20181009 Masuhara-Sugiyama Joint Lab Meeting

2018 Nobel Prize Physics Awardee Dr. Arthur ASHKIN and
Our Research on Laser Trapping Dynamics and Chemistry

Hiroshi MASUHARA
masuhara@masuhara.jp
Department of Applied Chemistry, National Chiao Tung University



mailto:masuhara@masuhara.jp




Arthur Ashkin
From Wikipedia, the free encyclopedia

Arthur Ashkin (born September 2, 1922)112l5] js an American scientist and Nobel
laureate who worked at Bell Laboratories and Lucent Technologies. Ashkin has been
considered by many as the father of the topical field of optical tweezers, 41516 for
which he was awarded the Nobel Prize in Physics 2018. He resides in Rumson, New

Jersey.l/

Ashkin started his work on manipulation of microparticles with laser light in the late
1960s which resulted in the invention of optical tweezers in 1986. He also pioneered
the optical trapping process that eventually was used to manipulate atoms, molecules,
and biological cells. The key phenomenon is the radiation pressure of light; this
pressure can be dissected down into optical gradient and scattering forces.
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At Bell Labs, Ashkin worked in the microwave field until about 1960 to 1961, and then switched to
laser research. His research and published articles at that time pertained to nonlinear optics, optical
fibers, parametric oscillators and parametric amplifiers. Also, at Bell Labs during the 1960s, he was
the co-discoverer of the photorefractive effect in the piezoelectric crystal.[4l18]

Ashkin's work formed the basis for Steven Chu's work on cooling and trapping atoms, which earned
Chu the 1997 Nobel Prize in physics.l5]

Besides optical tweezers, Ashkin is also known for his studies in photorefraction, second harmonic
generation, and non-linear optics in fibers.413]

Recent advances in physics and biology using optical micromanipulation include achievement

of Bose—Einstein condensationin atomic vapors at submillikelvin temperatures, demonstration of
atom lasers, and detailed measurements on individual motor molecules.413]

On October 2, 2018, Ashkin was awarded the Nobel Prize in Physics for his work on optical
trapping.l2l Ashkin "was honored for his invention of 'optical tweezers' that grab particles, atoms,
viruses and other living cells with their laser beam fingers. With this he was able to use the radiation

pressure of light to move physical objects, 'an old dream of science fiction', the Royal Swedish
Academy of Sciences said."[22
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History of Optical Trapping and Manipulation of
Small-Neutral Particle, Atoms, and Molecules

A. Ashkin, Life Fellow, IEEE

Invited Paper

Abstract—This paper reviews the history of optical trapping and
manipulation of small-neutral particles, from the time of its origin
in 1970 up to the present. As we shall see, the unique characteristics
of this technique are having a major impact on the many subfields
of physics, chemistry, and biology where small particles play a role.

equilibrium point in space. with the property that any displace-
ment of a particle away from this point results in a restoring
force.

Over the years. these newly found laser trapping and manipu-
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[. INTRODUCTION

WILL review the history of optical trapping and manipula-

tion of small neutral particles. with particular emphasis on
the origins of the field. This subject. which did not even exist be-
fore the advent of lasers. now plays a major role in single particle
studies in physics. chemistry. and biology. It was known from
physics and the early history of optics that light had linear and
angular momentum. and. therefore. could exert radiation pressure
and torques onphysical objects. These effects were so small. how-
ever. that they were not easily detected. To quote J. H. Poynting’s
presidential address to the British Physical Society in 1903, con-
cerning radiation pressure forces. “A very short experience in
attempting to measure these forces is sufficient to make one re-
alize their extreme minuteness—a minuteness which appears to
put them beyond consideration in terrestrial affairs ...” The study
ofradiation pressure was considered exciting physics. butnot very
practical at the turn of the previous century when Nichols and Hull
[1] and Lebedev [2] first succeeded in experimentally detecting
radiation pressure on macroscopic objects and absorbing gases.
The subject essentially dropped into obscurity until the invention
of the laser in 1960 [3].
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ACCELERATION AND TRAPPING OF PARTICLES BY RADIATION PRESSURE

