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Laser & Microscope have high potential in opening new molecular research !
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Laser Forming Frontiers in Chemistry 
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Introduction

Sugiyama, Yuyama, Masuhara,

ñLaser trapping chemistry: From polymer assembly to amino acid 

crystallizationò 

Acc. Chem. Res., 2012, 45, 1946-1954
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Just trapping

Metal or polymer nanoparticles

zzzz

Nucleation and Growth

Optical potential

Nucleation Growth

~1 ɛm

Extended trapping

Polymer chains

a few ɛm ~ several tens ɛm

Molecular clusters
Laser trapping

several tens ɛm ~ a few mm

ñTrapping, Assembling, and Nucleation Phenomenaò
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Singer W. et al., Phys. Rev. E 

2007, 75, 011916

Laser Trapping Assembling inside Solution

Forming a Single Sphere 

PEO polymer
(Molecular weight:100-900 kDa)

ü Nanometer-sized objects like polymers, nanoparticles,

amino acids are sequentially trapped in the focal

volume, and the local concentration is increased with

irradiation time.

Back-scattered light from the focus 

Dye-doped Polystyrene NPs
(Particle size:100 nm)
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Hosokawa C. et al., Phys. Rev. E 

2007, 70, 0614140

Fluorescence from the focus 

Amino acid 

(glycine)

Tsuboi Y. et al., J. Phys. Chem. C 

2013, 114, 5589

Back-scattered light from the focus 



Laser Trapping of Amino Acids at Solution Surface 

Inducing Crystallization

12 s

Focal point

16 s 1 s

50 µm 

Glycine in heavy water

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



A near infrared CW laser focused at an air/solution interface induced 
crystallization of glycine, giving a length of 50 micrometer.

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



Laser trapping crystallization of amino acids

Name Glycine Alanine Phenylalanine

Structure

Name Serine Threonine Valine Leucine Isoleucine

Structure

<Unpublished>

Rungsimanon, Yuyama, Sugiyama, Masuhara, 
Tohani, Miyata,
J. Phys. Chem. Lett., 2010, 1, 599

Rungsimanon, Yuyama, Sugiyama, Masuhara, 
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

Yuyama, Ishiguro, Sugiyama, Masuhara, 
Proc. of SPIE, 2012, 8458, 84582D-1

Yuyama, Sugiyama, Masuhara, 
J. Phys. Chem. Lett., 2013, 4, 2436

Yuyama, Wu, Sugiyama, Masuhara, 
Photochem.  Photobio. Sci., 2014, 13, 254

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



Laser trapping amyloid formation 

in solution 

Cytochrome c

Yuyama, Ueda, Nagao, Sugiyama, Hirota, Masuhara

In preparation (2016)





Horse hear cytchrome c

C-terminal helix

monomer Domain-swapped dimer





Fluorescence characterization of amyloid formation by thioflavin T

SEM observation



TEM observation



TEM observation

100 nm 50 nm 20 nm





Protein crystallization upon 

switching trapping laser off 

at glass/solution interface

Lysozyme

Yuyama, Chang, Tu, Sugiyama, Masuhara

In preparation, 2016



Adding HEWL 

buffer solution 

into the container 

(80 mL)

Protein 
solutio

n

Side 

view

Overh

ead 

view

20 

mm 2 mm

Comp

uter 

Turning 

off  laser

Observa

tion

4-6 hours for 

Spontaneous nucleation

60-min laser irradiation at 

a point of 3 µm above a 

glass surface

Preparation procedure of HEWL buffer solution

Concentration 
(Total Volume)

40 mg HEWL in 1.0 ml D 2O 
buffer 
(80 ßL)

NaCl 2.7 %

Laser power 0.5, 0.8 and 1.1 W

Laser Polarization Linear, Right - and Left -
handed

Circular, Depolarized

Irradiation time 30, 60, and 90 min

39



40

30min 50min 60min

30mm

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

Solution 

surface

1064nm: 1W
Transmittance images



Optical Setup

(0.0, 0.0)

Chamber

Glass substrate

Y

X
26 mm

26 mm

41

Inverted microscope

Objective 
lens

60X, N.A.= 
0.9

CW: Nd 3+ :YVO4

laser
(l:1064 nm)

Half -wave 
plate

Polarizing 
beam splitter

CCD 
Camera

Comput
er 

Halogen 
lamp

CW: Diode 
laser

(l : 532 nm)

Motorize
d 

XY 
stage

Laser trapping inside the solution gave no crystal and assembly, but we 

found many crystals were formed upon stopping laser trapping.



