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Laser Forming Frontiers in Chemistry

Fal a2 fE DL=F
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1992, R.A.Marcus (Electron Transfer)

¢

1986, D.R.Herschbach, Y.-T.Lee, J.C.Polanyi (Elementary Reaction Process)

1971, G.Herzberg  (Free Radical) 1999 A. H. Zewail  (fs Chem.)

1967, M.Eigen, R.G.W.Norrish, G.Porter  (Fast Reaction)

109 sec ( 1012sec 1013sec 1014 sec
©——

1960 1970 1980 1990 2000

10°m  10°m 109 m ;5
(Confocal) (TEM, SEM) (STM NSOM (< 10" m)
1986, E.Ruska, G.Binni)g, H.Rohre (Microscope)

FEIn R & ZRDFEDILE

Laser & Microscope have high potential in opening new molecular research !
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Stage I, RS2 M5 &L FIBIE

Time-resolved Spectroscopy and Photochemical Processes
(1965-1991)

IBROFIEFEARM - TALK/NRBE

Quantum chemical and electronic spectroscopic studies on n-radicals,
Koizumi Laboratory at Tohoku University (1965-1968)

L—HF—HR b SRICKHBFRHBEOHR : RARXEH
Laser Photolysis Studies on Electron-Donor-Acceptor Systems,
Mataga Laboratory at Osaka University (1968-1984)

R R RS HIC K DF—SFERRIGORTE : FERT =HH K FRER

Time-resolved Reflection Spectroscopy on Films and Powders,
Kyoto Institute of Technology (1984-1991)



Stage II; BEAFEI N ERIEEMS AL U OEEA
From Spectroscopy and Photochemistry to Micro Chemistry

(1988-1994)

B+ - REOEE. 9%, L7

Spectroscopy, Photochemistry, and Electrochemistry of Single Trapped
Nicro Particles and Droplests,

ERATO project (1988-1994)

BE—3 A4/ niEADEEEDNL
Ultrafast Spectroscopy of Single Micro Crystals,

ERATO project (1988-1994)

EERERILFEMRIC S 53 BHREOBEHRHHEMNT

Surface Fabrication in Solution by Scanning Electro Chemical Microscope,
ERATO Project (1988-1994)



Stage III; ¥4V Q{LEM L L—HF—F/ EEA
From Micro Chemistry to Laser Nano Chemistry
(1991-2007)

T/ afkET/ RhiLFE
Nano Spectroscopy and Nano Photochemistry,

Osaka University (1998-2007)

T/ rSvEVT ERELRE
Nano Manipulation and Chemistry of Photon Pressure,
ERATO project and Osaka University (1991-2007)

F/T7TL—2a DEAFSVREANZXL
Nano Ablation Dynamics and Mechanism,
Kyoto Institute of Technology and Osaka University (1991 -2005)



Stage IV; BEL—Y—RITKBN\1FE LU FROEE
Manipulation of Bio/Molecular Systems by Intense Laser Beams

(2003 -present)

L—Y—Riefai
Laser Trapping Crystallization,
Hamano Foundation (2007), NAIST (2008-2011), and NCTU (2008- )

L—¥—HEERRE
Laser-Controlled Crystal Growth,
Osaka University (2006-2007), NAIST (2008-2011), and NCTU (2008- )
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Femtosecond Laser Manipulation and Functionallization of Single Living Cells
Osaka University (2003-2007), NAIST (2008-2011), and NCTU (2008-2015)
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Introduction

Sugiyama, Yuyama, Masuhara,

“Laser trapping chemistry: From polymer assembly to amino acid
crystallization”

Acc. Chem. Res., 2012, 45, 1946-1954
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Principle of laser trapping of nanometer-sized particles

thot: grad + I:scat_l_ I:abs
Near IR laser beam
thot: grad
Obijective 1
— 2
= ~&nla| V| E]
2 m
_ g —&.
o =3V —+
£, + 28,
Gradient
a r—a
V = 47z_[ r ZeXF{—jdr
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(6 =10/ 27K,)

Scattering force, Absorption force



“Trapping, Assembling, and Nucleation Phenomena”

Just trapping — Extended trapping N

Optlcal potential

~1um a few ym ~ several tens um

K ™ Metal or polymer nanoparticley K ™ Polymer chains j

Nucleation and Growth

several tens ym ~ a few mm

Molecular clusters _ _
\ Laser trapping Nucleation Growth /




Laser trapping of polymers inside solution reported by us in 1990’s

—F—CH-CH, 1

HsC~

Poly(n-vinylcarbazole)