A, Ashkin
Bell Telephone Labovatories, Holmdel, MNew Jersey 07733
(Heceived 3 December 19GH)

Micron=gized particles have been accelerated and trapped in stable opltical potential
wells uging only the foree of radiation pressure f'rom a contineous laser. It is hypotho-
sized that similar aceelerations and trapping are possible with atoms and molecules us-
ing laser light tuned to specific oplical transitions. The implications for izotope sep-
aration and other applications of physical interest are dizeussed,

.

o | o
a | M
.Eﬂl,l

ey

[ O — ’p.

fﬂ a FILTER

L S

DOWN

[a)

L
=1 " |LasEr
T e ¥l |BEAM=2

o “oown

B
(b

FIG, 1, (a) Geometry of glass cell, ¢ =120 gm, for
observing micron particle motions in a focused laser
beam with a microacope M. (b) The trapping of a high-
index particle in a stable optical well. MNote position
of the TEMg,-mode beam waists,
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Optical Levitation by Radiation Pressure

A. Ashkin and J.M. Dziedzic

Bell Telephone Laboratories, Holmdel, New Jersey 07733
(Received 14 June 1971; in final form 13 August 1971)

The stable levitation of small transparent glass spheres by the forces of radiation pressure
has been demonstrated experimentally in air and vacuum down to pressures ~1 Torr. A sin-
gle vertically directed focused TEMy,-mode cw laser beam of ~ 250 mW is sufficient to sup-
port stably a ~ 20-p glass sphere. The restoring forces acting on a particle trapped in an op-
tical potential well were probed optically by a second laser beam, At low pressures, effects
arising from residual radiometric forces were seen. Possible applications are mentioned,
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Observation of a single-beam gradient force optical trap for
dielectric particles

A. Ashkin, J. M. Dziedzic, J. E. Biorkholm, and Steven Chu
AT&T Bell Laboratories, Holmdel, New Jersey 07733

Received December 23, 1985; accepted March 4, 1966

Optical trapping of dielectric particles by a single-beam gradient force trap was demonstrated for the first reported
time. This confirms the concept of negative light pressure due to the gradient force. Trapping was observed over
the entire range of particle size from 10 ym to ~25 nm in water. Use of the new trap extends the size range of

macroscopic particles accessible to optical trapping and manipulation well into the Rayleigh size regime. Applica-
tion of this trapping principle to atom trapping is considered.

LASER BEAM

a)

b)

Fig.1. a) Diagram showing the ray optics of aspherical Mie
particle trapped in water by the highly convergent light of a
single-beam gradient foree trap. b) Photograph, taken in
fluorescence, of a 10-pm sphere t.rappec:l in water, showing
the paths of the incident and scattered light rays.
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Optical trapping and manipulation 1,06 pem
ﬂf Si]'l,gIE.' cells using Laser beam
infrared laser beams

-

XY, Z mount

A. Ashkin*, J. M. Dziedrzic* & T. Yamane?®

* ATET Bell Laboratories, Holmdel, New Jersey 07733, LISA
T ATAT Bell Laboratories, Murray Hill, New Jersey 07974, USA

Use of optical traps for the manipulation of biological particles s

was recently proposed, and initial observations of laser trappinF E}_H_

of bacteria and viruses with visible argon-laser light were reported’.
We report here the use of infrared (1) light to make much
improved laser traps with significantly less optical damage 1o a
variety of living cells. Using [R light we have observed the reprodoc-
tion of Escherickia coli within optical traps at power levels sufficient
to give manipulation at velocities up to ~500 pm s~". Reproduction WI 0B, :

of yeast cells by budding was also achieved in IR traps capable /'

of manipulating individual cells and clumps of cells at velocities — 8L
of ~100 pm s~". Damage-free trapping and manipulation of sus- sample .7
pensions of red blood cells of humans and of organelles located sell F|| F # : £ i R
within individual living cells of spirogyra was also achieved, largely — v 7 sta
as a result of the reduced absorption of haemoglobin and ' : Y STE slaae
chlorophyll in the IR. Trapping of many types of small protozoa _f '|' p
and manipulation of organelles within protozoa is also possible. cL

