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Fig. 1 A schematic drawing of a wetcell
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Fig. 2 TEM images of NaCl microcrystals. Lattice fringes derived
from NaCl crystals are visible. The spacing between the lattice
fringes in regions D and @ is 1.99 A and 2.75 A, respectively,
which correspond to the lattice spacing of the (220) and (200)
planes of NaCl.
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Fig. 3 Manually measured area of NaCl crystal region (a) No
stack (b) 2-sheet stack image (c) 3-sheet stack image (d) 4-
sheet stack image (e) 5-sheet stack image (f) 6-sheet stack
image
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Fig. 4 Relationship between the number of stacked sheets
and the number of measured pixels in the NaCl crystal region
from scene 1 to scene 4.
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Fig. 5 Time evolution of crystalline region (D.
An example that suggests that crystal growth tends to occur as the
length of (020) lattice fringes increases.
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Fig. 6 Time evolution of crystal region @).

An example showing growth in the direction perpendicular to the
lattice planes, such that the number of layers in the lattice planes
increases. These changes are in a relatively small area compared to
the previous section.
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Fig. 7 A field of view where changes in crystalline regions
was observed. We investigated the details of structural
changes at the left and right edges of the crystalline regions
indicated by arrows (.



Fig. 8 Time evolution of crystalline region. A slightly dark
region is visible near the crystal region.
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Fig. 9 Time evolution of the crystalline region near the arrow
@D in Fig. 7. A slightly dark region is visible near the crystal
region.



3.6 ZHOBERNIFAT HEEHOHE

eI, s A ARSI TWD L e flEF O
Fl% Fig.10 (Z/R9, JRV U CHHA T2 FEI Nl
KED A EE ST DRE SN T OB Ao TNDIENRG0ND,
N W e e A N € € e Y Vo ol L1 /Y T/ A B et N Y YD)
THHA M EL, WH TORREICB T2
2 REESEAETHDHZ LD TR TED,

Fig. 11(a)~(c) Cl% 2 FFHOMRD T MEZnZE ke
HORBTRLTWS, 822 7 M OREREROFEE 2 S
INE 2> COD RIS E B 0 SR T A TS, Rafiks
HER > COD TR IR AR I K0S W TNS I
RZTHEY, MEmOERIEESTELT 2 SOfEHEN
ADFATHASIN TWDIINCR A S, 22T, 2 FEOR
BB E DL M E TG > TWDNETRDT2D
FROMIMREMEE T, SRR, HRCREE RIS T
MRl 2 FEEEEH(200) [ THY, ZAHIE 372004 FE TRk
BEL Qe @ ORI DTS IV TWDIGE, BEVAD
FEER OB FUTERANIIRE T DIENFIEETH D, NaCl
FEh E R OGS A KCI s TSN DB AN
ERIZIBWT, (100)EZ#HELC 2 FOHRSSS AL
BRIz VO VESR T A A3 A 36.9°L 85T da
—HL B8, ZDZEnb, 2 SORE SN EZEL-ZE
TE AR EEOEE R DRI RS, ZOM) &7 H
ffka%rﬁil—ib\ A A Z TITE AT IO e R A T
TG A TR SN TV D IO 72 IE IR O dl i & %
?%Oﬁlﬂaaﬁ‘ﬁéﬁéﬂﬁék%?c%ﬂéo

10nm

Fig.10 TEM image of a field of view where many crystal
grains can be seen.

Fig.11 Example showing the time evolution of crystals in
different orientation
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Summary

Crystallization of atoms and/or molecules is utilized in various fields such as science and technology, biology, and
the environment and it is important to elucidate its microscopic mechanism. In recent years, progress has been made in
elucidating crystal nucleation in liquids at the atomic level using molecular dynamics simulations and it was reported that
nucleation and crystallization in liquid consists of two steps: concentration fluctuation leading to a creation of high
concentration region, followed by spatial ordering. However, in-situ observation of crystal growth in liquid with high
spatial resolution is difficult and direct observation of high concentration regions in the two-step process has not been
realized. In this study, we performed in-situ observation of NaCl crystal growth in liquid at nanometer scale using
transmission electron microscopy. A liquid cell was used to hold solution samples in the electron microscope.

The observed crystals of several nanometers were constantly changing their shape due to reactions on the surface,
but even after 150 seconds of electron irradiation at an electron dose of approximately 4 X 104e-/nm2 s, the structure
remained unchanged. It was not significantly destroyed. This indicates that the NaCl crystals are in equilibrium under
the current observed conditions. The observed lattice fringes were (200) or (220) lattice planes. Local crystal growth
or disappearance was observed due to local structural fluctuations, but there were cases where the lattice fringes grew to
lengthen at the edges of relatively large grains, and at the edges relatively small grains, growth was observed that increased
the number of layers.

In this study, analysis was performed using stacked images that averages the intensity of six images to improve the
image contrast. When we attempted analysis by reducing the number of stacked images in several fields of view, we
discovered the possibility that the crystalline region was changing. In this analysis, the areas and boundary positions of
crystalline regions were determined manually, but the noise was large and a more objective judgment was needed.

Therefore, a future challenge is to introduce an automatic analysis method that automatically identifies crystal regions.



