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Nanobubble formation in gas hydrate dissolution process and memory effect of gas hy

drate recrystallization
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Gas hydrate is the ice-like crystal formed by water molecules (host lattice) and gas molecules (guests in the cages). Usual
the initial nucleation of gas hydrate requires the large super saturation (or super cooling) conditions. However, the recrystalliza
tion from the solution dissociated the gas hydrate crystal requires the smaller super saturation compared to the initial one. Thi
phenomenon is called 'memory effect’ of gas hydrate formation, which is expected to be used for the industrial utilization of gas
hydrates.

The mechanism of the memory effect has not been revealed yet, but several models have been proposed. One of them
considered that the cage-like structure is remaining in the dissolved solution even after the crystal dissociation. We consider tha
in addition to the host lattice formation, the condensation process of guest molecules would be required for the recrystallizatiot
of gas hydrates. It is because the guest molecule concentration in the crystal is much higher than the solubility in water. As on
of the possible idea of this gas condensation process, we consider that the nanobubbles would be formed when the gas hydr:
is dissolved. In the gas hydrate crystal, each guest molecule is encaged in the cage. When the gas hydrate crystal is dissolv
in the solution, guest molecule would be dissolved in the solution one-by-one. Thus the gas molecule aggregation formed in th
solution would be small, that is, becomes nanobubble.

The Nanobubble has several unique properties and been expected to apply to various industrial utilizations. The size of bubb
is so small that the nanobubble can be existed in the solution without floatation. Also the internal pressure of bubble is consid
ered to be very large, a large amount of guest molecules is expected to exist in the area of dissociation although the bubble
too small to be observed by an optical microscope. In the present study, we aim to confirm the existence of nanobubbles in th
solution after the gas hydrate dissolution. We used the transmission electron microscope to observe the nanobubbles by using 1
freeze-fracture replica technique.
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TEM observation of dissolution process of sodium chlorate nanocrystals
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Recent years, we are focusing on nhanometer scale live imaging of nucleation and dissolution of crystals in a solution usin
transmission electron microscope (TEM) to know the fundamental processes. Since, basically, high-vacuum environment has |
be maintained in the TEM during the observation, sample is limited. To overcome the difficulties to introduce a solution into a
TEM, very ingenious graphene cell or specially designed amorphous silicon nitride membrane has been established and achiev
in situ observation of nucleation [e.g., 1-4]. As the results, several new perspectives such as, non-classical nucleation pathwa
coalescence and oriented attachment, in the nucleation process have been reported. Against the use of liquid cell, we used iol
liquid as a solvent instead of water to avoid evaporation of a solvent in the high-vacuum of a TEM [5]. lonic liquids have a great
properties for TEM observation, such as negligible vapor pressure and high electrical conductivity. As the result, following new
consequences were found after experiments of sodium chlorate nanocrystals.