The manipulative capabilities of optical technigues were exploited ¥ /

in experiments showing separation of individual bacteria from one

sample and their introduction into another sample. Optical orienta- I @

tion of individual bacterial cells in space was also achieved vsing

& pair of laser-beam traps. These new manipulative techniques Fig.1 Combined high-resolution optical microscope and 1.06 pm
using IR light are capable of producing large forces under damage- infra-red laser trap for observing, manipulating and separating
free conditions and improve the prospects for wider use of optical bacteria and other organisms.

maninulation techniones in micrabinloev.

’_.l'

Bacteria

Fig.2 The division of yeast cells in the IR trap. An original clump
of two cells increases o four cells and then to six cells as shown
in a and b after a total elapsed time of about 3 h.
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Optical Trapping and Manipulation of
Viruses and Bacteria

A. ASHKIN AND ]. M. DzIieEpzIC

Optical trapping and manipulation of viruses and bacteria by laser radiation pressure
and dense oriented arrays of viruses were trapped in aqueous solution with no
apparent damage using ~ 120 milliwatts of argon laser power. Trapping and manipula-
in a high-resolution microscope at powers of a few milliwatts.

SCIENCE, VOL. 235

REPORTS I§I7

size range of 10°, from ~10 pm down to a
few angstroms, which includes both Mie-
and Rayleigh-size particles.

The sensitivity of laser trap effectiveness
to optical absorption and particle shape is of
particular importance for the trapping of
biological particles. Absorption can cause an
excessive temperature rise or additional ther-
mally generated (radiometric) forces as a
result of temperature gradients within a
particle (9). In general, the smaller the part-
cle size the less the temperature rise and the
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X
Forces of a single-beam gradient laser trap on a dielectric sphere
in the ray optics regime

A, Ashkin
ATET Bell Laboratones, Holmaie|, e Jarﬁay 07733

ABSTRACT We calculate the forces of single-beam gradient radiation pressure laser traps, alsc called “optical tweezers,” on
micron-sized dielectric spheres in the ray oplics regime. This serves as a simple model system for describing laser trapping and
manipulation of living cells and organelles within cells. The gradient and scattering forces are defined for beams of complex shape
in the ray-optics mil. Forces are calculated over the entire cross-section of the sphere using TEM,, and TEMZ, moda input intensity
profiles and spheres of varying index of refraction. Strong uniform traps are possible with force variations less than a factor of 2 over
the sphare cross-section. For a laser power of 10 mW and a relative index of refraction of 1.2 we compule trapping forces as high
as ~1.2 = 10°° dynes in the weakest (backward) direction of the gradient trap. It is shown that good frapping requires high
convergence beams from a high numerical aperture objective. A comparison is given of traps made using bright field or differential
interference contrast optics and phase confrast ophics.
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of this technique are having a major impact on the many subfields
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equilibrium point in space. with the property that any displace-
ment of a particle away from this point results in a restoring
force.

Over the years. these newly found laser trapping and manipu-
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Extensive use of optical trapping techniques has been made
in the field of microchemistry, which studies the spectroscopy
and chemistry of small jsm-sized domains. Experiments com-
bining trapping with fluorescence. absorption spectroscopy.
photochemustry, and electrochemistry were performed. Poly-
merization. ablation. and other microfabrication techniques
were demonstrated with micron samples. Beam scanning
techniques were developed for trapping of pm-sized metal
particles. low index particles. and moving of particle arrays in
complex patterns. These experiments are by Masuhara ef al.
[183]. summarizing the results of a five year ERATO project.

[183] H.Masuhara F. C. deSchryver, N. Kitamura, and N. Tamai, Microchem-
istry-Spectroscopy and Chemistry in Small Domains: North Holland,
1994

[184] R Bar-Ziv, R. Menes, E. Moses, and S. A Safran, “Local unbinding of
pinched membranes ™ Phys. Rev. Lett., vol. 75, p. 3356, 1995,

[185] R. Bar-Ziv, T. Frisch, and E. Moses, “Entropic expulsion i vesicles,”
Phys. Rev. Left._vol. 75, p. 3481, 1995.



