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High-speed polarized in-situ observation in a nucleation process of nanoparticles pro
duced by the gas evaporation method

KIMURA, Yuki '* : MIHARA, Arata? ; ONUMA, Takash? ; ISHIZUKA, Shinnosuké ; MURAYAMA, Kenta! ; TSUKAMOTO,
Katsud

1Tohoku University2Photron

The gas evaporation method has been investigated for more than half a century since the Kubo effect was reported (1962
There have been many studies on the produced nanoparticles mainly using a transmission electron microscope, which ha
elucidated the different physical properties of nanopatrticles from those in bulk. On the other hand, there have been almost n
reports on nucleation in smoke related to crystal growth. Recently, we achieved in-situ observation of the nucleation process i
smoke using a double-wavelength Mach-Zehnder-type interferometer, which can determine the temperature and pressure at t
nucleation simultaneously. A series of experiments clearly showed that smoke particles condense homogeneously only in a ve
high supersaturated environment [1-3]. In a preliminary experiment using tungsten trioxide, the smoke particles condensed wit
a degree of supersaturation as high-d€f. In this process, since evaporant is continuously supplied into the surrounding of the
evaporation source, the flow of smoke after the nucleation and growth of nanoparticles has been simply considered as a conse
utive process. The nucleation and growth of smoke particles should be a rapid process (ms order) due to high supersaturation,
the concentration of the evaporated vapor drastically decreases. However, the details of the formation process remain unknow

In this study, we attempted to visualize the nucleation of nanoparticles and motion of smoke using a high-speed polarizatiol
image sensor (Photron Inc.) to clarify the details of the nucleation process of smoke particles. Since the sensor itself has pixe
with micro-polarizers, a phase shift interferogram can be obtained in less than a millisecond because of the lack of mechanic:
movement free, and can therefore be applied to rapid phenomena such as nucleation in vapor phase. Here, we show the prelir
nary results of homogeneous nucleation of tungsten oxide from vapor phase.

[1] Y. Kimura, H. Miura, K. Tsukamoto, C. Li, T. Maki, Interferometric in-situ observation during nucleation and growth of
WOj3 nanocrystals in vapor phas#urnal of Crystal Growth316 (2011) 196-200.

[2] Y. Kimura, K. Tsukamoto, Interferometric observation of temperature distributions in the smoke expednient, Soc. Micrograv
28 (2011) S9-S12.

[3] 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 coeffCigatal Growth & Design12 (2012) 3278?3284.
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In-situ observation of nucleation process of calcium carbonate by the fluid-reaction TEM
YAMAZAKI, Tomoya'* ; FURUKAWA, Erika' ; KIMURA, Yuki!
Tohoku University

Recent studies have reported achievements of in-situ observation of the nucleation and crystallization studies using tran:
mission electron microscope (TEM), and several new perspectives for non-classical pathway of crystallization [1-4]. Calcium
carbonate generates a lot of attention because of complex nucleation due to appearance of various polymorphs in addition
availability for industrial materials such as paper and paint, and reservoir of carbon dioxide, and biomineralization. We also
focus on the calcium carbonate in view of selection of polymorph in nucleation process. In case of nucleation from relatively
higher supersaturated solution, nucleation of amorphous phase prior to crystalline phase has been known [5,6]. Kawano et :
have been reported an in-situ observation of solution-mediated phase transition from amorphous phase into crystalline phase L
der optical microscope [6]. The Ostwald law of stages has been believed to occur in many cases. Contribution of prenucleatio
cluster, which was confirmed by using the cryo-TEM [8], to the nucleation has also been reported [7]. However the generality or
solution condition to take these processes is still not obvious.

Now, we have performed energetically a project to observe crystallization and dissolution processes in an aqueous solutic
using ionic liquid instead of water or the "Poseidon” (Protochips Inc.), which is a sample holder having a liquid cell for TEM
observation. We call our TEM fluid-reaction TEM (FR-TEM), which is able to perform crystallization experiments in a solu-
tion including both methods. Here, we have been tried to observe whole the process of crystallization of calcium carbonate vi
amorphous phase using fluid-reaction TEM and actually observed a solid-state phase transition from amorphous phase into
crystalline phase by in-situ observation.

