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Synthesis of a rare Earth Free Oxynitride Phosphor
for white LED Application

11102

WREE LEAEASETEMEEY T B % % 2% Takashi Ogi
HEWRE 5LERFRFER TERE RS TN Egds B 11 A Kikuo Okuyama

The purpose of this research was to promote the performance of rare earth free oxynitride
phosphor (BCNO: boron carbon oxynitride) for next generation of white LED. In particular, I
undertook the following research topics, (1) Preparation of spherical BCNO phosphor particle via
spray pyrolysis and (2) Enhancement of Photoluminescence intensity of BCNO phosphor using
nitrogen containing polymer.

Regarding (1), spherical BCNO phosphor particles were directly synthesized by a modified
spray pyrolysis method using water trap. Effect of operating temperature and polymer
concentration on the photoluminescence properties were investigated. Scanning electron
microscopy revealed that the spherical particles were of size around 1.36 mm. The emission band
of the spherical BCNO phosphor prepared at 800C was observed at 467 nm under excitation at
365 nm.

Regarding (2), three types of polymers, including polyethyleneimine (PEI), polyallylamine
(PAA), and tetraethylene glycol (TEG) were used as carbon sources for the formation of BCNO
phosphors. PEI was found to have the highest internal quantum efficiency (IQE) of the three
polymers because of its optimum thermal decomposition temperature and high exothermic energy
during BCNO formation. The IQE of the BCNO phosphors prepared with PEI was 50%,
representing a 130% increase over the value observed when TEG was used as the carbon source.
In addition, the emission band of the BCNO phosphors could be tuned from 380 to 490 nm by

varying the reaction temperature and polymer concentrations.
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White Photoluminescence of Mesoporous Silica-carbon Composites

MrEE AERIERNE #z )l

Iy & H] Shinji Kawasaki

We found that mesoporous carbon-silica composites synthesized by tri-constituent co-assembly

method exhibit very intense visible photoluminescence excited by low-energy UV light. Now, a

class of stable, efficient, inexpensive and less toxic photoluminescent materials which emit white

light under long-wavelength UV light is strongly required to replace fluorescent lamps by LED

lamps. The composites we synthesized satisfy the required conditions and are the promising

materials from the environmental point of view. In this study we tried to control the color of the

photoluminescence of the mesoporous carbon-silica composites by changing the synthesis

conditions. We also investigated the photoluminescent properties of the graphene-like molecules

which were synthesized by fusing pentacenes. Furthermore, we demonstrated in the present

investigation that not only the pore-to-pore distance but also the pore diameter of the mesoporous

materials having quasi two dimensional hexagonal pore structure can be determined by analyzing

the small-angle XRD pattern.
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The Metal Porous Structure by 3D Laser Forming

11104

MrAFRE UM REE K e T S ekt T80 22 B 3K Hyun-Goo Kang
SYNOPSIS

The effect of process parameters in 3D Laser Forming (3DLF) on the forming of density
gradient porous structure was investigated. The melted and consolidated parts of metallic powders
by laser irradiation (it is called as melted part in this paper) sparsely form along the laser
scanning line. The size of melted part strongly depends on the laser input energy. During the
direct metal laser sintering, the melted parts conglutinate with each other and made the larger
melted part. It was connected to other melted parts in different way by strong laser power and
high scan rate. Especially, in the case of same laser energy density, if the scan rate become faster,
the connection between melted parts gets stronger and the high density is obtained. With laser
sintering condition for similar relative density, the microstructure of material formed by higher
scan rate shows more homogeneous microstructure than that of the others formed by slow scan
rate.
KEYWORDS : Direct metal laser sintering, SUS316L, Porous materials, Design of porosity, Relative

density
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Fig. 8 Sectional view of the multi-layered compact
manufactured in different scan rate.
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Table 2 Experimental conditions and relative
density of sintered parts in Fig.8.