[X. THE FUTURE

Looking ahead to the early vears of the new century. it seems
fair to predict that use of optical manipulation techniques will
contmue to grow at an increasmgly rapid pace in the many
subfields of physics, chemustry, and biology involving small
particles. We are entering an era of increasing emphasis on
the small for applications and for basic science. Microtech-
nology. small machines. small motors. motor molecules. gene
sequencing. genetic engineering. and biological computers are
already familiar terms. The role of laser tweezers and manip-
ulation 1n basic sciences has been truly revolutionary. Atomic
physics 1s once again growing in vitality. The cooling of atoms
to the lowest temperature vet observed. the achievement of
BEC. superfluid behavior of condensates. and atom lasers give
new ways of studying quantum effects. The mmpact of laser
technology on the biological sciences may prove to be equally
revolutionary.
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Laser-Controlled Association of Polyv(/V-vinvlcarbazole) in Organic Solvents: Radiation
Pressure Effect of a Focused Near-Infrared Laser Beam

Pawel Borowicz,” Jun-ichi Hotta, Keiji Sasaki,® and Hiroshi Masuhara*
Department of Applied Physics, Osaka University, Suita, Osaka 363, Japan
Received: March 28, 1997: In Final Form: May 22, 1997®

Microassociation of poly(N-vinylcarbazole) by a focused near-infrared laser beam (cw-YAG. 1064 nm) was
first demonstrated 1n organic solvents. Investigations were made mn cyclohexanone and N _N-dimethvifor-
mamide, where only the radiation force 1s responsible for formation of the micrometer-sized particle. The
following conditions of the formation process were examined for elucidating the mechamism: polymer
association as a function of the concentration (range 3.3—6.8 wt %). the relation between the trapping laser
power and the time of condensation. and the influences of the temperature and the solvent properties upon
the formation process.



J. Phys. Chem. B 1999, 103, 1660—1663

Photon Pressure-Induced Association of Nanometer-Sized Polvmer Chains in Solution

Trevor A. Smith,”* Jun-ichi Hotta,® Keiji Sasaki,”® Hiroshi Masuhara,*” and Yoshihiro Itoh'

Department of Applied Physics, Osaka University, Suita, Osaka 565-0871, Japan, and Department of
Functional Polymer Science, Faculty of Textile Science and Technology, Shinshu University,
Tokida, Ueda, Nagano 386-8567, Japan

Received: September 11, 1998 In Final Form: January 4, 1999

The photon pressure effect induced by a focused mfrared laser beam upon two kinds of water-soluble carbazolyl-
containing copolymers in aqueous solution 1s shown to result in the formation of single microparticles. The
minumum size of the polymer chamns at which the photon pressure overcomes the Browmian motion and the
electrostatic repulsion 15 determined to be 10—20 nm. The rate of particle formation and the final particle
size are shorter and larger. respectively, as the carbazolyl content of the polymer 1s higher. This indicates that
the polarizability plavs an important role in the photon pressure-induced association process.



J. Phys. Chem. B 1998, 102, 1896—1901

Chemical and Optical Mechanism of Microparticle Formation of Polyv(/N-vinylcarbazole) in
N.N-Dimethylformamide by Photon Pressure of a Focused Near-Infrared Laser Beam

Pawel Borowicz,” Jun-ichi Hotta, Keiji Sasaki,* and Hiroshi Masuhara*
Department of Applied Physics, Osaka University Suita, Osaka 565, Japan
Received: September 26, 1997 In Final Form: January 5, 1998