[1] Yuk, J. M., Park, J., Ercius, P., Kim, K., Hellebusch, D. J., Crommie, M. F., Lee, J. Y., Zettl, A. & Alivisatos,gci€nce
336, 61-64 (2012).

[2] Li, D., Nielsen, M. H., Lee, J. R. |, Frandsen, C., Banfield, J. F. & De Yoreo,Sci&nce336, 1014-1018 (2012).

[3] Liao, H.-G., Cui, L., Whitelam, S. & Zheng, Hscience336, 1011-1014 (2012).

[4] Kimura, Y., Niinomi, H., Tsukamoto, K. & Garcia-Ruiz, M. J. Am. Chem. So¢DOI: 10.1021/ja412111f. (2014).

[5] Ogino, T., Suzuki, T. & Sawada, Kzeochim. et Cosmochim. Actd1 (1987) 2757.

[6] Kawano, J., Shimobayashi, N., Kitamura, M., Shinoda, K., & AikawaJNCryst. Growth237(2002) 419.

[7] Gebauer, D., & Colfen HNano Today 6 (2011) 564.

[8] Pouget, E.M., Bomans, P. H., Goos, J.A.C.M., Frederik, P.M., de With, G. & Sommerdijk, Sciance 323(2009) 1455.
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In-situ TEM observation of dissolution processes in aqueous solutions using "Poseidon”
FURUKAWA, Erika'* ; YAMAZAKI, Tomoya' ; KIMURA, Yuki !
Tohoku University

Recently, we started a new project to observe crystallization and dissolution processes of crystals in a solution using tw
different methods under transmission electron microscope (TEM). To overcome the difficulties to introduce a solution into a
TEM, Kimura et al. used ionic liquid to avoid evaporation of a solvent in the high-vacuum of a TEM [1]. As the result, several
new insights were found: solubility-independent formation of polymorph; crystals do not dissolve smoothly but in a fluctuating
manner; and new crystals form even in a totally dissolving system. Another advantage of this method is that the growing crysta
does not have a hydrated layer on their surface. It has been believed that dehydration process has a largest potential barrier
incorporate a unit cell into the crystal. However, no one ever visualized the process and it has been totally veiled. The water fre
experiment using an ionic liquid may give us a new perspective on the dehydration process by comparison with experiments il
general agueous solutions. Now, we are forwarding a project to observe crystallization and dissolution processes in an aqueo
solution in atomic-scale using the "Poseidon”, which is a sample holder having a liquid cell for TEM observation. We call our
TEM fluid-reaction TEM (FR-TEM) including both solution growth experiments using an ionic liquid and the Poseidon.

Poseidon (Protochips Inc.) give us the opportunity to visualize the three-dimensional process with several advantages con
pared with previous works using an atomic force microscope, which is able to observe only two-dimensional, and an optica
microscope, which has much less lateral resolution. Growth and dissolution processes at the first top layer (surface) of a cryst
have been energetically studied long time using these tools. However, the detail process in atomic scale has been observed v
limited. Therefore, the aims of our project is understanding of three dimensional nucleation including Ostwald law of stages
based on phase determination by electron diffraction, determination of very slow dissolution rates, and dissolution process i
terms of an influence of defects. Here, we will show the first pictures about the movements of nanoparticles and dissolution o
amorphous silica and crystalline silicate samples.