(a) (b)
Laser power (W) 12 18
Scan rate (mm/s) 20 30
Energy density (J/mm?) 7.6 7.6
Relative density (%) 63.18 73.1
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Fig. 9 Design of density gradient material.
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Magnetic nano-particles Modified with the Molecular-recognition Layer
and its Application to Environmental Purification

11105

WRfEE sk TR #Wgde A F 3 W Takuya Kubo

(PR SRR B30

Recently, an effective removal of environmental pollutants is very important for risk
management in our environment. The adsorbents based on an activated carbon and its related
membranes or resins are usually utilized for the removal of pollutants. However, these adsorbents
provide non-selective and irreversible adsorption, so that high-frequency replacement of the
adsorbents and treatment of the waste materials are required.

To overcome the drawbacks, we previously developed a photocatalyst modified with molecular
recognition ability by a molecularly imprinted technique. Thehybrid-photocatalyst allowed the
selective adsorption and photodegradation of a target compounds in environmental samples.

In this study, we newly developed a magnetic nanoparticle enabling the selective adsorption of a
toxic compound, saxitoxin which is one of shellfish toxins. We optimizedthe preparation procedures
and evaluated the selective adsorption ability of the prepared materials. The results suggested that

the magnetic nano-particle modified with molecular recognition layer was successfully prepared

and the selective adsorption ability in the pseudo environmental water sample was achieved.
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Fig. 1 Schematic image of interval immobilization technique for TiO.,.
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Fig. 2 Preparation image of magnetic nano-particles modified with molecular-recognition layer.
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id.) ; Flow rate, 02mL/min; Mobile phase, MeCN/100
mM ammonium formate=50/50 ; Temperature, 40C,
Injection volume, 1.0 u L.
MS conditions: Ionization, ESI; Polarity, Positive;
Interface voltage, +4.5kV; Interface temperature, 200
C, CDL voltage, 50V; CDL temperature, 250C; Heat
block temperature, 200TC; Drying gas, 01MPa; Nebulizer
gas, N2(15L/min) ; Monitoring, SIM (BTEA, 192.15
m/z; TBTA, 23715 m/z).
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Fig. 3 Microscope images of Fe;0, particles and silica-modified particles.
(a) TEM image of Fe;O, particles, (b) SEM image of the silica-modified particles.