-Nat
C,,H,550, Na

—f€ CH.CH )E(_ CH.CH
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I\IIH I\IIH
CH. CH

CH, (I 2)17
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I
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H.C

Swelled micelles

CH,

PNIPAM / alkanoic acid copolymer

Poly(N-isopropylacrylamide)

comonomer R; R, R3
@ NIPAM  -H -CH(CH), -H
NIPMAM -CH3 —CH(CH3)2 -H
HBC’N\ CH, DMAM  -H  -CH, -CH3
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Pyrene-labeled PNIPAM
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Poly(N-isopropylmethacrylamide)
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Amphiphilic copolymer with
carbazolylalkyl groups

H
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H,C  CHs

Poly(N, N-dimethylacrylamide)
T
| 1

P

NH

Pyrene-labeled poly (2-(acrylamido)-methylpropanesulfonate-co-
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Laser Trapping Assembling inside Solution
Forming a Single Sphere

PEO polymer Dye-doped Polystyrene NPs Amino acid
(Molecular weight:100-900 kDa) (Particle size:100 nm) (glycine)
4000 : ‘ . , , 6 0 min 2 min 4 min
asool Back-scattered light from the focus | ? (107
3 250 € 4t
izo Q
3 0 S 6 min 10 min 8 min
3 3 Fluorescence from the focus
g 1000 8 2 _
. ‘ . o
0 50 100 150 200 250 0 ' ' . L
time (s) 0 20 40 60 80 100 ack-scattered light from the focus 3 > m
Time (s)
Singer W. et al., Phys. Rev. E Hosokawa C. et al., Phys. Rev. E Tsuboi Y. et al., J. Phys. Chem. C
2007, 75, 011916 2007, 70, 0614140 2013, 114, 5589

» Nanometer-sized objects like polymers, nanoparticles,
amino acids are sequentially trapped in the focal
volume, and the local concentration is increased with
irradiation time.



Laser Trapping of Amino Acids at Solution Surface

Inducing Crystallization

16 s

12 s

Glycine in heavy water
Sugiyama, Adachi, Masuhara, Chem. Lett., 2007, 36, 1480



Sugiyama, Adachi, Masuhara, Chem. Lett., 36, 1480, 2007



Laser trapping crystallization of amino acids

Name Glycine Alanine Phenylalanine
0O O O
HsC
Structure OH OH
HoN OH
NH, NH;
Rungsimanon, Yuyama, Sugiyama, Masuhara,  Yuyama, Ishiguro, Sugiyama, Masuhara, Yuyama, Sugiyama, Masuhara,
Tohani, Miyata, Proc. of SPIE, 2012, 8458, 84582D-1 J. Phys. Chem. Lett., 2013, 4, 2436
J. Phys. Chem. Lett, 2010,1, 599 Yuyama, Wu, Sugiyama, Masuhara,
Rungsimanon, Yuyama, Sugiyama, Masuhara, Photochem. Photobio. Sci., 2014, 13, 254
Cryst. Growth Des., 2010, 10, 4686
Yuyama, Rungsimanon, Sugiyama, Masuhara,
Cryst. Growth Des., 2012, 11, 2427
Sugiyama, Yuyama, Masuhara,
Acc. Chem. Res., 2012, 45,1946
Name Serine Threonine Valine Leucine Isoleucine
O OH CH; O O CHs O
H3GC HaCo_~
NH- NH>» NH, CH3; NH, NH,

<Unpublished>

https://www.sigmaaldrich.com/japan.html/



Laser trapping amyloid formation

Cytochrome c

Yuyama, Ueda, Nagao, Sugiyama, Hirota, Masuhara
In preparation (2016)



Formation of amyloid fibril by laser trapping
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~ monomer N Domain-swapped dimer —
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Fluorescence characterization of amyloid formation by thioflavin T

(a)

SEM observation



TEM observation




TEM observation




(@)

(o)

D,0 solution of dimeric cyt ¢

stage scan
34 assembly

nd .
22" assemblies
1st

25 Pm —

4 bound assemblies

bottom cover glass




Protein crystallization upon
switching trapping laser off

Lysozyme

Yuyama, Chang, Tu, Sugiyama, Masuhara
In preparation, 2016



Preparation procedure of HEWL buffer solution

.20

Side =mrerrE=

view ""2 mm
Overh Z:ﬁﬁ? I

ead :

view

N
Adding HEWL

buffer solution
iInto the container
(80 pL)

Concentration
(Total Volume)

40 mg HEWL in 1.0 ml D,0
buffer
(80 pL)