[1] Kimura, Y., Niinomi, H., Tsukamoto, K. & Garcia-Ruiz, J. M. In-situ live observation of nucleation and dissolution of

sodium chlorate nanoparticles by Transmission Electron Microscbpym. Chem. So¢.DOI: 10.1021/ja412111f. (2014).
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Mineral size distribution modeling during dissolution of montmorillonite
YAMAGUCHI, Kohei'* ; MIURA, Hitoshi? ; SATOH, Hisad
IMitsubishi Materials Co.2Nagoya City University

In the geological disposal of radioactive waste, the waste is sealed by cement-based materials and bentonite-based matel
to prevent leakage into environment. The bentonite-based material protect the radioactive waste from the groundwater flo
around the geological disposal area, so its low permeability should be maintained for a long term. The low permeability could
be achieved by the swelling of montmorillonite in the bentonite-based material. However, montmorillonite will dissolve by a
reaction with high-alkaline pore water, spoiling the low permeability of the bentonite-based material. In addition, precipitation
of secondary minerals such as zeolite will promote the dissolution of montmorillonite through changes in composition of the
pore water. In order to assess the long-term permeability of the bentonite-based material, it is necessary that the dissolution
montmorillonite and crystallization of secondary minerals are comprehended over a long time of several tens of thousands year

In the pore water, there are numerous montmorillonite particles of various sizes. When montmorillonite of various sizes co-
exists in the same solution, the smaller particle dissolves faster than the larger one because of the Thomson-Gibbs effect. T
mean size of montmorillonite will increase gradually, leading to a delay of further dissolution. In addition, an evolution of size
distribution is also important for the crystallization process of the secondary minerals, e.g., zeolite. Since zeolite is not presen
in the initial solution, the crystallization process is described in the nucleation and subsequent growth. Evolution of the size
distribution of zeolite affects the dissolution of montmaorillonite through changes in solution composition. This implies that the
evolution of the size distribution of montmorillonite and zeolite should be considered to assess the long-term behavior of the
permeability of the bentonite-based materials. However, in the previous chemical equilibrium calculations, the evolution of the
size distribution has not been considered.

In this report, we numerically modeled the time evolution of the size distribution of montmorillonite due to dissolution accord-
ing to a theoretical model described in Yao et al. (1993). The crystallization of zeolite was neglected as a first step. We conside
the dissolution of montmorillonite in a closed system. The evolutions of the size distribution, bulk concentration of solution, and
mean radius of montmorillonite were successfully calculated.

The model given in this report is a model in a closed system. On the other hand, the geological disposal environment is no
a closed system because there is an actual mass transfer due to the flow of groundwater and diffusion. To couple the local mi
eral dissolution/crystallization and the global mass transfer, some chemical reaction-mass transfer calculation codes have be
developed. However, these codes assumed chemical equilibrium, so the evolution of the size distribution of minerals did not cor
sidered. The evolution of the size distribution of minerals would significantly affect the long-term behavior of the permeability
of the bentonite-based materials. Therefore, it is important to compare the calculation results of the model with the evolution of
the size distribution and chemical equilibrium calculation result.

Keywords: montmorillonite, dissolution, Mineral size distribution
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Advatnced techniques in the latest quantitative image analysis for crystal growth experi
ments

YOKOMINE, Makoto'* ; SATOH, Hisag ; TSUKAMOTO, Katsud ; SAZAKI, Gert
ITOYO CorporationZMitsubishi Materials CorporatioriTohoku University*Hokkaido University

In the research field of crystal growth science, the targeted scales are varied from nano-scaled small space to visible larc
space. Recently the spatial scale expands toward underground or orbital space. In the metrology field, there is the scaling-la
for xyz-t space-time space, beyond which we extend the measurable limits.

The contactless microscopes like interferometers or laser microscopes are very valuable tools for analyzing crystal growth i
long time and surface-features in wide area because they have advantages to obtain data in high speed without spoiling the sam
surface. Their time-scale is variable in the off-line processing, if the data were sequentially obtained by auto-measurements, <
that we can trace the real growth phenomena. By this method, we succeeded to observed lysozyme growths in the Internatior
Space Station laboratory, ice-water interface and dissolving clay.

Moreover, the spatial scale can be changed by shifting the field of view with observing and the off-line process of these ob-
tained images as stitching. In general, huge data fragments measured by certain time interval or position shifting contain offset
or distortions and the data amount is much bigger than the speed of manual corrections. Hence, there are many cases that wh
data cannot be utilized for final analysis. We attempted to eliminate artifacts generated by microscopes using a system consist
commercially supplied software and dedicated plug-in programs for consistent normalizations and corrections between planes
be stitched.