We focus our attention to the laser-controlled association process of poly(N-vinylcarbazole) by “pure” photon
pressure effect. A few wt % N N-dimethylformamide solution of the polymer was irradiated with a focused
1064 nm laser beam of sub wattage power, and a resultant condensation (microparticle formation) at a focal
point of the microscope was mmtially probed by backscattering of He—Ne laser and later observed by
transmission image of the microscope. To understand in detail the behavior of the polymer induced by the
photon force, the relation between laser power and particle diameter, as well as repeated wrradiation effect,
were investigated. The laser-controlled association was successfully demonstrated even for short polymer
chains of about 20 mean degrees of polymerization. Fluorescence spectra and their rise and decay curves
were measured microspectroscopically for a formed microparticle. The results are different from those of
the polymer mn solution, suggesting the association structure 1s characteristic of photon pressure effect.
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Laser-Controlled Assembling of Repulsive Unimolecular Micelles in Aqueous Solution

Jun-ichi Hotta, Keiji Sasaki,” and Hiroshi Masuhara™
Department of Applied Physics, Osaka University, Suita, Osaka 565-0871, Japan

Yotaro Morishima
Department of Macromolecular Science, Osaka University, Tovonaka, Osaka 560-0043, Japan

Received: June 11, 1998; In Final Form: August 12, 1998

Laser manipulation techniques were applied to the control of molecular assembling m D20, An amphiphilic
random copolymer. which has hydrophilic and hydrophobic segments in a single chain and forms a
monopolymer micelle through self-organization. 15 demonstrated to receive photon pressure of a focused
near-infrared laser beam. Upon prolonged uradiation with the beam. a single microparticle 1s formed at a
focal point, and 1t dissolves very quickly after switching off the laser beam. The behavior indicates that
electrostatic repulsion between micelles 1s overcome by photon pressure. The assembling processes were
examined as a function of wradiation time and polvmer concentration and are discussed.



Assembling and Orientation of Polyfluorenes in Solution Controlled by a Focused
Near-Infrared Laser Beam

Sadahiro Masuo,”* Hirovuki Yoshikawa,” Heinz-Georg Nothofer.? Andrew C. Grimsdale,?
Ullrich Scherf,®- Klaus Miillen,® and Hiroshi Masuhara®"

Department of Applied Physics, Osaka University, Suita, Osaka, 565-0871, Japan, and Max-Planck-Institute for
Polymer Research, Ackermannweg 10, Postfach 3148, D-55021 Mainz, Germany

Received: December 26, 2004; In Final Form: February 21, 2005

Ordered fibnl- and particle-like assemblies of poly(2.7-(9.9-bis(2-ethylhexyl)fluorene)) can be formed by
photon force of a focused near-infrared laser beam during the drying process of its tetrahydrofuran solution
on a glass substrate. These formations have been achieved controllably by combining laser wrradiation with
convection in the cast solution; that 1s, when viscous drag of the solution 1n the convection 1s stronger than
the photon force, the fibrl-like assemblies can be formed. Molecular orientation in the assemblies differs
from that in self-assembled fibril-like structures. and maybe 1t can be controlled by the polarization direction
of the focused laser beam. We have demonstrated that the length and width of the assemblies can be controlled
by the mrradiation time. the laser power, the concentration of the solution, and the convection rate mn the
solution. On the other hand, when the viscous drag of the solution in the convection 1s weak compared to the
photon force, particle-like assemblies in which molecular orientation 15 controlled by polanzation direction
are formed.






Thiacarbocyanine dye J-aggregation in optical trapping potential

Yoshito TANAKA. Hiroyuki YOSHIKAWA. and Hiroshi MASUHARA
Department of Applied Physics. Osaka University. Suita. Osaka 565-0871. Japan

ABSTRACT

Optical assembly of J-aggregates has been investigated by focusing a CW Nd°"YAG laser (A=1064nm) in THIATS
solution. Spectroscopic property of THIATS dye was analyzed by using a confocal fluorescence microscope. As a result,
we found that fluorescence spectra, or electric structure, of the THIATS J-aggregates change following the increase of
concentration. These THIATS J-aggregates were trapped and gathered at the focal point by focusing NIR laser beam 1into
THIATS solution. Then fluorescence from the focal spot was concurrently detected with the same trapping laser beam
which 1s due to NIR two-photon absorption because of its extremely high intensity. Fluorescence spectrum at the focal
spot changed sinularly to the increase of concentration. This result could be explamned by the transformation info J-
agpregates with higher polarizability in the focal spot of NIR laser. Furthermore, we have succeeded in depositing J-
agpregates, whose structure 1s selected, in the vicimty of the focal spot by optical trapping.