NaCl

2.7 %

Laser power

0.5,0.8and 1.1 W

Laser Polarization

Linear, Right- and Left-
handed
Circular, Depolarized

Irradiation time

30, 60, and 90 min

AN

4-6 hours for
Spontaneous nucleation

I

A

(§

a point of 3 um above a

glass surface

Turning
off laser

60-min laser irradiation at

_Cc
Y| l

Observa
tion




Laser trapping of protein at solution surface
gives a single disc-like assembly instead of a crystal

Lysozyme 40mg/ml with 2% NaCl, Transmittance images

_I N
_________ . Solution
surface

£

1064nm: 1W

Transmittance images




Laser trapping inside the solution gave no crystal and assembly, but we
found many crystals were formed upon stopping laser trapping.

Optical Setup

__________

Objective
lens
60X, N.A.=
0.9

Motbrize
d
XY

stage

laser &
(A: 1064 nm)

—CW-Diode—

laser }\

L (). :532 nm) |

verted microscope %

< ?Rmm}

ber

26 m ' )

Glass substrate

Half-wave

plate
Polarizing

beam splitter

|

CCD -
Camera D l
Comput

er

41



Distribution of crystallization position
depending on laser power

Spontaneous nucleation Laser trapping-induced nucleation
Aging tim Observation time Irradiation time Observation time
4 hrs 20 hr 1hr <30 min (for 0.8 and 1.1}W)
120 min (for 0.5 W)
0 hr 4 hr 24 hr 0 hr 1hr 1.5 hr (or 3 hr)
(Linearly polarization)
Each condition : 10 samples ——Chamber
B Crystal

(d)11w Unit : mm

X oaml PR S
N N, S

Total # of Crystal : 99 Total # of Crystal : 107 Total # of Crystal : 103 Total # of Crystal : 98

42



The position distribution of HEWL

crystal depending on laser power

LW / [e1sA19 Jo Jaquiny

n o
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1 1
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We proposed that a large highly concentrated
domain formed around the focus by laser trapping.
Here we extend systematic study toward control
of HEWL nucleation through the domain.

Laser Highly concentrated Crystal generation inside
trappin domain formation of } } the domain formed by laser
HEWL clusters trapping
Glass
aLELCLY Laser
irradiation

= =

Chamber Highly concentrated domain



Fluorescence study on highly concentrated domain
formation in D,O

5-TRITC 0 min 15 min 30 min
(Tetramethylrhodamine M 2.00
-5-isothiocyanate)
1.75
Focal spot
1.50
1.25
I 1.00
HEWL : F-HEWL = Temporal change in distribution of fluorescence intensity by laser trapping
|
(E—WL Is 5-TRITC labeled . .
HEWL) , S it ——>€ Mo aser & >
10 um away from a
s ] focus
10 um 5

i : i 16 1 :

Focal spoti'r_ % E 14 ] E

Observation = E

point 2 E

20 l.lm : 0 1‘0 2‘0 3’0 4‘0 50
Time [min]
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(a) (b) (€) (@

cluster domain  onentational relaxation
formation In cluster domain

/w/f>/—o'7¢’/_*’7¢/
& & &0 97

ormalion o switching off nucleation n a

a large-sized dense the laser specific area
Cluster domain

switching on
the laser



Supramolecular assembling upon
switching trapping laser on and off

azobenzene-based bis-calix[4]arene

Yuyama, Marcelis, Su, Chung, Masuhara
In preparation, 2016



Absorption

Absorption spectra of trans-cis isomerization of

compound 14 (bis-isoxazole)

z AT
= -
A
L [ o _
- , N
1 T
H
0 OH gH HO N’rN
i
ZN
14
N=N
cis-azo-Bis-isoxazole 14

0.8+
0.6 1
— solution
—— UV for10s
UV for 30 s
0.4+ —— UV for 1 min
—— UV for 2 min
UV for 3 min
—— UV for 4 min
0.2+ —— UV for 5 min
—— UV for 6 min
UV for 7 min
00 T T T T - — 1
300 400 500 600

Wavelength (nm)

(a) 10°° M in CH,CI,/MeOH = 1/5 under UV light (365 nm) irradiation
for different times

Absorption

0.8+
0.6 1 T
] —— UV for 7 min
— light for 2 min
0.4 1 light for 4 min
. — light for 6 min
—— light for 8 min
— light for 10 min
0.2 —— light for 12 min
light for 14 min
— light for 16 min
0.0 . , . , , .
300 400 500 600