1. Solubility-independent formation of polymorph.

2. Crystals do not dissolve smoothly but in a fluctuating manner.

3. New crystals form even in a totally dissolving system.

4. Ripening occurs but different from Ostwald ripening.

In case of Ostwald ripening, initially presenting larger particles grow as a result of dissolution of smaller particles. However,
our observation shows that ripening occurs with accompanying formation of new crystals, i.e., most of the initial crystals is
replaced by new crystals. In the presentation, we will show the difference of the dissolution process between in ionic liquid anc
water solutions, which can be observed by a special holder having a liquid cell for TEM observation.
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Dissolution behavior of compacted smectite clay
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Atomic scale in situ observation of cation exchange on montmorillonite surface
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Specific surface free energy (SSFE) is significant value to explain the morphology of crystal. The relationship between SSFE
and growth length of crystal face is considered to be proportional, which is known as Wulff’s relationship, and well accepted
for thermodynamic interpretation of crystal growth theoretically. Though Wulff’s relationship is well accepted for theoretical
analysis, experimental measurement of SSFE for crystal face is very few. According to Young's equation, SSFE of solid face cal
be introduced from contact angle of liquid on the solid face, and we observed SSFE of some crystals, for example, apatite[1]
ruby[2], and quartz[3]. However, the SSFEs of crystal face have wide distribution even for a flat face of the crystal. Such
wide distribution of observed SSFE was considered to result from steps on the crystal face. In this work, we observed SSFE c
natural fluorite crystal. Natural fluorite crystal was cut and polished for (100), (110), and (111) faces. SSFE can be separate
to dispersion component which results from van der Waals force and polar components which results from interaction betwee
permanent dipole moments. The polar component of SSFEs on (100) and (111) faces were smaller then have large rate
dispersion component of than that on (110) face, because (100) and (111) faces are polarized face. Although the SSFE of re
crystal is calculated from macroscopic value such as contact angles of liquid droplets, the SSFE reflects microscopic surfac
structure such as steps and the ionic morphology of the crystal face. We also observed SSFEs of apatite and fluorite crystals
order to demonstrate the effect of steps on the SSFE. Contact angle of water and formamide droplet on crystal face was observ
using digital camera. SSFE was calculated using Fowkes approximation and Wu’s harmonic mean equations. Though the cryste
we experimentally obtained were growth form, the relationship between SSFE and the growth rate was almost proportional, whicl
looks to satisfy Wulff’s relationship qualitatively.
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Numerical simulation of step dynamics: Quantitative formulation based on a phase-fielc
method
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RENZZATy AT Z AL E LT, 194941 S5/ AREBENIRR I Nz [1]. fERAICEENS S48 AdEN
ISR ETICEINL TS L, 2CAMLE LTAT Y TS IRICHET 5, SEAMGMIIHICZOERIC
BH UK 2728, KR AT v TGIRE UTER L, EMEHMEZTEEE LTEREREEKT %, SHAKE
BRI X AR E S B ORE . U TIRTINIC R SN TE D, KEICEFET % 58 AN OECRE, Burgers
N7 MIVOKFNAHAFT 5 [2,3]e BEL DO E OBEIFIEKIZ D S 5B AMEMIROR M ZINET A L ERETH S
[4,5], LML, TOfiTX, BcDX7y T0O%FZGRT %2 LI TEEV, HEOMBKEICHBWTIE, Wi
D5 AT ORI U7 L—TIRAT v TR ENTZD, “ITEMIBIRIC &> CTATw TRICHi T2 5 ATy 7
MR ENTZ0T BT LB [6], L DAT v TORBAKERREI KIETHELRI ST BT, THDORT
FORAF I AR RIS FHEAREETH S,

AWFETE, 7x—AX7 1 —)VRE (PRE) IKHEDE, ZRORTY TORAF I 7 AZERMCS T A AHER
BUEETEFEZIRE Uz, PRIER, 2BOAT vy TOMBEERZE—DAF— LTS T ENRERBEEITETFETH
% [7]o PFIETIE, MRMEOEIZ T 1 — A EMENZHFPEMTEET S, 72— A7y 7T (77 X) 12BN T
—EDMEZED, A7y FICBWTEEZEE DT I ADMEZHROIROM THfiNc B <, ARUFZE T, EEafEz b
ICHLO ANTz BT 3 OVF =Nz iz IicER L, BHI A VF—RDOFEIEN 5 7 £ — X5 ORFEE 2 (PF
FE) ZEH Uz, 51, SBEMEN NS WIRRICIBWT, ERRKRAT v 7O E D direct integration&i [3]
KXo TRE 2 (B IC—HT 2 X K@Mk LTz AFEZNRENZAT YT « ZA4F 37 ZAOREICH LT
B U, mREEEOFEREZ T [2,3] & L7z,

X7, EMIRAT v TORHERE ORAERH 21T, WO & O 1%LINIC R B PRS2 6 Lz, X
I, EERTARPIC B % “RTBORE « AR OBIHRIE 21778, FRORFHZ(ED Gibbs-ThomsowI R 5
TRENZAE—HIT B 28 LTz, ThU, AFEDIN ST ATy TOREREZ S IELFGbETEs T Lz
RLTWD, EbIC, ¥— MG 7] ZHOTSRBAMNZEAL, S5EAMREMIIC X 2 mREHREZH\z, Z
DFER, DEAMNIINT &“)O)izi%' B8 AMENIINRT THEES 556, L Burgers\Z b)L 2R DIEELD 5 AKEAL
WERE TN A TV S @%h%’hk“)b\“( fiEhrak [2,3] ZERNICHETE 5 & 2R LTz,

