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Research Background

1. Studies on Microchemistry

1.1. Laser Trapping Microspectroscopy of Single Microparticles in

We have developed laser trapping — microspectroscopy f /
(absorption/fluorescence/Raman)  techniques of various single O
microparticles in solution. As shown in Fig. 1, one can manipulate single 10 um

microparticles (polymer beads, droplets, biological cells, and so forth) by
a laser beam under an optical microscope. On the basis of this particular ~ Fig. 1. Laser manipulation of a

] ) ) single microparticle in water.
technique, we have demonstrated 1) in situ  observation of the ion
diffusion processes in single ion-exchange resin microparticles, 2) the mass/electron transfer processes across
single microdroplet/water interfaces, 3) the photochemical cyanation reaction of an aromatic hydrocarbon

across a single droplet/water interface.

1.2. Simultaneous Extraction Detection of an Analyte Based on a Laser-Induced Microparticle
XN ELOL AN GG Some of an aqueous oil solution shows temperature-dependent phase separation.

As an example, an aqueous butanol (BuOH) solution undergoes phase separation at around room temperature.

On the other hand, water (H,O) absorbs 1064 nm light through the overtone bands of the OH-vibration mode
of water. Based on such phenomena, one can produce a single BuOH microdroplet by focused 1064 nm laser

irradiation to an aqueous BuOH solution: Fig. 2. Similarly, focused A~ A~ A A~
continuous-wave 1064 nm laser irradiation to an aqueous poly(N- .~ N\ .7 ./ ./ ./ \
0s 15s

isopropyl acrylamide) (PNIPAM)/alcohol solution under an optical Fig

2. Laser-induced  single
microscope can produce single PNIPAM/alcohol microparticle and microdroplet formation in an aqueous
the produced microparticle is trapped simultaneously by the incident butanol solution (7.1 wt%%).
laser beam. In the presence of a fluorescent dye, rhodamine B (RhB), RhB is extracted to the microparticle
produced by laser irradiation. Our preliminary study has demonstrated that RhB in an aqueous
PNIPAM/butanol (BuOH) solution as low as 1073 mol/L is extracted to the PNIPAM/BuOH microparticle
as demonstrated by in situ fuluorescence microspectroscopy of the microparticle. In practice, we have

confirmed laser-induced extraction of RhB to the PNIPAM/BuOH microparticle at a single molecule level.

1.3. Laser Trapping of Single aerosol roplets in Air: RWYSRiEAE

. . . . 25°C 20°C 10 °C
succeeded in laser trapping of single aerosol water droplets levitated
|
L h 2%
in air. Furthermore, we have demonstrated that aerosol water Al !
0°C 10 °C -25°C |
droplets in air do not freeze down to —60 °C since the water droplet o o o i
levitated in air without physical contact other than air is not likely e e T :
to form a freezing nucleus: see Fig. 3. Similar to the aerosol water o o ° -’
pm

droplets, single acrosol dimethyl sulfoxide (DMSO) or ter--BuOH  Fjo 3. Laser trapping of a single

droplets with the bulk freezing temperature (f,) being +18.5 and ~ acrosol water droplets at several
temperatures.
+25.7 °C, respectively, does not freeze in air down to —60 and  ca.



0 °C, respectively. Furthermore, we have demonstrated that the solution viscosity of aerosol DMSO, water,

or ethanol droplets increased with a decrease in the aerosol droplet diameter.

1.4 Development of Pulsed Laser Shock Wave Technique for Mechanochemical Phenomena: @\

reported triboluminescence of N-alkylcarbazole crystals. Triboluminescence of crystals is in general induced

by manual grinding of the crystals by a glass rods or spatula and,
therefore, such experiments cannot afford quantitative information
of triboluminescence. For quantitative discussion on
triboluminescence, we proposed a pulsed laser shock wave
(PLSW) method. In the PLSW method, a shock wave generated
by irradiation of a pulsed laser beam to a solid substrate is
employed as mechanical force for triboluminescence. In practice,
we have succeeded in determining the threshold laser power to
induce triboluminescence of N-isopropyl carbazole crystals by the

PLSW method.

Shock Wave

and Transition Metal

2. Photochemistry
We reported the spectroscopic and photophysical

properties of various organic (triarylboranes) and transition metal

complexes (Ru(Il), Pt(Il), Re(I), Mo(II), W(II), etc). As an example,

of Organic

we have found that octahedral hexanuclear metal cluster complexes
whose general structure is shown in Fig. 5 show intense and long-
lived phosphorescence both in solution and solid phases at room
temperature. In order to elucidate such unique emission properties
of a hexanuclear metal complex, we recently conducted a
systematic study on the spectroscopic and photophysical properties
of a series of hexanuclear Mo(Il) clusters in the temperature (T)
range of 3 ~ 300 K. The study has demonstrated the emitting excited
triplet state of an Mo(II) cluster splits in energy as large as ca. 1000
cm™! and the splitting energies in the excited triplet state of Mo(II)
complexes (AE1,) are shown to be correlated linearly with the forth

power of the atomic number of the atom composed of the cluster
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Fig. 4 Triboluminescence of N-

isopropylcarbazole crystals by a pulsed
laser shock wave technique.
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Fig. 5. Structure of an octahedral
hexanuclear molybdenum(II) cluster.
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Fig. 6. Correlation between AEi,

and [Z(X)]*

of a series of

hexanuclear Mo(II) clusters.

(Z(X)): AE1n o< [Z(X)]* Figure 6. This is the first demonstration for the Z* power dependence of the zero-

magnetic-field splitting in the excited triplet state.
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