Wavelength (nm)

b) 10° M in CH,CI,/MeOH = 1/5 under UV light irradiation for 7 mins
212

and further visible light irradiation for different times

48



Absorption spectra of trans-cis isomerization of
compound 7 (fri-oxazole)

uv
Vis

trans-azo-Bis-triazole 7 (Gel) cis-azo-Bis-triazole 7 (Solution)
(@) 0.0- (b)
b 0.40 ~
0.35 ]
l 0.35 4
0.30 T
0.30
0.25
IS5 c 0254
= ) -
5] 0.20 ) ‘é_ 0.20 UV light irradiation for 60s
a . . . ] <Y visible light irradiation for 20s
o) 1 —_—
< Before UV light irradiation 3 visible light irradiation for 60s
0.15 = UV light irradiation for 10s <
—— UV light irradiation for 20s 0.15 visible light irradiation for 120s
—— UV light irradiation for 30s . visible light irradiation for 4 mins
0.10 T UV light irradiation for 40s 0.10 4 visible light irradiation for 6 mins
—— UV light irradiation for 50s + visible light irradiation for 10 mins
0.05 A UV light irradiation for 60s 0.05 visible light irradiation for 15 mins
0.00 . , . : — 0.00
300 400 500 600 ’ ) T j T ' |
300 400 500 600
Wavelength (nm) Wavelength (nm)
i i 1tri -5 . . ..
(a) Absorption spectrum of compound 7 in Acetonitrile (1 x 10 M), (b) Absorption spectrum of compound 7 in Acetonitrile (1 x 10 -5 M), after
using 365 nm irradiation for different times UV light irradiation for 60 s, and further using tungsten irradiation for

different times



Gelation properties for compound 7 and 14 in different organic solvents

Solvent 7 (Bis-triazole) 14 (Bis-isoxazole)
CH,CI, s S
CHCl3 S S
1,2-dichloroethane S P
DMSO S S
DMF S S
THF S S
Benzene pP P
Toluene S P
p-Xylene G° (3.73, 33 mg/mL)* P
p-Dioxane S S
Pyridine S S
Ethyl acetate S S
Acetone S S
Acetonitrile G (1.79, 14 mg/mL) P
n-Hexane I° I
MeOH G (0.19, 1.5 mg/mL) I
EtOH G (0.20, 1.6 mg/mL) |
n-Propanol G (0.56, 4.5 mg/mL) P
Isopropanol G (0.24, 1.9 mg/mL) I
n-Butanol G (0.87, 7.1 mg/mL) P
t-Butanol G(0.67, 5.3 mg/mL) |
Cyclohexane S S
Cyclopentanone S S
Cyclohexanone S S

2§ = solution (& K); PP = Precipitate CTLi); °G = gel (%EF8) ; 9() : wt %; ¢l = Insoluble.(A~ & ##); PG= Partial gel (&} 73 5Ef8)



SEM images of compound 7

b)10FM.intMethatiok )O3 M.ih Ethanol “NN
(G0FMirWerRaml” EIENO NN Etharcl

—~c

NCTU Sh:80 SEM SEI 50kV  X10,000 WD 5.0mm 1um NCTU Sbh:80 SEM SEI 50kV  X30,000 WD60mm 100nm NCTU Sbh:80 SEM SEI 50kvV  X50,000 WD60mm 100nm

» T 7.

NCTU Sbh:80 SEM SEI NCTU Sbh:80 SEM SEI 50kV  X30,000 WD50mm 100nm NCTU Sbh:80 SEM SEI 50kY  X20,000 WD 6.0mm Tum




Dipole-dipole interaction
\

n—n stacking interaction and photoresponsive functional group

\
H-bonding

52



The X-ray structure of compound 14

1A " N2




Assembly formation by laser trapping
at a solution surface

Switch on

trapping
laser

Switch off

trapping
laser

Size of images; 80 X 60 u m?



Assembly morphology after switching off trapping laser

Rayleigh scattering image

Transmission
image

(with confocal scanning microscope)

100 x 80 um? 100 x 80 um?