ARFFETIE, MR DB AMIRICH U TAT v 7« A F I 7 A2 FUENICIR S FEZRE Uiz, ATIETIE, PF
it BRI ) 72— MR RE TR T & T, ATy TS E 2 iR R E F D TERMICH
BPIBTEMTED, AFER, ATV T« XAFI7 AOH G FE2IRE T 257255,

SER © [1] F. C. Frank, 1949, Disc. Faraday Soc. 5, 48. [2] Burton et al., 1951, Phil. Trans. Roy. Soc. A 243, 866. [3] A.
A. Chernov, 1984, Modern Crystallography, Vol. lll (Springer-Verlag: Berlin). [4] A. A. Chernov et al., 1986, J. Crys. Growth
74, 101. [5] P. G. Vekilov et al., 1992, J. Crys. Growth 121, 44. [6] K. Maiwa et al. 1998, J. Crys. Growth 186, 214. [7] R.
Kobayashi, 2010, in Selected Topics on Crystal Growth (American Institute of Physics), pp. 282.
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Controlling surface tunneling reactions of solid benzene via surface structure
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Organic molecular solids including thin films and fine particles generally exhibit a range of crystalline phases as well as an
amorphous state. The dependence of chemical reactivities on their surface structure has attracted considerable attention bece
they play a crucial role in an almost limitless amount of research fields, ranging from atmospheric and interstellar chemistry
to biological and material sciences. However, despite the rapid accumulation of structural information about organic materials
the correlation between the surface structure of these materials and their chemical properties is not fully understood. Here, w
demonstrate that the surface structure of an organic molecular solid determines its chemical reactivity toward an adsorbate. W
investigated the following sequential hydrogen (H) atom addition to amorphous and crystalline bengéye (C

CsHg +H — CgH; E, =18.2 kJ mOTl, [Rl]

CsH7 + H — CgHs, [R2]

CgHg +H — CgHg E, = 6.3 kJ morl, [R3]

CsHy + H — CgHqo, [R4]

CeHip + H — CgH1q E, = 10.5 kJ mot?, [R5]

CsHi1 + H— CgHis. [RE]

E, is the activation barrier for H-atom addition in the gas phase. The radical recombination reactions R2, R4, and R6 are bar
rierless on the surface. In situ infrared spectroscopy revealed that cold H atoms can add to the amorphous benzene surface at
K to form cyclohexane (gH;2) by tunneling. However, hydrogenation of crystalline benzene is greatly suppressed. We suggest
that the origin of the high selectivity of hydrogenation by tunneling is the difference of geometric constraints; that is, the presence
of reactive dangling gHg molecules that lacks near neighbors on the amorphgti Gurface and the strong intermolecular
steric hindrance on the crystalling;ds. The present findings can lead us to a better understanding of heterogeneous reaction
systems involving tunneling, and also provide the possibility of nonenergetic surface chemical modification without undesired
side reactions or physical processes.
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Large molecular dynamics simulations of the vapor-to-liquid nucleation of water
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Phase transitions play important roles in many areas of science and technology. The classical nucleation theory (CNT) is th
most widely used model for describing homogeneous nucleation and provides the nucleation rate as a function of the superse
uration ratio and the surface tension of a condensed phase. However, many studies have reported that the CNT fails to descri
experimentally obtained results. In the case of water, the deviations between the nucleation rates predicted by the classical n
cleation theory and the experimental values are several order of magnitude.

Molecular dynamics (MD) simulations are able to directly resolve details of the nucleation process, and provide useful test
cases for nucleation models. Until now, many MD simulations examining the nucleation process of water molecules have bee
carried out [1-3]. Tanaka et al. [3] performed MD simulations of the nucleation of water vapor in order to test nucleation theories
with 4000 water molecules. The results showed that the classical nucleation theory (CNT) and the modified classical nucleatio
theory (MCNT) overestimate the nucleation rates in all cases. On the other hand, the semi-phenomenological model, which co
rects the CNT prediction using the second virial coefficient of a vapor, reproduced the formation free energy of a cluster within
10% and the nucleation rate J within one order of magnitude. The sticking probability of the vapor molecules to the clusters wa:
also determined from the growth rates of the clusters. The sticking probability rapidly increases with the supersaturation ratio S
which is similar to the Lennard-Jones system. For such low-S cases, we must estimate the sticking probability precisely for th
evaluation of J.