Laser trapping - induced nucleationSpontaneous nucleation

0 hr 4 hr 24 hr

Observation time

20 hr

Aging time

4 hrs

0 hr 1hr

Observation time

30 min (for 0.8 and 1.1 W)

Irradiation time

1 hr

1.5 hr (or 3 hr )

Total # of Crystal : 98 
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-10 -5 0 5 10

-10
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5

10

-10 -5 0 5 10

Total # of Crystal : 99 Total # of Crystal : 103 

Unit : mm(a) Spontaneous (c) 0.8 W (d) 1.1 W

-10

-5

0

5

10

-10 -5 0 5 10

Total # of Crystal : 107 

(b) 0.5 W

Distribution of crystallization position 
depending on laser power

120 min (for 0.5 W)

Each condition : 10 samples
(Linearly polarization)
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(b) 0.5 W

The position distribution of HEWL 
crystal depending on laser power

AVG : 4.7 mm

SD : 2.4 mm

AVG : 2.3 mm

SD : 1.7 mm

AVG : 2.3 mm

SD : 1.2 mm

AVG : 2.3 mm

SD : 1.2 mm
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Chamber

Laser 
trapping

Highly concentrated 
domain formation of 

HEWL clusters

Crystal generation inside 
the domain formed by laser 

trapping

Glass 
substrate

Laser focus

Laser
irradiation

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. 

Highly concentrated domain
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Temporal change in distribution of fluorescence intensity by laser trapping

Focal spot

0 min 15 min 30 min

нл ˃Ƴ

5-TRITC
(Tetramethylrhodamine

-5- isothiocyanate)

HEWL : F -HEWL = 
16000 : 1

(F-HEWL  is 5 -TRITC labeled 
HEWL)

10 mm away from a 
focus

Fluorescence study on highly concentrated domain 

formation in D2O
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Supramolecular assembling upon 

switching trapping laser on and off 

at solution surface

azobenzene-based bis-calix[4]arene

Yuyama, Marcelis, Su, Chung, Masuhara

In preparation, 2016



300 400 500 600
0.0

0.2

0.4

0.6

0.8

A
b

s
o

rp
ti

o
n

Wavelength (nm)

 solution

 UV for 10 s

 UV for 30 s

 UV for 1 min

 UV for 2 min

 UV for 3 min

 UV for 4 min

 UV for 5 min

 UV for 6 min

 UV for 7 min

300 400 500 600
0.0

0.2

0.4

0.6

0.8

A
b

s
o

rp
ti

o
n

Wavelength (nm)

 UV for 7 min

 light for 2 min

 light for 4 min

 light for 6 min

 light for 8 min

 light for 10 min

 light for 12 min

 light for 14 min

 light for 16 min

(a) 10-5 M in CH 2Cl2/MeOH = 1/5 under UV light  (365 nm) irradiation 

for different times
(b) 10-5 M in CH 2Cl2/MeOH = 1/5 under UV light irradiation for 7 mins 

and further visible light irradiation for different times
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Absorption spectra of trans - cis isomerization of 
compound 14 ( bis- isoxazole )
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(a) Absorption spectrum of compound 7 in Acetonitrile (1 x 10 -5 M),     

using 365 nm irradiation for different times
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(b) Absorption spectrum of compound 7 in Acetonitrile (1 x 10 -5 M), after 

UV light irradiation for 60 s, and further using tungsten irradiation for 

different times

(a) (b)

trans-azo-Bis-triazole 7 (Gel) cis-azo-Bis-triazole 7 (Solution) 

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



Solvent 7 (Bis-triazole) 14 (Bis-isoxazole) 17 (triazole-control) 18 (isoxazole-control) 