Keywords: J-aggregates, optical trapping, self-assembly. 3,3'-bis-[3-sulfopropyl]-5.5'-dichloro-9-ethyl thiacarbocyanime,
supramolecular aggregates, nanotechnology, nanoscience, photon pressure, two-photon speci 1scopy, confocal
fluorescence image, evaporation process
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Two-Photon Fluorescence Spectroscopy of Individually Trapped
Pseudoisocyvanine J-Aggregates in Aqueous Solution

Yoshito Tanaka, Hirovuki Yoshikawa,™ and Hiroshi Masuhara™

Department of Applied Physics and Handai Frontier Research Center, Osaka University,
Suita, Osaka 565-0871, Japan

Received: May 23, 2006, In Final Form: July 24, 2006

We have investigated a pseudoisocyanine dve aqueous solution imcluding nanometer-sized J-aggregates by
combining optical trapping and two-photon fluorescence spectroscopy. By focusing an intense near-infrared
laser into an 8 x 1073 M solution. the intense fluorescence from J-aggregates for a few to tens of seconds is
observed intermittently, indicating that mmdividual J-aggregates are trapped in and diffuse out from a focal
spot. The peak position and full width at half-maximum of the J-band are different from each other. By
measuring 171 J-aggregates, it was found that J-aggregates can be classified largely mnto two groups. The
existence of two kinds of groups of J-aggregates could be attributed to the difference in the nucleation process,
which 1s affected by the substrate. J-aggregates possessing a J-band of a narrower bandwidth 1in a shorter
wavelength region are trapped for a longer perniod of time, indicating that highly ordered J-aggregates are
trapped for a longer period of time because of their high polanzability.
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Appl. Phys. Lett., Vol. 78, Mo. 17, 23 Apnl 2001

Optical patterning and photochemical fixation of polymer nanoparticles
on glass substrates

Syoji Ito, Hiroyuki Yoshikawa, and Hiroshi Masuhara®
Department af Applied Physics, Osaka University, Suita, Osaka 565-0871, Japan

(Recerved 7 December 2000; accepted for publication 21 February 2001)

A method for fixing patterned nanoparticles onto a substrate was developed by combiming
photopolymerization with a laser manipulation technique. Nanoparticles were dispersed i ethylene
glycol contamming monomer, crosslinker, and photomitiator, and gathered at the focal poimnt of a
trapping laser beam (1064 nm) just on a glass substrate. Local photopolymernization within and
around the nanoparticles assembly was induced by additional irradiation of a pulsed-laser beam (355
nm), resulting in generation of polvacrylamide containing nanoparticles. The polymernzed assembly
was evaluated by atomic force microscope observation. By scanming both trapping and excitation
laser beams, patterned nanoparticles could also be fixed on a glass substrate. © 2001 American

Institute of Physics. [DOI: 10.1063/1.1366646]
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Laser manipulation and fixation of single gold nanoparticles
in solution at room temperature

Syoji Ito, Hiroyuki Yoshikawa, and Hiroshi Masuhara®

Department of Applied Physics and Frontier Research Center. Osaka University, Suita, Osaka 565-0871,
Japan

(Recerved 2 August 2001; accepted for publication 14 November 2001)

A method to fix single gold nanoparticles on glass substrate was demonstrated 1in solution at room
temperature by utilizing focused mtense laser beams. A single gold nanoparticle of 80 nm was
optically trapped and manipulated to a surface of a glass substrate, and then fixed on 1t by irradiation
with ultraviolet (UV) laser light. Smitable laser fluence range for the fixation was determined to be
32— 60 mJ/em’. above which the individual nanoparticles were fragmented to several smaller

fragments of 10 to 40 nm. The fixation mechanism 1s discussed in view of pulsed-laser-induced
transient temperature elevation. © 2002 American Institute of Physics. [DOI: 10.1063/1.1432753]
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Figure 4. (a) Microstructure resembling the “Arch of Triumph”
produced by simultaneous irradiation with UV and NIR lasers. (b)
Microstructure produced by UV irradiation only. The two structures (a

and b) were produced via the same procedure with the same blueprint.
Applied UV powers are shown in the figures.
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Trapping-induced
Morphological Change and Phase Transition