A large mm-sized domain of liquid-like
clusters where crystallization takes
place

L-Phenylalanine

Yuyama, Sugiyama, Masuhara

J. Phys. Chem. Lett., 2013, 4, 2436-2444
Yuyama, George, Thomas, Sugiyama, Masuhara
Cryst. Growth Des., 2016, 16(2), 953-960



Laser trapping crystallization of L-phenylalanine

L-Phe unsaturated
aqueous solution -

(supersaturation degree; 0.83)

L -phenylalanine (L-Phe) 'IIIIIIIII' L aser
! 2 \ y power
1.1W
O 120-160 ym

OH objective lens
NH x60, NA=0.90
2 :
CW laser | :
(A=1064nm) ,
v

CCD camera




Under unsaturated condition




Crystallization of L-phenylalanine

Crystallization behavior (S5=0.67) Crystallization behavior (5S5=0.83)
(1) 0 sec (2) 548 sec (1) 0 sec (2) 170 sec

ot LS )

— 20 um —— e 20 UM
(3) 568 sec (4) 588 sec (3) 180 sec (4) 195 sec

o o

/ 23 um

*The formation of the plate-shaped anhydrous crystal from the focal spot

*The 100% crystallization probability (unsaturated and saturated solutions)

10/23



Under unsaturated condition

<CCD image>

<Time evolution of crystal plane area>

Crystal plane area (um?)

2000
1500+
1000+

500+

Q

21 ym?/sec

0 L L L L L L L
0 10 20 30 40 50 60 70
Irradiation time after crystallization (sec)




Crystal plane area (um?)

Crystal growth control

2000
1.1W 1.1 W 1.1 W
1500 6.7 6.2 6.3
mm?/sec  mm?/sec mm?/sec
| 0.06 W 0.06 W
1000 (0 mm?/sec) (0 mm?/sec)
500 '
i 0'0-0/
0 OOO : ' '
0 100 200

300

Irradiation time after crystallization (sec)



200
H w 6W
S 150} 1.1 0.0 o
o rystallization QEEC
& S ..“°°°°°o
% 100+ \ % @
o 00
S 50f
O 3
0 1 ‘ | 1 1 ¢
0 50 100 150 200 250
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Crystal size is decreased through crystal dissolution.



Possible mechanism

Irradiationat1.2 W

/

0 0@ o< 0 @
A s 3 %

formation of a dense domain nucleatlon crystal growth

\/

K
Outward diffusion of a dense dcmryfsltml d|ssolution
Irradiation at 0.06 W




A highly concentrated domain surrounding the crystal

Original focal position
Movement
distance 4= [ 200 pum/sec e >
Z | -~ -
| % $ l g $ e
Crystallization by laser Manipulation of the Dissolution of the crystal
irradiation crystal
50
= 700 pum
3 © 0 BOREA 900 um
530°0°°7%0, O
(V] (0} 5
o S 2
2 10}
>
° ol ‘ ‘ ‘ .
0 250 500 750 1000 Image size; 30 X 22.5 um?

Distance from the original position (um)

Lateral manipulation of the crystal at the surface suggests
that the crystal is surrounded with a dense domain.



Laser trapping coupled with optical
scattering/propagation gives a single crystal

L-Phenyalanine

Yuyama, Sugiyama, Masuhara

J. Phys. Chem. Lett., 2013, 4, 2436-44

Yuyama, George, Thomas, Sugiyama, Masuhara
Cryst. Growth Des., 2016, 16(2), 953-960
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Addition of colloidal solution ~ Re-trapping of crystal

Trapping at the crystal edge is possible.



Trapping at the crystal edge
PSllLer%ds |$
— —EAER

Addition of colloidal solution Re-trapping of crystal




Trajectories of PS beads

“

Particle (4)

Crystal

L
Focal spot

Particle (1)

Particle (2) Particle (3)
<every 0.2 sec>




Laser off

Laser on (0.06W)

Repetitive behavior<






Trapping site shift from the focal point to the
edge surface of the growing crystal

(1) Crystallization

—» (2) Crystal growth

« Crystal nature of L-Phe

« Trapping laser

~_~ peculiar structure

(3) Efficient light scattering
or light propagation

—— (3) Further crystal growth




Laser trapping coupled with optical scattering and
propagation gives a single assembly

Polystyrene nanoparticles

Wang, Yuyama, Kudo, Sugiyama, Masuhara
J. Phys. Chem. C, 2016, 120, 15578-15585
Wang, Yuyama, Kudo, Sugiyama, Masuhara
Langmuir, 2016, in press



Mr. Shun-Fa WANG, Ph. D. student getting the degree this autumn.




Experimental Setup

1064 nm

Nd**:YVO, laser

1 Inverted Microscope

—

CCD
detector

Detected position 0um 4pm 8 um

Laser power: 1.4 W

Sample:
208 nm Polystyrene beads in
D,0O solution

Particle concentration:
2.0 x 10! particles/ml
(0.20 particles/um?)
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Observation Methods of Trapping Dynamics

Transmission imaging Imaging and spectroscopic analysis
of backscattered light

Halogen
lamp
glass Sample Sample

Cover

Stage Stage
Transmitted Backscattered White light from
light light halogen lamp

Camera

Camera or
Spectrograph
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Transmission Imaging of
Nanoparticle Assembly Formation

-~

2X Speed
P Halogen lamp illumination from top side 20 i
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Transmission Images of
Nanoparticle Assembly Formation

» Nanoparticle assembly showed coloration, although polystyrene
nanoparticles have less absorption in visible region.

