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Grain growth of ice from aqueous solutions of sugars, salts and amino acids
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Introduction

Salts and organic matters exist in icy bodies and comets. Chemical evolution from simple molecules
to more complex organic compounds is a hot issue concerning the origin of life. Mixtures of ice and
organic matters can play an important role for chemical evolution. Sugahara and Mimura (2015)
conducted shock experiments on a mixture of alanine, ice, and silicate under cryogenic conditions
simulating comet impacts and reported the oligomerization of alanine. For precise understanding of
the reaction, it is necessary to observe morphology of ice including organic matters at low
temperature. Effects of salts, amino acid and sugar to morphology and grain growth of ice are
important research targets for food science as well as planetary science. In this study, we
investigate grain-growth kinetics of ice crystallized from salt, sugar or amino-acid solutions from
in-situ optical observations at low temperature.

Experimental procedure

Pure water, NaCl solutions, amino-acid (aspartic acid and glutamic acid) solutions and sugar
(glucose, sucrose, maltose, maltotriose and maltotetraose) solutions were prepared as samples.
These sample solutions were set between two cover glasses with a gap of ~4@ pm on a heating-cooling
stage and sample chamber was filled with dry nitrogen gas. These sample solutions were rapidly
cooled to -30 °C at a rate of 10 °C/min. After the samples were frozen, the sample temperature was
increased at a rate of 10 °C/min and was kept for 300 min at -5 °C. Optical images and movies were
collected in situ under a polarizing microscope with crossed nicols. Phase identifications were
conducted by Raman spectroscopy.

Results and Discussion

Figure 1 shows representative optical photographs of ices after 300 minutes reaching at -5 °C. All
solutions froze into aggregates of fine ice crystals in a moment before reaching at -30 °C. In pure
water, no homogenous grain growth was observed after 300 min at -5 °C, but abnormal grain growth up
to approximately 50 mm was observed. In the case of a salt solution, after reaching at -5 °C, ice
grains grew to a homogeneous size of 35 mm in average and the solution existed in triple junctions
between ice crystals. In amino acid solutions, notable grain growth was not observed and fine
grains remained. The abnormal grain growth similar to the case of pure water was observed in some
cases of amino acids. Moreover, grain-growth rate in amino acid system was much lower than the case
of pure water. This result suggests that amino acid inhibits grain growth of ice. In sugar
solutions, when number of carbon ring changed from 2 to 4, appearances of samples changed
drastically.

This study confirmed that morphology and grain-growth kinetics of ice are strongly affected by
chemical composition of starting solutions. These results are useful to understand chemical
reactions occurring in ice and will contribute to improve frozen preservation of foods.
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Figure 1. Representative optical images (crossed nicols) of ice crystals obtained
300 min after reaching at -5 °C. The contrasts of these images depend on crystal
orientations.
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& E3H : [1] R. W. Friddle et al. (2010), PNAS 107, 11. [2] Y. 0. Punin and 0. I. Artamonova
(1989), Kristallographiya 34, 1262. [3] H. Miura and K. Tsukamoto (2013), Cryst. Growth Des. 13,
3588. [4] H. Miura and K. Tsukamoto (2013), Japan Geoscience Union Meeting 2013, abstract
MIS31-P@5. [5] H. Miura (2016), accepted for publication in Cryst. Growth Des. [6] H. Miura and R.
Kobayashi (2015), Cryst. Growth Des. 15, 2165. [7] H. Miura (2015), Cryst. Growth Des. 15, 4142,
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SE@k: [1] Cama et al. (2000), Geochem. Cosmochim. Acta 64, 2701. [2] PHREEQC -A Computer
Program for Speciation, Batch-Reaction, One-Dimensional Transport, and Inverse Geochemical
Calculations. http://wwwbrr.cr.usgs.gov/projects/GWC_coupled/phreeqc/.
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Nucleation event determines the condensation sequence, number density, size, morphology and
crystalline structure of cosmic dust particle, called dust, in a gas outflow of dying stars or a
gas plume after shock wave heating in the primitive solar nebula. Using nucleation theories, such
characters of dust have been expected. However, it has been well known that results obtained by
classical nucleation theory and by experiments have a large difference each other. We believe that
one of the reasons is the difference of physical parameters of nanometer sized particles from its
bulk. Although nucleation is a process progressed in nanometer scale, physical parameters of bulk
materials have been used. To determine the physical parameters of nanoparticles, we constructed an
in-situ observation system of temperature and concentration during homogeneous nucleation in vapor
phase using interferometry in the laboratory.

Nanoparticles are formed as dust analogues from a supersaturated vapor after evaporation of the
starting material by electrical heating in a gas atmosphere. Using the specially designed
double-wavelength Mach-Zehnder-type laser interferometer, nucleation temperature and partial
pressure can be obtained simultaneously. Then, surface free energy and sticking probability can be
determined using timescale for cooling based on nucleation theories (Kimura et al. 2012). In case
of laboratory experiment, convection of gas atmosphere caused by thermal heating generates
heterogeneity of nucleation environment, such as temperature and concentration profiles around
evaporation source. In microgravity, evaporated vapor diffuses uniformly and the temperature
profile becomes concentric around the evaporation source. As the result, nucleation will occur at
the same condition. In addition, microgravity condition allow us to duplicate the ratio of
timescale for cooling and collision frequency of vapor around supernovae and asymptotic giant
branch stars. Therefore, we performed microgravity experiments using the sounding rocket S-520-30
launched on September 11", 2015.

Two same experimental systems, which construct with the interferometer, nucleation chamber and
camera recording modules were designed to fit the size and weight limitation and installed into the
nosecone of the rocket. The evaporation source and gas atmosphere are silica and argon (4 x10* Pa)
for silica dust, and alumina and a gas mixture of oxygen (2 x10° Pa) and argon (3.8 x10* Pa) for
alumina dust. The experiments were run sequentially and automatically started after launch of the
rocket. The evaporation sources of silica and aluminum were electrically heated in the gas
atmosphere under microgravity. Evaporated vapor was diffused, cooled and nucleated in the gas
atmosphere. The temperature and concentration at the nucleation site can be determined from the
movement of the interference fringes. Here, we will show the results of the experiments including
supersaturation ratio, and the physical properties of those nanoparticles.
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Visualization of pH change around calcium carbonate crystals during dissolution and growth
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For the investigation of the growth and dissolution of calcium carbonate, (aCO;, it is important to
understand how carbonate and bicarbonate ions behave in these processes. The pH monitoring of a
solution during CaCO; growth or dissolution is a useful technique for this purpose, and actually in
a number of the previous studies, the pH measurements of bulk solution during the growth have been
performed. However, to clarify the detail process on the surface, especially the behavior of
bicarbonate ions, regional change of pH just above the crystal surface should be monitored.
Recently, we have started an attempt to visualize the distribution of pH around CaCO, crystals
which inorganically grows or dissolves, by applying the method used for the research on the
biogenic calcification of foraminifers. We have succeeded to detect the pH change near a dissolved
calcite surface, which may provide new insights into both inorganic and biogenic formation
mechanism of CaC0;.
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[1] Satoh et al. (2007) American Mineralogist, 92, 503-509.

[2] Sato et al. (2005) Proc. of the Int. Workshop on Bentonite-Cement Interaction in Repository
Environments, A3-38-41.
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