A Single Droplet Formation from Swelled Micelles
by Radiation Pressure of a Focused Infrared Laser
Beam

Jun-ichi Hotta. Kej1 Sasaki.* and Hiroshi Masuhara*

Department of Applied Physics, Osaka University
Suita, Osaka 363, Japan

Received May 22, 1996
Revised Manuscript Received August 19, 1996

Radiation pressure due to photon momentum change was
prospected by Newton. theoretically proved by Maxwell, and
experimentally confirmed by Lebedev.! Based on the radiation
pressure, a micrometer particle 1n solution can be trapped by a
laser beam. which was demonstrated for the first time by
Ashkin ? The Brownian motion of microparticles is completely
suppressed without any comtact and destruction. hence the
trapping method 1s very useful to treat microparticles m solution.
We have developed this method further to manipulate a single
or plural microparticle(s) freely in three-dimensional space by
introducing a computer-controlled pair of galvano mirrors;
scanning laser micromanipulation.® Now, chemucal applications
are conducted by combining this method with fluorescence
spectroscopy. photochemical reaction, laser ablation, and elec-
trochemistry using a microelectrode It is also known that
radiation pressure i1s exerted upon Rayleigh particles that are
smaller than the wavelength. Therefore., spectroscopy and
chemistry of a single molecular assembly, quantum particle, and
so on 1 solution 15 expected.

J Am. Chem. Soc. 1996, 118, 11968—11969
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LASER INDUCED PHASE TRANSITION IN AQUEOUS SOLUTIONS OF
HYDROFHOBICALLY MODIFIED POLY(N-ISOPROPYLACRYLAMIDE).

JOHAN HOFKENS', JUN-ICHI HOTTA', KEDJI SASAKI'. HIROSHI
MASUHARA', HERMAN FAES? FRANS DE SCHRYVER?

'Department of Applied Physics, Osaka University, Suita, Osaka 565, J apan
*Department of Organic Chemistry, KULeuven, Celestijnenlaan 200 F, Belgium

Abstract : Phase transitions of amphiphilic copolymer solutions can be achieved by
irradiating aqueous solutions of this polymer with an IR-laser beam. As a result, a
single microparticle up to 15 ym is formed, whereas thermal heating of the soiution
results in submicrometer particles. Both the photo-thermal effect (due to absorption
of 1064 nm by the H;O overtone) and the radiation force cause the unusual large
particle formation (up to 15 pum). Furthermore, the present study shows that the
conformational distribution and associations of polymers in solution can be
controlled with the radiation force of a focused laser beam.
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Manipulation of liquid crystal textures with a focused near infrared
laser beam

Jun-ichi Hotta, Keiji Sasaki * and Hiroshi Masuhara
Department of Applied Physics, Osaka University, Suita, Osaka 563, Japan

(Recerved 19 May 1997; accepted for publication 15 August 1997)

a).b)

Optical manipulation of disclinations and defects mm ligqud crystal films was demonstrated and
discussed in terms of mass transfer induced by radiation pressure and of molecular rotation under
the optical electric field. Onentation of liguid crystal molecules was controlled by changing the
polanization direction of a focused cw laser beam. A disclination line could be deformed by moving
the focal spot, just like drawing a bow. A point defect followed the laser beam so that 1t could be
freely transported in the film. When two disclination points were optically mamipulated to become
fused. the defects disappeared immediately and did not return after switching off the laser. © [907
American Institute of Physics. [S0003-6951(97)01041-3]
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Our Study
on
Laser Trapping Dynamics and Chemistry at Interface



An intense CW-YVO, laser beam of 1064 nm was focused
into a supersaturated D> 0 solution of glycine, leading to its crys-
tallization. At the focal point on an air—solution interface, a small
single glycine crystal was trapped and grew quickly. The crystal-
lization mechanism 15 considered in view of gathering and or-
ganization of large solute clusters of glycine by photon pressure.