Trancemittance

---- Silica, Silane coupling
— Silica
------- non-modified

Trancemittance

Silica, Silane coupling
~~~~~~~~~ Silica

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm!)

1750

1650 1550 1450 1350 1250

Wavenumber (cm™)

Fig.4 FT-IR spectra of nanooariticles. Left, full scan spectrum; Right, zoomed spectrum.
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Fig.5 Adsorption of BTEA on prepared nanoparticles.
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Development of Innovative Ceramics Process
by Local Selective Reaction Controlling

\S

11106

MEREKE  HHEITERE HPES / N—FEltL 5 —

Foa7boIv s ME#EE H OH 2% Takashi Shirai

Abstract

Functional ceramics were synthesized using ceramic powders activated by mechanochemical
processing. The activated powders were dispersed in an alkali-containing solvent to dissolve the
metallic ions at the powder surface and effect re-precipitation between the grains. The “non-firing
ceramic process  afforded high-strength ceramic solids without the need for calcination. The key
step in this technique is surface activation of the ceramic powders through mechanochemical
processing. We investigated the bonding and activity of the atoms near the surface by
spectroscopic analysis of desorption of the adsorbed water molecules, a convenient and quantitative
method. The powder surface contained an increased number of uncoordinated defects after
mechanochemical processing, and powders with high compact strength showed high activity and
had high surface AlV content. Diffuse reflectance infrared Fourier transform measurements of the

desorption of water molecules allowed for easy and rapid determination of differences in the

surface activity, which was not possible when using alternative analysis methods.
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Soft Interfaces of Giant Vesicles Studied by Atomic Force
Microscopy and Computer Simulations

MEARE
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¥ SE Hiroyuki Shinto

We have successfully immobilized a single giant vesicle onto the chemically modified surface of a

cantilever for atomic force microscopy (AFM). The giant-vesicle-immobilized probes allowed us

to measure the surface forces between soft interfaces. Additionally, we have carried out the

simulations of the corresponding systems using the computational micro-fluid dynamics to

reproduce successfully the force-distance curves, which were in qualitative agreement with those

from the AFM measurements.

EA=10

Ml & NTHE OB ORI, EREEZLZ S
INAF=T ) TIVOERMKE, FEWEES AT A
(DDS) DETH 5 F v ) 7 — kT OERMEHES, WE
MREH S UL Loz F KT O NMEEE O &
L OFFIIBOW RO CTEETH L, LoL, EE
DOAEARBEF R O BAZEF 7218, FEREN) 22 LD 2 S
HBWEFTHEDLNLZ ENL . TOFRPSBEIL
BUFIUE, S0 LRI BB S O FREENY 72 ZE I X
LTSGR/

EXE, FICERNTERELEDNAHE, T4b
L, OMifa - fFHoBET, OMBBAIIZEDY A
NDBRF DA X - FEPEE, FIHIER LR
W oEEl i Hiic L, BT L2 HIELT
ezt Twd, Lo L, EBROMBOES - B
AARBRIE, BHOWEALFER M EAEHTE0 ) T
%<, MIBAYF M 2 5ER T b B G 3 280 Tk
BRTHY, TOEEMNRMET L 2B R A
THThHs.

Z 2 CARRIZETIX, BUMEO—D2THY, V) VIF
BOATHEINLERRY 7 VIZERL, 20 [V