Previous typical MD simulations of homogeneous nucleation udel0® atoms. At low vapor densities, and therefore low
supersaturations, a single nucleation event becomes unlikely to occur within reasonable computational timeframes. Simulatior
with larger number of molecules allow for the occurrence of such rare nucleation events, and enable us to measure these lo
rates. Recently, we started the large-scale MD simulations the SPC/E rigid water model with LAMMPS. In the simulations, the
particle numbers are 1 to 120 million atoms (324000-4116000 molecules). We assumed NVT (constant volume and tempere
ture) ensembles and used a three-dimensional periodic boundary condition with different parameters of temperature T and initi:
supersaturation ratio S. Here, first results for the water are presented. We obtained the smaller nucleation rates by 4 order
magnutude than the previous studies.

[1]K. Yasuoka and M. Matsumoto, J. Chem. Phys. 109, 8463 (1998).

[2]H. Matsubara, T. Koishi, T. Ebisuzaki, and K. Yasuoka, J. Chem. Phys. 127, 214507 (2007).
[3]K. K. Tanaka, A. Kawano, and H. Tanaka J. Chem. Phys. 140, 114302 (2014).
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In-situ IR Measurement Experiment
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When we evaporate experimental materials in the atmosphere, nanoparticles condense from highly supersaturated vapor \
homogeneous nucleation. This technigue is known as the Gas Evaporation method. Nuclei must overcome energetic disadvante
of surface by making chemical bonds to form particles. Since energetic barrier for homogeneous nucleation is excessively higt
homogeneous nucleation occurs from highly supersaturated vapor [1-3]. In such conditions, precursors should grow following
kinetically feasible reaction path, which is deviated from equilibrium condensation. Furthermore, the size of nuclei is so small
that they show quite different physical and chemical properties from that of bulk material. Therefore, chemical reaction processe
and its properties during transition state of homogenous nucleation are still unrevealed.

For the purpose of examination of condensation sequences of nanoparticles, we investigated by a new experimental appara
named Free-flyingn-situ infrared measurement of Nucleating nanoparticles Experimental (FINE) system [4]. FINE system
is for gas evaporation method combined with FT-IR and enables diregitt IR measurement of condensation of 10-100 nm
nanoparticles via homogeneous nucleation from vapor.

We applied FINE system for silicate and titanium oxides and revealed that condensation proceeds through metastable phas
with non-crystalline IR feature, which is known as Ostwalslstep rule. Just condensed nanoparticles would be liquid droplet
and crystallization proceeded subsequently. In previous study, we succeed in measurement of IR evolution after nucleatiol
However, the information about precursors is still lack to understand condensation mechanism. We are now developing a ne
experimental set up for FINE system and going to talk about future work.

References
[1] Kimura, Y., Miura, H., Tsukamoto, K., Li, C. et al., 2011, J. Cryst. Growth., 316, 196.
[2] Kimura, Y., Tanaka, K. K., Miura, H., & Tsukamoto, K., 2012, Crystal Growth & Design., 12, 3278.
[3] Kimura, Y., Tanaka, K. K., Sakon, |., Nozawa, T. et al., 2014, Int. J. Microgravity Sci. Appl., 31, 130.
[4] Ishizuka, S., Kimura, Y. & Sakon, |., 2015, The Astrophysical Journal, in press.
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Application of the transmission electron microscopy to the study of the crystallization
process in a solution
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One of the powerful methods to demonstrate the crystal growth and dissolution processes is in situ observation using a micre
scope, because it can directly visualize these processes in real time. The crystal growth and dissolution processes in a soluti
have been studied mainly using various optical microscopies as a noninvasive technique. Some high resolution optical micrc
scopies is able to visualize the molecular-level structure on a crystal surface [1-3]. However, the lateral resolution of optical
microscopy is sub-micron because it is limited by the wavelength of a light source [1]. To resolve the crystallization processes
more clearly, the transmission electron microscopy (TEM), which has the nano-order resolution, is a strong method for in situ
observation. Recently, in situ observations of the crystallization processes in solutions under TEM have been energetically pe
formed using the liquid cells or an ionic liquid to adapt to the high-vacuum environment [4-6]. These observations allow us to
see the behavior of nano-particles and crystallization process of inorganic materials in a solution. Here, using the liquid cell, we
have performed in situ observation of the crystallization of a lysozyme protein, which is used to study the crystallization process
in a solution as a model material, by the TEM for understanding the processes of crystallization.