In this session, we will introduce some examples tried quantitative analysis of huge multiple data including the time-line dis-
play expressing time-based changes at certain line on a plane of growing and dissolving crystal surfaces.

Keywords: image analysis, time-space scale, topography, huge stitching

1/1



Japan Geoscience Union Meeting 2014 /0 d ;,

(28 April - 02 May 2014 at Pacifico YOKOHAMA, Kanagawa, Japan)
©2014. Japan Geoscience Union. All Rights Reserved. ]ggg;gimc

Union

MIS36-P06 Room:Poster Time:May 1 18:15-19:30

IP6 as a silver carrier agent and formation of Ag nanostructures

TATSUOKA, Hirokazu* ; MENG, Erchad ; KOBAYASHI, Tsuyosh? ; SHIMOMURA, Masard ; TOMODA, Waichi* ;
MIYABAYASHI, Keiko !

IGraduate School of Engineering, Shizuoka Universitgraduate School of Science and Technology, Shizuoka University,
3Koba Technology

In recent years, people have become aware of the importance of natural organic materials in geological systems. It would b
important to clarify the interaction between natural organic materials and metallic ions.

Phytic acid, known as inositol hexakisphosphate (IP6), or phytatid; {O-4Ps, is found within the hulls of nuts, seeds, and
grains, and it is the principal storage form of phosphorus in many plant tissues, especially bran and seeds. IP6 is not digestib
to humans and animals, and phytic acid chelates make unabsorbable certain important minerals such as zinc, iron, calcium a
magnesium.

On the other hand, for many years, it has been known that silver works for its catalytic activities, anti-microbial activities, and
used to avoid infections and prevent spoilage. Many researchers have focused on the anti-bacterial, ability to kill microorganism
and multi-functional properties of silver nano-particles.

In this study, it is demonstrated that IP6 plays a role as a metal carrier agent for the formation of metallic nanostructures. Fo
the preparation of the IP6 with Ag elements (Ag-IP6), The commercial IP6 solution (50 %) was diluted with distiledtH
the H,O:1P6 solution ratio of 9:1, then 1g of AgNQwas added to the diluted IP6 solution of 100 ml, and long-term stabilized
small Ag clusters were formed in the solution. A drop of the solution was dripped onto metallic substrates, then kept for the
treatment time of 10 s to several min at room temperature. The solution was immediately dried using a gas burner or hot plate
Then, the reaction of the Ag-IP6 with several kinds of metals was examined. The structural and morphological properties of the
Ag nanostructures were characterized by scanning electron microscopy (SEM) along with energy dispersive X-ray spectroscor
(EDS), transmission electron microscopy (TEM) and scanning transmission electron microscopy (STEM) with EDS. In addition,
the surface condition of the Ag nanostructures reacted with Cu or Al and dried IP6 complexes was characterized by X-ray pho
toelectron spectroscopy (XPS) using a VG, ESCA-LAB MK Il with a non-monochromatizedo&bfrce(hv = 1486.6 eV).

The energy calibration for a charge correction in the spectra was made using the Cls peak. The FTIR spectra of the dried IF
complexes were measured using KBr disks. Each disc was composed of powders consisting of IP6:KBr"1:100. The spectr
were recorded in the range of 400 to 1400 ¢m Raman spectra were obtained using an NR-1800 triple Raman system with
backscattering geometry using the SHG(532 nm) of a Nd:YAG laser as the excitation source. All measurements were carried o
at room temperature. It was found that various kinds of Ag nanostructures were formed with additional metallic sources using the
Ag-IP6. Ag nanostructures with the three-dimensional dendritic structures replaced by Cu and Mn, the two-dimensional dendritic
structures replaced by Ca%ind Mg, the two-dimensional fractal structures replaced by Fe, Ti, Al and Ni, the particles replaced
by SrSi, and the nanowires replaced by Mo and W were formed. It is noted that the IP6 plays an important role as a silver carriet
agent to control the structure and morphology of the Ag nanostructures. In addition, the experimental results suggest that th
structural evolution of the Ag-IP6 reacted with Cu takes place to form the Cu-IP6 complex. However, the reaction of Ag-IP6
with Al is not active.