7 MR OFEFEINZOWT, HLWERIFER: L 5T
A=)V XY AT —=VDET) ¥ N & DT
2T, v 7 MRIED ST A AR THM RIS -
WA F LAV CIET 5 2 L & HIET,

HFRRDEE

1. ERNYVIVEFERTO—T DR OFRFE

[V7 MW o 2R e LT, FEFMIHE
H (AFM) 120 K L WEHIIF L 2 5T 5 7290,
9, AFMA VY F LN—=DRmIZERNY 7 )V % [#H
FEALL 72 T[ERNY 7 VEERT O —7 ] 2FR L 72,

ERNY 7 Vot LT, &k (FM
Menger & N. Balachander, J. Am. Chem. Soc., 114,
1992, 5862-5863), L L 7 bu 7+ —2x— a3 (T
Hamada et al, J. Am. Chem. Soc., 134, 2012, 13990-
13996), 27 (S. Pautot et al, Proc. Nat. Acad.
Sci, 100, 2003, 10718-10721) 7% &% L 720 10 u m A
FOREZERNY 7OV R ERH THEICEZ (B
(21E, BHEAFRED R bE L Tz,

ERNY 7V 1 ZAFMY » 5 LN — O %t |2 [H



Annual Report No.21 2013

FEALT B 72012, H v F LN— KRR T 5 LE
Ndbo WHWSER LR, UE 2 Wi Tk
(BASy & a— 1k L7tk £ IZHS-(CH,) , -NH,
SGTOHCEREZTSIERSES) L0, i
ECLieTHEEZRBLZ (F1). LAL, HEAN
O NWVOEEADBINEN D F ) EL hhoizizo
(#160%) , HEBEALIC V72 RIS H A o 7850 70 KT %
iR & AT 2 L R ENSHBBETH b,

BEXRIO1L

20 um

BOFLN -

1 BERXYVZ VEZEETO—T

2. BEAXNY 7V —EFEHHEOREHAE

[ERANY 7 VEELT T — 7] & BRSO
HERDOBEBENEXIT- 724 (K2), %% LTl
EXRIT) ZEIERETH 5720 UL, H T L=
HEEBERRY 7V EDMDOIEENRENT E® &
Wz Th Y, SHRUEPLETH 5,

ERNRY 7))V =2 A EREOREIREZ 1T o 72
(K 3)o FHAEMEHMBIZBNT, BBk - Bl s b
WZHIDEEH S N o 7o BLEERE ORI, $ETHF
DFIED SN Eh oz ZHE, RV 7 IVOEFRD
FEFHE DR T OELERE L) bBEVWDHEEZ LN
bo TNHLOFERIL, L L THAKD L\ ITY) VR

(@) (b) ()
A
% o S @
[ =
%: V=5
A&
VAEE ST #iHRa
B AN=A92

il STEONEENEEE
120 (SRIC, TIRFM, CLSM)

M2 BEAXVZVEENATO—TI12X5Y 7 R
OFMITHE, SHFTHMIEBIEE O JFRHX

f _—AFM cantilever

. Guv
microsphere —

= /’ grid coverslip

- |

~

0 l0.5 l1 0 15
Z-piezo position (um)

3 (h)aof FAFMEBIZ L BEk-BRXY 7L

O EAEFMEOFEX, (F) K& o>

) A ER (E&10mm) EERNTY 7V (Y
YIREDOPC, Ef£40mm) OFHHEAEH Hif

R (A A4 ¥ EEIX150mMAY) & e e
TH, MLTHho7ze ) Y IREMEER P TIE, ERE
DN &) R ERE DR S ARBER A T8
iy < 7 SAHEAERNZZALA BN B W gt Tl Sz
B, FEBEOWEMRTIE, FIHEFHIS %0572
BEAMHEZL ) Y REDOPCTHM SN D XY 7,
) AR, KEHTR T I RBRICHEEL, Ih
5O CG I EERIZB 2w EEZ 5N
%o

3. EANY 70— BHERMOBE - BE
DAFEFY LY

ELODPBFELIETN - FEE S SICRES &,
KB LFERY I 2L -2 a V2 EITL, EBER
DRGFEB L LR O TRE T IV OREZ A AT,
LINEGFET) 7 (B4) 2FELTWED, F
P FICEHE I A M2 B L2720, FHEAW OV
kirmo - v3ial—varFE(EL) 2HEL.
COVIal—Yavickh), AFM7 4 — A —7
(B3) ZEMWMICHIT LI LI L7,



Hosokawa Powder Technology Foundation

ST TV A V2 T FEOR EEY 3 2
L—2ar

0.15; T T T T

0.1+ 4

0.05- .|

Force [-]

-0.05 s s
W2 0 2 4 =&

Position [-]

AV AT = VTETIMLENZaFEEE V)
HER:(E) AFv T av b, (F) HAESEH
i (72720, WPt zlkwTdhb)

EiEtd

1) H. Shinto, Y. Aso, T. Fukasawa, K. Higashitani,

Adhesion of Melanoma Cells to the Surfaces of
Microspheres Studied by Atomic Force Microscopy,
Colloids Surfaces B, 91, pp.114-121 (2012).

2) FRWAI, ARG, CHE, SER i, Freitee, o)

3)

4)

6)

7)

8)

10)

11)

12)

13)

14)

15)

HRLF — IR AR ¥ DB IR S BCR O B LR S, &
HE OB LWL 0T —, BHhLFRGE 490),
pp.599-607 (2012).

H. Shinto, Y. Ohta, T. Fukasawa, Adhesion of
Melanoma Cells to the Microsphere Surface is
Reduced by Exposure to Nanoparticles, Adv. Powder
Technol., 23(5), pp.693-699 (2012).

H. Shinto, T. Hirata, T. Fukasawa, S. Fujii, H. Maeda,