» Coloration on the assembly may be structural color.
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Backscattering Imaging of
Nanoparticle Assembly Formation

Halogen lamp illumination from back side (through objective lens)
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Backscattering Images and Reflection Spectra of
Nanoparticle Assembly Formation

Detected iti
etected posi |dln() pm 12 (;;D'i
S o
8 &
S
L 1)
4 ©
x
(I) 0 sec (”) 2 sec 1k _— 0 -
(80110 g _
”1'1')\'.” My _— 110 N
I A 3
m!‘ww, . — 90 fé
w" DL AL A B ()
" e - g
(iv) 25 sec (vi) 120 sec "'\'lﬁmm ' - <
i 2 F
. | i 5 <
Mgt b
IV L A B
1% T 5
T I T I T |
400 500 600 700

Wavelength (nm)

» Reflectance band appeared at 600 nm.
It implies that an ordered structure like a colloidal
crystal was formed in the assembly.

4
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Bragg’'s Law for Colloidal Crystal

Bragg's law:
mA = 2ndsin@

O
-

Py m: diffraction order

- A: wavelength of diffracted light

S S S S S n: refractive index of the colloidal crystal
d: inter-particle distance

0. incident angle of light

A

Sensors and Actuators B 125 (2007) 589-595
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Bragg’s Law for Colloidal Crystal

Bragg's law:
mA = 2ndsinf

A wavelength of diffracted light
- ofractive ind 4 loidal |

d: inter-particle distance

-S-iretreentangie-of-igit-

Sensors and Actuators B 125 (2007) 589-595

» In colloidal crystal, the wavelength of reflected light is shifted to
shorter wavelength with the decrease in particle distance.
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Backscattering Images and Reflection Spectra of
Nanoparticle Assembly Formation

Detected iti
etected posi |dln() pm 12 (;;D'i
S o
8 &
S
L 1)
4 ©
x
(I) 0 sec (”) 2 sec 1k _— 0 -
(80110 g _
”1'1')\'.” My _— 110 N
I A 3
m!‘ww, . — 90 fé
w" DL AL A B ()
" e - g
(iv) 25 sec (vi) 120 sec "'\'lﬁmm ' - <
i 2 F
. | i 5 <
Mgt b
IV L A B
1% T 5
T I T I T |
400 500 600 700

Wavelength (nm)

» Reflectance band appeared at 600 nm.
It implies that an ordered structure like a colloidal
crystal was formed in the assembly.

4
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Analysis of Time Evolution of Reflection Spectra
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wavelength
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} * Increase in assembly thickness
 Decrease in particle distance
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Analysis of Time Evolution of Reflection Spectra

1.0 -

Normalized reflectance

08|
06|
oal E o
0.2 [F¥

0.0

Wavelength (nm)
700 650 600 _ 550 500

... 80 sec
- - 90 sec
— 100 sec

18 2.0 22 24
Photon energy (eV)

» Narrowing of band width

L ¥

100 sec

[ % 9 % ¥

(% %
(S X Y
¢eeee¢

) * Increase in homogeneity of
particle packing structure
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Normalized reflectance

1.0

0.8}
0.6 -
0.4 -
0.2

0.0

Reflection Spectra at Different Positions

120 sec irradiation

Wavelength (nm) Detected positiohoum| [4um| |8 pm |

700 650 600 550 500
L o, Detection position

— 0 pm

—— 4 um
o \ /

18 20 22 24
Photon energy (eV)

» In normalized spectra, reflection band at the boundary of the
assembly was narrower compared to that of the assembly center.

» Homogeneity of the assembly structure becomes better toward the

assembly boundary.

85



Reflection Spectra at Different Positions

Detected positidd um|[4 um|[8 um |
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> Peak reflectance decreased along the assembly center to the boundary.

» The assembly becomes thicker and it has thickness distribution.
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Peak wavelength (nm)

Reflection Spectra at Different Positions

Detected positidd um|[4 um|[8 um |

—_—

680
—&— center
660 (B) —<4— 4 um
8 um
640
(A) (C)
620 +
600
580 :

0 20 40 60 80 100 120

Irradiation time (sec)

» In the assembly boundary, the peak wavelength was located in

long position.