We used two TEMs with LaB6 filament at an acceleration voltage of 200 kV (Hitachi H-8100) and with field-emission gun
at an acceleration voltage of 300 kV (Hitachi HF-3300). For the observation of crystals in a solution, we used a “Poseidon”
TEM holder (Protochip, Inc.) combined with a liquid cell. The liquid cell consists of a pair of semiconductor-based plates with
an amorphous silicon nitride window and 150 or 500-nm-thick spacer to form the flow path of the crystallization solution. The
lysozyme was crystallized using NaCl as a precipitant in a sodium acetate buffer solution at pH = 4.5.

As a result, we succeeded in observing the crystals and amorphous particles of lysozyme protein using the TEM and the liqui
cell holder. In this presentation, we report the recent results of in situ observation of its crystallization process including the
growth and dissolution.
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FIIVRCIRE LTz & 2R 7 BhERO R E L A7
Growth and dissolution of the hydrogel-grown lysozyme crystals
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We recently developed a new method for growing protein crystals in a high-concentration hydrogel. Using the method we car
crystallize protein crystals with increased mechanical stability, as a result the crystals give us high resolution of X-ray diffraction
pattern. On the other hand the crystals contain the hydrgel fragments and the effects on crystal defects such as dislocations we
unknown. In this study, we slightly etched the crystal surface and estimated the dislocation density.

Hydrogel-grown and solution-grown LZM crystals were slightly dissolved by increasing the temperature, and their surface
morphologies were observed by laser confocal microscopy. The solution-grown crystals exhibited deep etch pits at 303 K, while
the hydrogel-grown crystals exhibited etch pits at a higher temperature (305 K). In addition, the density of the etch pits on the
solutiongrown crystals at 305 K was significantly higher than that on the hydrogel-grown crystals at the same temperature. Thes
results demonstrate that the hydrogel-grown crystals are more tolerant of temperature changes than those grown in solution.
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RFADOKNHHT X)L F—HT _
Specific Surface Free Energy of Celestine

FRIRE AR K R
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LFacluty of engineering, Shinshu University

The morphology of crystal is determined by the stability of each crystal face. Especially, Wulffs relationship is well known:
growth length of the crystal face is proportional to the specific surface free energy (SSFE) of the crystal face. Though SSFE
is theoretically discussed, experimental determination of SSFE is very few. We calculated the SSFE of some single crystal
using contact angle of liquid droplets. We observed some sulfates such as, gypsum, anhydrite, and barite. This time we observ
celestine (SrS04), and determined the SSFE of natural and polished face in order to discuss stability of each face. Though natul
celestine crystal do not have (001) face, the natural celestine crystal was cut and polished in order to produce (001) face. SSF
of (210) and (001) faces were 25.3 and 51.2 mN/m. SSFE of (210) face was much smaller than that of (001) face, indicating tha
(210) face is more stable than (001) face. Dispersion component which causes van der Waals force and polar component whi
causes permanent dipole moment interaction of SSFE were obtained separately. Dispersion and poplar component for SSI
of (001) face was 47.9 and 3.3 mN/m, respectively. On the other hand, they were 13.0 and 12.3 mN/m for the SSFE of (210
face. (001) face of celestine is considered to be neutral face and the dispersion component for the interaction between liquid ar
solid is dominant. Though contact angle of liquid is macroscopic value, we can discuss microscopic, as atomic scale structure c
crystal face.