CH2Cl2 S
a
 S I S 

CHCl3 S S P S 

1,2-dichloroethane S P I P 

DMSO S S G (2.22, 50 mg/mL) P 

DMF S S G (3.40, 50 mg/mL) P 

THF S S P S 

Benzene P
b
 P P P 

Toluene S P P P 

p-Xylene G
c
 (3.73, 33 mg/mL)

d
 P P P 

p-Dioxane S S P S 

Pyridine S S PG P 

Ethyl acetate S S I P 

Acetone S S I PG
f
 

Acetonitrile G (1.79, 14 mg/mL) P I P 

n-Hexane I
e
 I I I 

MeOH G (0.19, 1.5 mg/mL) I I I 

EtOH G (0.20, 1.6 mg/mL) I I I 

n-Propanol G (0.56, 4.5 mg/mL) P I I 

Isopropanol G (0.24, 1.9 mg/mL) I I I 

n-Butanol G (0.87, 7.1 mg/mL) P I P 

t-Butanol G(0.67, 5.3 mg/mL) I I I 

Cyclohexane S S I - 

Cyclopentanone S S  - 

Cyclohexanone S S  - 

Gelation properties for compound 7 and 14 in different organic solvents

aS = solution ( ); bP = Precipitate ( ); cG = gel ( ) ; d( ) : wt %;eI = Insoluble.( ); fPG= Partial gel ( )



SEM images of compound 7

51

(a)10-3 M in Acetonitrile (b)10-3 M in Methanol (c)10-3 M in Ethanol

1 mm

1 mm

80 nm
50 nm

80 nm

60 nm

(d)10-3 M in Isopropanol (e)10-3 M in t -Butanol

47 nm

50 nm
233.2 nm

202.8 nm

(f)10 -3 M in p-Xylene

66 nm

83 nm

800 nm

600 nm



Van der Waals interactionOH
OH

H- bonding

Dipole- dipole interaction

p-pstacking interaction and photoresponsive functional group

OH
OH
OH

52
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The X - ray structure of compound 14



Size of images; 80˷60 ѧm2

0 sec 2 sec 4 sec 10 sec

Assembly formation by laser trapping
at a solution surface

sea urchin like structure

Switch on 

trapping 

laser

Switch off 

trapping 

laser



Assembly morphology after switching off trapping laser

100 × 80 ѧm2

Transmission 
image

100 × 80 ѧm2

Rayleigh scattering image

(with confocal scanning microscope)



A large mm-sized domain of liquid-like 

clusters where crystallization takes 

place

at solution surface

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-phenylalanine (L-Phe)

L-Phe unsaturated 

aqueous solution
ˢsupersaturation degree; 0.83ˣ

Laser power

1.1W

CCD camera

CW laser
ˢɚ=1064nmˣ

objective lens

x60, NA=0.90

120-160 ɛm



Laser trapping of L-Phe inside solution

Under unsaturated condition

5 ɛm

molecular assembly



Crystallization of L-phenylalanine

Crystallization behavior (SS=0.67)

ÅThe formation of the plate-shaped anhydrous crystal from the focal spot

ÅThe 100% crystallization probability (unsaturated and saturated solutions)

Crystallization behavior (SS=0.83)

20 ɛm

focal 
spot

(1) 0 sec (2) 170 sec

(3) 180 sec (4) 195 sec

10/23



Laser trapping crystallization of L-Phe at solution surface

Under unsaturated condition
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Crystal growth control
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Crystal dissolution

98 sec 138 sec

188 sec 238 sec

Image size; 40 30 
ʈm2

0 50 100 150 200 250
0

50

100

150

200

 

 

C
ry

s
ta

l 
p

la
n

e
 a

re
a

 (
m
m

2
)

Irradiation time (sec)

1.1 W 0.06 W
Crystallization

Crystal size is decreased through crystal dissolution.



Possible mechanism 

nucleation

Irradiation at 1.1 W

Irradiation at 0.06 W

formation of a dense domain crystal growth

Outward diffusion of a dense domaincrystal dissolution



A highly concentrated d0main surrounding the crystal

Crystallization by laser 
irradiation

Original focal position

Manipulation of the 
crystal

Movement
distance

Dissolution of the crystal
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Lateral manipulation of the crystal at the surface suggests 
that the crystal is surrounded with a dense domain.
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Laser trapping coupled with optical 

scattering/propagation gives a single crystal

at solution surface

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



Trapping at the crystal edge (1.1 w)

PS beads
Χ ʈm

Addition of colloidal solution

10 ʈm

1 s
17 
s

Re-trapping of crystal

Trapping at the crystal edge is possible.