» The assembly structure is tighter in the center while
looser in the boundary.
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Spectral Change after Turning off Laser

-
N

-
N

0 ],lm 8 §f 4 l,l,m 8 § 8 ”m — 8 gj
0 % IV TORENIVOTA P I 0 é __0 g
0.9 ;gg 0.9 ;"—3 §:
500 d00 ' 700 ) 00 ' doo ' Joo o 500 ' 600 ' 700
Wavelength (nm) Wavelength (nm) Wavelength (nm)
750 . . .
A Laser off after 120 sec irradiation
£ 7001
§650- .
g . » Peak wavelength was shifted to longer
§ 01 o~ 4mm wavelength, accompanying with reflectance
—A— 8 mm . .,
550 , , , decrease in all positions.
0.0 0.3 0.6 0.9 1.2
Irradiation time (sec)
» Assembly structure is under dynamical balance between gradient

force of trapping laser and repulsive force between particles.
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A nanoparticles assembly expands out of the focus!

Inhomogeneous structure is confirmed.

Optical potential

9 Optical trapping forcg

Gathering of nanoparticles Formation and growth of Dynamic rearrangement into
a nanoparticle assembly a dense periodic array
with periodic array structure
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(a) Nacl; 0 ug/mL

L1

(b) NaCI; 100 pg/mL




(2) NaCl; 0 ug/mL

(i) 0.03 sec (iii) 5 sec

®

(iv) 12 sec (vi)40 sec
©

I
10 ym

(b) NaCl; 100 ug/mL

(i) 0.03 sec (il) 4 sec (iii) 9 sec

' - »~
© € w0

(iv) 22 sec (v) 50 sec (vi) 75 sec

-

\ ':..l: & ..;' ((@,‘\

10 ym



(b)

(f)

(d)




(a) Assembly growth through homogeneous scattering

(i) (ii) (iii) (iv)
o ]
) (%]
uo’y
Without salt
(b) Assembly growth through directional scattering
() (i) (ii) (iv)
4 93029395
O &> @ oo
. Rl N 9
With salt .
\\ J
N ﬁ So UHes Steady-state assembly
(C) (ii) e (i » R Optical potential O Focal spot

Directionally expanded
optical potential

Circularly expanded
optical potential

Aggregate detachment




Direct confirmation on light propagation
In laser trapping assembling

Polystyrene nanoparticles

Wang, Yuyama, Sugiyama, Masuhara
J. Phys. Chem. C, 120, 15578-15585
Kudo, Wang, Yuyama, Masuhara
Nano Lett., 16, 3058-3062 (2016)



Dr. Tetsuhiro KUDO styed with us for several months as a PhD
student of Osaka Prefecture Univeristy studying on Optical
Properties of Matters. After he obtained his degree, he joined me
to start his new career as an experimentalist in NCTU.




Optical setup and sample

Halogen lamp
i Focused at a glass/water interface
: Condenser lens
{ [Glass A . (NA 0.52)
Polystyrene O ; _Sample focused in 1 |.|m2
[ =]
particles o O o ' 1Stage| (several 100 MW/cm?2)
(5_00 nm.in Objective lens
diameter) ) (NA 0.95)
N2 or N4
Nd3*:YVO, laser Collimation lens ~ Wave plate
1064 nm Dichroic mirror

continuous wave laser

| 1010 nm short pass filter

Beam splitter E 0 Spectrometer

Pln hole
|CCD cameral|




Transmission images of the colloidal assembly
formed by optical trapping at the interface

Laser Bio/Nano Science Laboratory

Linearly polarized light, 1.4 W




Transmission images of the colloidal assembly
formed by optical trapping at the interface
Linearly polarized light, 1.4 W Movie

Laser Bio/Nano Science Laboratory



Transmission images of the colloidal assembly

formed by optical trapping at the interface
Linearly polarized light, 1.4 W

Laser Bio/Nano Science Laboratory



Transmission images of the colloidal assembly
formed by optical trapping at the interface

Circularly polarized light, 1.4 W

Laser Bio/Nano Science Laboratory



Transmission images of the colloidal assembly
formed by optical trapping at the interface

Circularly polarized light, 1.8 W Movie

Laser Bio/Nano Science Laboratory



Backscattering image ot
1064 nm trapping laser

Just after the |
laser irradiation Four horns Six horns

(a)

Laser Bio/Nano Science Laboratory



(a, b) Laser intensity distribution in focal plane
(c, d) Structure of formed assembly
(e, f) Back scattering images of 1064 nm trapping laser

Linearly polarized light Tetragonal
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Trapping at the interface

Focused into solution Focused at a glass/water interface

[Glass | |Glass N |

Water Water OO0
O @)
(@) 8apped e » ® e O o
O
3 © o o ©

|Glass | [Giass I

Strong laser intensity

The present laser power of 1.4 W is about 100 times higher
than minimum laser power (15 mW)

Laser wavelength vs. particle size

1064 nm laser gg%#eorgin'?sy serve
: - n
500 nm particle ohotonic vvaveséﬁ?daé




Our proposals on laser trapping dynamics

A large millimeter-sized domain of liquid like-clusters is
formed at solution surface for amino acids, proteins, and
supramolecules.