F—U—F: KiFa, XKEAHBTVF—
Keywords: celestine, surface free energy
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On the relation between the origins of aragonite and transition temperatures to calcite
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AARIEIE . SEBEAICTE R E Nz R CEICIE A S R WYY - #ERREZ A L T0a L S5bNnb, fUkix
BNV LDEZEDCEDTHZHENAIE. WIRFE TR TROICLENTHELZE TH P EERIEYRE L L TEE
TN, ALARERSORENGER R EICBE U IR EZMICE BB TH 5720, TERGEIR BV FEEYD) ICX>TZD
LEWMNED K SIS 2 MIBBRFEO R TH 5, HIZIEHE &)1 (2014)1F. HEDH S5 NaohnEic X % FfiE
ANOEFIRE L. TSI H 5N & HENT 100CE< RN\ C EZ2HE L TED . Thidd SNaDfEsEICNTET
ZIKDBERL TS E LTS, TOXKD HRENALZEEDMIOEYIRIRDH 5NAICE R SN2 DO EHRS 2D,
IEEYRO S SN A EF Tz 2LREHOY > TS U T, &l X fRElHT (XRD) ZHWTdh S Nha—HiRA OfiEk
RS2 RE LT,

H oM —FIROOEBIREE. T XTOEYEEDS SO THE LTI E L TWaB K DI, EREIYH 50
BROBSNA LD S 60-100CEEK L I > TV e, BEAEMREKEYIOH 2 Y L) (2 UAA, AFFTTAA
TIRARA, AV FIV) ORITIEREIEY) & 1% & A ERI CHIHERBIRE R RT T EDHSNICE STz, TDT END, 4
HHRDH SN, HEHKROED EERTLETH S & —FRICE S 2 R0 HWHES, EiEEEYoY > 0
HoNA TR, EEFEBOMREMIOEYIRIEDO D 5 & K 40CIK < 725 Tz,

F=U—=F: HoNf, SR, R, BRI, X BREHT

Keywords: aragonite, calcite, phase transition, biomineral, X-ray diffraction
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)??F‘a’ﬂﬁ BB IC K B bariteDifdi ik = Z DI85
In situ AFM study on crystal growth of barite

SR 2t I R HEAN 2
KUWAHARA, Yoshihiro!* : MAKIO, Masatd

PIUNRE: « REARC A 2SAERFFERe, 2 JUNKRE: « REEBE A E S LA
LFaculty of Soc. Cul. Studies, Kyushu Uni¥Grad. School Soc. Cul. Studies, Kyushu Univ.

bariteld k4 RHNE AINERIRIC 00 9 S i b S8 /& Bafiblyl T, Z OV & THBHERIZHIERD X E/KIC I % Ba DHiiEk
BT A 7))V Oy bua—)Ld 5%, £iz, bariteDRE - I6f#1E. Bar 4214 2 PR K UESEMEE OB
EROBBMTCETH S RaA A VDML B R NIT T, bariteld, 7z, FEEXT—IVIITHO, Kicd 3
ZDHELWEIAIRE (Ky, =109 at 25°C) Dedd, fil. HA, KEEDEEY AT LT > TR MR TH
%, THOEXII barltef‘ﬁf#c‘:%naalﬂzﬁkﬁé'é’%}imﬂ&’@%% HDHVIFHMERSMMCT B T LI D EEE

D—DTHb, TNHLOHEEWZEEEZ T, AR INXT, )??F'ﬂﬁ?tﬁﬁﬂl%“‘ (AFM) Z D@54 7% 7z bariteD”
TAfR” BIGUCBET 25 R tED T E Tz, THUCH L, barited “fEERE" ICBIT 2072, ﬁz&%a&bﬁlﬁﬁ’]h%f%
WEBIDMRD THRV, AFM Z OHEIEGEZ V2R, ROGHEE D ELEAVEEV “TARR" SZERIC LEAR K D 3dy “FEsE"
HEOHDBHELNEWVS T EE, TNSICETAIEDEA TOIRWHEO—DICRIT NG5S, TT T, L.
barite (00D XM T 2E5KED AFM Z DGR Zi ATz, TTTlE, TNXTIKESNIHERZMET 5