Trapping at the crystal edge

PS beads
Χ ʈm

Addition of colloidal solution Re-trapping of crystal



Trajectories of PS beads

Particle (4)

<every 0.2 sec>

Particle (1)

Particle (2) Particle (3)

Crystal

Focal spot



Laser trapping of L-Phe crystal

7 s

1 s 0.2 s 0.8 s

Laser off

Laser on (0.06W)

crystal

Repetitive behavior

20 ɛm

diffusion Trapping 1 Trapping 2 Trapping 3





Trapping site shift from the focal point to the 

edge surface of the growing crystal

(1) Crystallization

(2) Crystal growth

ÅCrystal nature of L-Phe

Å Trapping laser

(3) Efficient light scattering 

or light propagation

peculiar structure

(3) Further crystal growth



Laser trapping coupled with optical scattering and 

propagation gives a single assembly 

at solution surface

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

Laser power: 1.4 W

Detected position 0 mm 4 mm 8 mm
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Observation Methods of Trapping Dynamics

Transmission imaging

Halogen

lamp

Sample

bottle

Stage

Cover

glass
Sample

bottle

Stage

Imaging and spectroscopic analysis
of backscattered light 

Camera Camera or 

Spectrograph

White light from

halogen lamp

Transmitted

light

Backscattered

light



Transmission Imaging of 
Nanoparticle Assembly Formation

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



Halogen lamp illumination from back side (through objective lens)

Backscattering Imaging of 
Nanoparticle Assembly Formation

2X Speed

20 mm
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Backscattering Images and Reflection Spectra of 
Nanoparticle Assembly Formation

ü Reflectance band appeared at 600 nm.

It implies that an ordered structure like a colloidal 

crystal was formed in the assembly.
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Detected position0 mm
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m: diffraction order

ɚ: wavelength of diffracted light

n: refractive index of the colloidal crystal

d: inter-particle distance

ɗ: incident angle of light

Aq`ffŝr k`v9

lǌ < 2mcrhmǉ

aȉ"ôỗȡ ų"ʞ íƶȉ kƶŴŴƶĜ|"Ŵ kȉʲȡȺ"Ŵ



81

m: diffraction order

ɚ: wavelength of diffracted light

n: refractive index of the colloidal crystal

d: inter-particle distance

ɗ: incident angle of light

Aq`ffŝr k`v9

lǌ < 2mcrhmǉ

aȉ"ôỗȡ ų"ʞ íƶȉ kƶŴŴƶĜ|"Ŵ kȉʲȡȺ"Ŵ

In colloidal crystal, the wavelength of reflected light is shifted to 

shorter wavelength with the decrease in particle distance.



Backscattering Images and Reflection Spectra of 
Nanoparticle Assembly Formation

ü Reflectance band appeared at 600 nm.

It implies that an ordered structure like a colloidal 

crystal was formed in the assembly.
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Detected position0 mm
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Analysis of Time Evolution of Reflection Spectra

ü Increase in peak reflectance 

ü Blue shift of peak 

wavelength

Å Increase in assembly thickness

Å Decrease in particle distance
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Analysis of Time Evolution of Reflection Spectra

ü Narrowing of band width Å Increase in homogeneity of 

particle packing structure

80 sec

100 sec



Reflection Spectra at Different Positions

Detected position0 mm 4 mm 8 mm

ü 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. 
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Reflection Spectra at Different Positions

0 20 40 60 80 100 120
0

3

6

9

12

15
 

 

P
e
a
k
 r

e
fl
e
c
ta

n
c
e
 (

%
)

Irradiation time (sec)

 center

 4 mm

 8 mm

ü Peak reflectance decreased along the assembly center to the boundary.

The assembly becomes thicker and it has thickness distribution. 
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Detected position0 mm 4 mm 8 mm
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ü 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. 

Detected position0 mm 4 mm 8 mm

Reflection Spectra at Different Positions
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Spectral Change after Turning off Laser

ü Peak wavelength was shifted to longer 

wavelength, accompanying with reflectance 

decrease in all positions.

Assembly structure is under dynamical balance between gradient 

force of trapping laser and repulsive force between particles.
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Laser off after 120 sec irradiation
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0 mm 4 mm 8 mm 