Crystal growth of glycine was accelerated just by focusing a
CW 1064-nm laser beam at a position adjacent to a spontaneous-
ly generated glycine crystal in Do, Its rate depended on the dis-
tance between the crystal and the focal spot. Interesting crystal
crowth and dissolution were found, which 1s considered to be

due to Ostwald ripening.



Crystal Growth & Design, Vol. 10, No. 11, 2010

DOIL: 10.1021/cg100830x

Communication
Crystallization in Unsaturated Glycine/D,O Solution Achieved 2010, Vol. 10
by Irradiating a Focused Continuous Wave Near Infrared Laser 4686-4688

Thitiporn Rungsimanon,” Ken-ichi Yuyama,” Teruki Sugiyama,* and
Hiroshi Masuhara*™+

YGraduate %’dwa!' of Materials Science, Nara Institute of Science and Technology, Tkoma 630-0192,
Japan, and * Department of Applied Chemistry and Institute of Molecular Science,
National Chigo Tung University, Hsinchu 30010, Taiwan

Received June 22, 2010; Revised Manuscript Received September 12, 2010

ABSTRACT: The crystallization of glycine in unsaturated solution is made possible by laser trapping of its molecular clusters due to
photon pressure of a focused continuous wave near-infrared laser beam. Always one single crystal is spatiotemporally formed at a focal
spot, and then 1t undergoes dissolution, eventually leading to repetitive crystallization and dissolution. The polymorph characterization
of the crystal formed in unsaturated solution confirmed the y-form, which is not obtainable by conventional crystallization methods.

The preparation probability of the y-form compared to the a-form is much higher than that in the supersaturated solution.



J. Phiye, Charm. Latt 2010, 7, 5994603



J. Phys. Cham. Laft. 2010, 7, 599403












Abstract We investigated laser trapping orvstallizatvon
of ghvcine by using femtosecond (fs) laser as a Lrappang
hght source. Inmpulsively exerted s Llaser pulses corvstmlh sed
elvcine more effectively than that indoaced by conbnuaaoas
wave (W) laser trappang. Hhighly effacient ocrvstall ivation
arnd crvstal growth behavior indicates s laser irradiation
ncreasad the concentration ol only at the focal spot. buat
alse around the laser focus. Furthermorse, we found thet
nradiatn of fs pulses o OW leaser-indoced locallvy hagh
supersamration region enables immediate orvsiallizatiorn.
Spattemporall vy controlled mggering of a single crvstal
formation with sub-second time resolution has achaee ved by
mitegrating fs and OW laser rapping techniques.
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Exploring New Trapping Phenomena
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Resonance optical trapping of individual dye-
doped polystyrene particles with blue- and
red-detuned lasers

TETSUHIRO Kupo,"* HAJIME ISHIHARA,? AND HIROSHI MASUHARA ™

‘Department of Applied Chemistry, College of Science, National Chiae Tung University, Hsinchu
30010, Taiwan
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Abhstract: We demonstrate resonance optical trapping of mdividual dve-doped polystyrene
particles with blue- and red-detuned lasers whose energy are higher and lower compared to
electronic transition of the dye mwolecules. respectively. Through the measurement on how
long indrvidual particles are trapped at the focus. we here show that immobilization time of
dyve-doped particles becomes longer than that of bare ones. We directly confirm that the
immmobilization time of dye-doped particles trapped by the blue-detuned laser becomes longer
than that by the red-detuned one. These findings are well interpreted by our previous
theoretical proposal based on nonlinear optical response under mntense laser field It 1s
discussed that the present result 15 an important step toward efficient and selective
mamipulation of molecules. guantum dots, nanoparticles. and various nanomaterials based on
their quantum mechanical properties.
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