bariteitkHE. 7 AU A - 20T FMA = N\LIIKFE T, RREFEHDD S TLEHOHM TH S, AFM FERFALA
Eﬁﬁc:%% 7 CHitcin (00D BEpHE A X, AFM RIS HEE LTz, BaSQ M@EIRIATRE T2, AFM BISKER|
ISy A NapySO, 38K U Ba(NGy), sk & Hli/KIC X DFHEE L 7z, W@EIME & A 4 Vol Yar/aly 7k
PHREEQCZ X W EIMHE L7z, AFM 523, Digital Instruments:#d Multimode SPML= v % $&# L 7= Nanoscope llI
TiTo Tz, FEERIEEER I Bruker AXS LSO air/fluid heater (Bio-Heatedp #&#; L 7z ikh L2 W T 7 o — 2 )b—ik
TITWV, WiRZT ) VR 7 TH 0.6 milhDFG#E T Uz, FEERIEE I 25 °C T, IREH#EIX Bio-Heater: Thermal
Applications ControllerC{7\>, 7z, RPNty b U7z HRERE (Cole Parmert) TR 2 BAH LTz,
EmEFa V2T - '—FZ2HV. B0 FLN—1d SigNy B, AF v F—Id J-headz Fv . EEHEI 274 HzZz2 38R
Uiz, 535, %0 LTz ARM ERBRIEZ R LEEEDH % AFM 2G5 7zdic, £9. kPt Wckizk 7z A L barite
i ERIGE RN SBISZHE L. ZD%., )LDk Zz BaSOMATR & AN ZMGa K E DB 211> 72,
WAIAE S = 3.5TD barite (00D EHEOFEMKEHRSIE, YIHAT v T O & BaSO #MEIFAR ZEA T S i FJ'J

DORIKEDRIETIERENTzZy F Y " EHDZ T LICK > THE SN, “IOTIER R EZDMOBERIFBLR X
BT olee AT Y TOhiHHE, RPN HAITEBHAROIIRZ /R . KD @WdiflE (>S=13.2 OFERTIE., I_H‘%k
£, WA Ty IO Ty FEY ML LICKoTHES, TOREMIENT, BEIRO -~ JoekhIE
RE NS S, FORIR 20Tk, [120] & [1-20] /TN 7 A 7w 7' & [010] /S TENSIER Uiz AT T T
EbN %, EHIAT v 7d [120] AT 7O 5 5 OniHEEEZ /R LTz, barite (00D i | TEIERE N2 Z DD E
I, FEIROKEM. KER. BXU., KEANRA FIVDERNHIF 5N, REIROKEME. EEENI 555 X
T TDF I HBNET +—)V FET, [010] AU 2 KSR END, HEREREARALTIVE £, FIR
DIEREZ R LA S [010] /FTNCHT %, BRINTERERERE X1 FIVOEREIL. (KE LTRROEWVWIEH S
M) I TO NaClyaiHh, 50, 60 Cf@f@ktﬁfﬁﬁﬁiéhf;mv%@y FDOEREEFEIL Tz,

F—T— R SRR, NT A b, BRI, 0tk A28 ZIVE
Keywords: crystal growth, barite, atomic force microscopy, two-dimensional nucleus, spiral growth
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TBIR C DG EETA IR S . .
Dissolution Rate of Crystals in Solution

BA WSS 1 ik AR 2
TSUKAMOTO, Katsud* ; SATOH, Hisad

VRBRZ TR, 2 =<7 U 7
!Graduate School of Engineering, Osaka Univeréititsubishi Materials

Compared to growth mechanism of crystals, dissolution mechanism has not been studied so well because the phenomena |
been regarded as the reverse process of crystal growth. However the phenomena is not so simple as often has been obsel
in coupled-dissolution and precipitation. This mechanism has been applied to the interpretation of natural mineral dissolutior
or replacement, it would be important for the selection of polymorphs or chirality during dissolution of medicine or some
other materials, as well as natural minerals. Some examples will be shown based on the precise dissolution rate of crystals |
interferometry for discussion.

F—T— R MG KE, B A = X L, 8 ARE, BIERK, fifik, M 7 b Tk
Keywords: crystal growth, dissolution mechanism, sprial growth, nucleation, crystallization, phase-shift interferometry
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