A single crystal and a single assembly are formed at
solution surface for amino acids and polystyrene
nanoparticles, respectively.

Packing and orientation prepared at the focus propagate
to the outside through strong intermolecular interactions..

Optical trapping, scattering, and propagation are coupled,
which is named optically evolved assembling.



Mr. Wei-Yi Chiang, Ph. D. student who stayed in KUL and is
staying again for 20 October 2016 - 19 July 2017.




Laser Trapping by Femtosecond pulses

Point Dipole (Rayleigh) Approximation | aser trapping with Pulsed lasers

Lorentz Force
|:Lorentz - [P 'V]E'

2
|:temporal :%(nigoalc)at‘E‘

J.P. Gordon, Phys. Rev. A 1973, 8,14;
LG Wang, LG Zhao, Opt Express 2007,15,16015

P=y"E+ y?EE+ yPEEE+..
NLO effects

‘Pulsed Lasers

Temporal Force
NLO Effects

Impulsive Peak Powers

Periodical Field; Periodical Optical Forces
Relaxation and diffusion between consecutive
pulses.

cC\W

Constant Field,
Constant Optical Forces,
Suppressed Diffusion,
Steady Trap




Our Experimental Setup

White Light
c
Qr----f----
g | Laser Pulses
2! (800 nm; 120 fs, Dark Field
3 80 MHz) Condenser Lens
D] (NA 1.4-1.2)
9N,
St
.

m——— Sample
|
Objective Lens
_________________ (60 x NA0.90)

Dichroic Mirror

Collimation Control s /00 M SP filter

CCD

Objective Lens

Rayleigh Scattering Imaging



Optical Trapping and Directional Ejections of Polystyrene NPs

Anwar Usman*, Wei-Yi Chiang, Hiroshi Masuhara* 20 um

CW <> E

J. Photochem. Photobiol. A: Chemistry 2012, 234, 83

\\
200 L /]‘S/P
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We have prepared silica NPs covered with TEOS and PDI.

H3C/\/\/\/\Si/o/\% TEOS
C~)WO\\CH:‘)
SiNPs 4 ( PD| In Toluene
100 E 2 \ —
v OO

QOQ i SN Room temperature,

24 hr stirring

Controlling different concentration ratio of alkysilane and PDI to obtain varied dye
coverage on SiNPs and avoid PDI aggregations on particle surface.

Ejection behavior is observed now for silica NPs covered with TEOS and PDI!

(In preparation for J. Phys. Chem. C)
Femtosecond Laser Trapping, Assembling, and Ejection Dynamics of
Hydrophobic Nanoparticles in Aqueous Solution

Wei-Yi Chiang,t® Anwar Usman,?” Teruki Sugiyama,! Johan Hofkens,>* Hiroshi
Masuharat”



450 nm 150 nm 128 nm 100 nm

450 nm

when we used the sample modified by low concentration silane solution, which means the
coverage on surface of silice was low, the ejection from ball shape changed to fan shape
again as what polystyrene beads showed.



Dyes synthesis ;

O‘
0 N 0
. _ _ /
Synthesizing unsymmetrical perylene dye (PDI) which F—0N

has ethoxysilane groups that can react on the silica surface.

\/O\



H-NMR measurement
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Experimental setup

/_l\ White Light

Laser Pulses
+ | (800 nm; 120 fs,
80 MHz)

Pulse Compression

Y.

Objective Lens

(60 x NA 0.90)
Sample:

Dichroic Mirror  100-nm-sized SiNPs
| | Suspended in water
Collimation Control == 750nm SPfilter  C = 3.9 X10* particles/mL

polychromator A Laser power : 300 mW
CCD / -

Spectra exposure time = 0.033 s

Introducing fs pulsed laser into sample chamber which contain particle solution.
Taking advantage of polychromator to measure fluorescence spectra.



Video and spectra are different measurement!
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Video and spectra are different measurement!
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Video and spectra are different measurement!
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