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Optical manipulation science has recently attracted a majority of researchers in
many kinds of research fields of optics, chemistry, physics, biology, and so on. Now
we are exploring our experiments related to optical trap and manipulation based on a
big project including international collaboration between many professors in Japan
and me. One of the most important aims in this project is to control enantiomer on
chiral crystallization from achiral organic compounds utilizing optical trapping. For
the experiments, the most difficult issue is how to identify which of enantiomers is
induced by optical trapping on a microscope because of small difference of circular
dichroism for both enantiomers. In this business trip, I make a discussion with many
professors of Japan joining this project in order to solve this difficulty in Osaka
University, and conduct a fundamental experiment based on the discussion.
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1. Discussion for identification of enantiomers for organic crystals ( ZEaY 41{u] 433
Ao T2 R RE)

In order to discuss “enantiomer excess” on chiral crystallization, many trials
should be necessary. Our laser trapping experiments are generally conducted using a
microscope and the resultant crystals are precipitated on a cover glass. It takes about
30 min for one experiment, so that a considerably long time is needed to achieve
sample numbers which can convince the efficient enantiomer excess to researchers.
Therefore, the simple method enabling identification of crystal chirality should be
necessary in our collaboration research. Currently, one of the most secure methods for
the identification is to observe X-ray anomalous scattering for target crystals.
However, it takes very long time for one experiment, and furthermore the professional
technique and uphill work are necessary. So, an alternative method instead of X-ray
technique should be considered. Prof. Okamoto, who is a professor of Institute for
Molecular Science in Japan, successfully constructed a new optical setup to measure
circular dichroism (CD) available for identification of enantiomer of chiral crystals.
The first aim of this business trip is to understand the details of this method through
discussion with prof. Okamoto to feedback it to our experiments in NCTU.
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2.1dentification of crystal chirality on laser trapping crystallization of NaClOs
(HIE B H R NaClOs & &)

The second aim of this business trip is to conduct a simple experiment to identify
crystal chirality of NaClO;. Different from chirality of organic crystals, the chirality of
NaClO; crystal can be determined by changing the angle of a polarizer under
cross-Nicoled condition. This technique will be transferred to our Lab, which can
accelerate our experiments on enantiocontrol of chiral crystallization using optical trap.
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I first discussed with prof. Okamoto about a new identification method of crystal
chirality on a microscope. Although he didn’t mention the details of his target samples,
he displayed me one CCD scanning image and the corresponding cotton effect at 633
nm. The sample surely has an absorption coefficient at wide visible wavelength
ranging from 400 to 800 nm. He also said that this method is available only for such a
compound having absorption at the visible region because an objective lens has no
transmission at UV range. This means that this method is not applicable for a majority
of organic compounds because almost all of the organic compounds have no

absorption and CD at visible range. However, to control enantiomer on chiral
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crystallization itself is a very promising research field, so I believe that this method
will become a great powerful tool to identify the chirality of crystals showing an
absorption at visible range. After the discussion, I conducted a fundamental
experiment to confirm crystal chirality for NaClO; crystals on a microscope. A
NaClOs aqueous solution saturated at 22°C was prepared, and the saturated solution
(6.25 mL) and 2.5 mL Ag nanoparticle dispersion (10 nm, 0.02 mg/mL) containing 2
mM sodium citrate buffer (achiral) were placed in a hand-made cell. The sample
solution is in the unsaturated state. The cell was constructed by enclosing a silicone
sheet (1 mm thick) between a pair of cover glasses (120 um thick). The surface of the
cover glasses was preliminarily subjected to hydrophilic treatment using a UV
irradiator. Due to the hydrophilic surface, the liquid mixture becomes a thin film on
the surface. A laser trapping system using a circularly-polarized laser (CPL) was
constructed utilizing an inverted optical microscope. Fig. 1 shows a schematic
illustration of the optical setup for laser trapping system. The linear polarization of a
CW green laser (A = 532 nm) emitted from a Spectra Physics Millennia eV laser was
converted to circular polarization using a quarter-wave plate. The handedness of the
CPL can be switched by adjusting the angle between the plane of the linearly
polarized light and the optical axis of the quarter-wave plate. The CPL was then
introduced to a 60xobjective lens through the reflection by a Notch-Dichroic half
mirror (A = 532 nm). The objective lens concentrates the CPL laser at the focal point.
We paid special attention to the fact that the handedness of the CPL is inverted by the
reflection. Although the obtained result cannot be opened yet because of a secret on
our collaboration research, the chirality of the obtained crystals was surely identified
very simply. As the first step of study on chirality control for crystals induced by
optical trapping, this method is very useful.
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This collaboration research includes three major topics. One of them is to control
chirality on crystallization utilizing laser trapping, which will be conducted by me in
NCTU. The laser trapping crystallization method was for the first time demonstrated by
us in 2007 and then we have succeeded so far in crystallization for various amino acids,
inorganic compounds, and proteins. As the next step and the most interesting topics of
our study on the laser trapping crystallization, we intend to control crystal chirality on
laser trapping crystallization. However, there are many serious problems on it, for
example identification method for enantiomers, strong electron magnetic fields of laser,
and laser beam shaping. The collaboration research can compensate the lack of our
method and should be developed in future in order to achieve our research aim.
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Based on this project, I will accept and exchange many students and young
researchers from many top-level universities in Japan. Through the exchange program,
it is possible for Japanese students to understand high-level experimental instruments
and atmosphere in NCTU, and I will have a plan of lab tours in NCTU for Japanese
students in order to accelerate scientific exchange between Taiwan and Japan.

FPVEERTES PR BIR B AR B B ARV A LR TR B2 R R
F o FEHEEAHRETE - AL B AREA T RSB R e T ROV B s ST
JEGR - Tt st E R A AR SNBCRANE 2 i 280 - DINREE B H ARy

SJEEXT R o

)