The structural properties of the Ag nanostructures were examined, and the growth evolution of the nanostructures was dis
cussed. The results would help us to understand the nanostructure formation by the reaction between natural organic materi
and metals in nature.

Keywords: IP6, nanostructure, dendrite growth, silver
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Development and application of 3-D interferometer for analysis of the concentration field
In protein crystal growth

MURAYAMA, Kenta'* ; TSUKAMOTO, Katsud
LGraduate School of Science, Tohoku University

When the crystal is growing in a supersaturating solution, the solute concentration is decreasing towards the crystal/ solutio
interface because the crystal consumes solute in the solution as it grows. Due to this large vertical concentration gradien
buoyancy driven solutal convection develops. As a result, the distribution of concentration around the crystal become complicate
compared to the case when there is no convection.

Thus, not only concentration gradient but also the flow and convection of the solution influences the state of the crystal surface
So that visualizing the whole concentration field of a crystal interface including convection is required.

There have been many reports concerning the measurement of the concentration field, but many of them were two-dimension
(2-D) observations, namely, the objects were observed only from one direction. The information obtained by the 2-D observation:
is integrated in average along the direction of the observation, so the local information, e.g., concentration distribution arounc
the crystal-liquid interface, was not obtained.

To improve the disadvantage on the 2-D observation, a method of computer tomography (CT) has been adopted in this stud
By using the CT method, we can reconstruct the information of the three-dimensional (3-D) concentration field around the
growing crystal based on 2-D observations obtained from several directions (3-D observation).

In this study, 3-D measurement of the concentration field with convection and without convection around inorganic and protein
crystals was carried out to reveal the concentration distribution over the crystal surfaces. Normal growth rate of the face fron
points to points are also measured to discuss the effect of concentration distribution on the surface.

Keywords: interferometer, lysozyme, convection
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Dependence of impurity adsorption on the step morphologies and growth rate of tetrago
nal lysozyme crystal

OSHI, Kentard* ; YOSHIZAKI, Izumi? ; KIMURA, Yuki! ; YAMAZAKI, Tomoya' ; TSUKAMOTO, Katsud
LGraduate School of Science, Tohoku Universiiapan Aerospace Exploration Agency (JAXA)

High quality protein crystals are required to get the information of the 3-dimensional structure of protein molecules. Impuri-
ties, mainly dimer molecules, affect the quality of protein crystal strongly (Yoshizaki et al., 2006). In addition, it is known that
the step morphology o110} faces of the tetragonal lysozyme crystal is changed by impurities. Until now, a lot of space ex-
periments were carried out to get high quality protein crystals under microgravity conditions (McPherson, 1993, etc.). However,
the relevance between impurity effects and microgravity condition is not clear. In addition, the step morphology corresponding
to the crystal external form is not observed in preceding studies.

We performed "in situ” observations under terrestrial environment and space environment using a tetragonal lysozyme cryste
as the model protein. The purpose of this paper is to reveal "the influence of microgravity condition to the impurities adsorption
on the{110} faces” and "the reason why the step morphology corresponding to crystal external form does not appear”. We
made it possible to observe the step morphology and to measure the face growth rate at the same time by using a Michelson ty
interferometer.

As a result of growth rate measurement, the face growth rate under microgravity condition was higher than that under terrestri
condition. An impurity works to suppress the growth rate of a crystal. Because the buoyancy-driven convection was suppresse
under the microgravity condition, we assumed that the larger impurity-depletion-zone was formed around a crystal.

As a result of the observation of the step morphology, we succeeded in observing the lozenge shape step which was corr
sponding to an external form by a space experiment for the first time. In addition, the step morphologies were classified in foul
types. It is considered that the impurity adsorption on the crystal surface is different depending on the crystal orientation of the
step.
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