TEM observation of pozzolanic reaction of silica fume in Ca(OH)
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Glassy materials, such as fly-ash, silica fume and volcanic ashes are industrially used as resource materials
of concrete aggregates, applied for cement-solidification technique. As a concept, advantage of utilization
of these materials is based on their relatively higher solubility than crystalline materials. Until recently,
there are numerous studies to optimize the solidification condition with cementitious materials involving
alkalis and water. Currently, a number of concretion methods was proposed and still developed for
construction. More recently, classical cement-based method is evolving to geopolymer technique, but the
early reaction of concretion is essentially common because the dissolution is always prior to precipitation.
In order to precise and optimize the concretion condition, we carried out direct observation of concretion
using TEM equipped with newly developed cell (Protochips, Poseidon, e.g., Yamazaki et al., 2017) which
is specialized for liquid-bearing samples. System comprised of silica fume, H,O and Ca(OH), solution at
room temperature was investigated in nanometer scale.

As the result, silica hydration can be detected semi-quantitatively from TEM images. Silica spheres in H,O
are expanded and reduce their integrated contrasts, suggesting simultaneous hydration and dissolution.
The expansion was monitored for observation periods over 4000 s to be in the velocity of 9.2E-3 and
3.7E-3 nm/s at zero and 1.0 ul/min flow, respectively. Their dissolution rates were measured to be 6.5E-5
and 2.0E-4 mol/m?/s, respectively. When we switched the solution from H,O to Ca(OH), (equilibrated at
25 degC(), the silica spheres start fast expansion again in the velocity of 2.6E-2 nm/s, but dissolution rates
were extensively reduced over the measurement period of 2400 s. During these expansion processes in
Ca(OH), solution, silica spheres were not only expanded but also accompanied with precipitation of film
to veil-shaped CSH (calcium silicate hydrate) phase which is surrounding the spheres. During propagation
of this CSH phase in the velocity of 5.3 nm/s, the spheres were getting porous and losing its original
density explained such by so-called “shrinking core” model. This should be interpreted as the true
process of so-called “pozzolanic” reaction. Parallel to the in-situ observation, we reproduced the
observation with ex-situ method on a batch reaction system held for 3000 min. It clearly exhibited that
spheres after 60 min started 2-D nucleation of unknown phase, then filmy to veil-shaped phase
successively developed and enclosed the original spheres together. Elemental analyses with FESEM-EDS
represented that the Ca/Si ratios of these secondary phases increased from 0.1 to 0.2 with curing periods
(20 to 72 h), probably due to the systematic dissolution/precipitation balance. This can be interpreted as
the essential process of cement solidification. Thus, colloidal glassy material can be aggregated and
evolved to be self-consolidation state in alkaline solution. Classical knowledge of pozzolanic reaction can
provide us an important information about controlling and evolving the colloids to hard materials.
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Specific surface free energy of graphite crystals
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