M. Okada, Y. Nakamura, T. Furuzono, Effect of
Interfacial Serum Proteins on Melanoma Cell
Adhesion to Biodegradable Poly(L-Lactic Acid)
Microspheres Coated with Hydroxyapatite, Colloids
Surfaces B, 108, pp.8-15 (2013).

BRRACE

o ERERROFEN, RTMEET), Pickering
IvNaroikyIal—yvary FL4417T
> %,12(2), pp.63-70 (2012).

PrevEsE, BERK T % & AZ HREOREEY I 2
L — ¥ a v, Colloid & Interface Commun., 37(1),
pp.9-11 (2012).

R, REEKRW, 7 F A7 — VoY Ial—v
3 v, WL #55E, 49(4), pp.291-301 (2012).

H. Shinto, Computer Simulation of Wetting, Capillary
Forces, and Particle-Stabilized Emulsions: From
Molecular-scale to Mesoscale Modeling, Adv. Powder
Technol., 23(5), pp.538-547 (2012).

s, TNy I 2L —v a v, B GAEE
86(10), pp.380-385 (2013).

FERRK - KEHRE

Freikss, fia & RF- O EAERIC B % A,
WAL TR gE € v & — EE S, RS R,
20124F- 3 H.

H. Shinto, T. Fukasawa, Interaction of Living Cells
with Materials: What Can Colloid Engineers Do
About It?, Emerging Leadership Australia-Japan
Collaboration Workshop in Colloid and Materials
Science, Sendai, Japan, 20124E 5 H.

WS, O F O RIRA~ O & g, R
FR20124F EERIINIEFE R &, BUHK, 20124F 5 .
HORFM R ER M, Fro g, Rk E7VE L
F /KA HI R O g B, By R TR 20124F R
HIWrFE s34, HUHR, 20124E 5 1.

B SE, OKHES, REE M, R OBEEIZ X
B AT ) —< Mg DEAETIOZAL, H50RAR I BT
A RfEm e, HAREE, 20124E10H.

WS, F /KT OEERA O A5 & R, Bk



Annual Report No.21 2013

16)

17)

18)

19)

20)

Hifrt 34— [F /78T A2 &2 5,
20124E12R.

FF@ A, RHEA, HirdEs, BNV 7 v—R Mo
V7 FREHOAFMMEE HEY 32— a v L
FILFR T8RS, KBRS, 20134 3 H.

VRV, B E, FREE A T R B A 7S AR
R OEBEREY I 2L - a v, {bETHEE
78472, KBRS, 20134F 3 H.

EHA, FHREN, #Es, FREY X AR F 25 A
PO ARG O R B A, L TR BT8R,
KB, 201345 3 H.

FrE k=, B & BT OM BRI T 5 — £,
FEREF ) - NA A T ALY 5 — &
35— [F/ - NAF VAT LIBIT LREHEEORKE
LRI, FERREE, 20134 3 A.

g, 7 RTAC X B ARG oS B, FAST

21)

22)

23)

PN T S S AT e Y ¢ v R S XD)
B T2ope ] EHEEREB V-2 a3y 7 [Hl
R S AL72IRPL TN B Sk F O FEE—HI BRERBE ANk
1252 5 B BRI R L0 —] |, FEER
2 20134E 5 .

TR R, B, V) RIS L DB
M o R 3 0 LB v, (L TS EA5m B R 4,
Fil1LKEE, 201345 9 H.

EHMW, FHEN, FEEERE s, v X AR
BB SN2 GE O ARTRIC & 22 E), F64ln =
oA KB L ORELEFRS, AR LEKRY, 2013
9 H.

R L, FTE IS, MR O R B AFMEIE Th
A 512, APPIE M EEMET7 2 72013 [ — Xk =—
AD< v F 7 = OHAMT - 1, KPR, 20134:104.



BNy AR — 20 EEDDS~NDIEH

Preparation of Quantum dot-loaded Liposomes and its Application for DDS

N\ '

11108
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We have developed submicron-sized liposomes modified with a mucoadhesive polymer to
enhance peptide drug absorption after oral and pulmonary administration. Liposomal behavior in
the gastrointestinal tract is a critical factor for effective peptide drug delivery. The purpose of this
study was to prepare quantum dot- (QD-) loaded submicron-sized liposomes and examine
liposomal behavior in the body after oral administration using in vivo fluorescence imaging. Two
types of CdSe/CdZnS QDs with different surface properties were used: hydrophobic (unmodified)
QDs and hydrophilic QDs with glutathione (GSH) surface modifications. QD- and GSH-QD-loaded
liposomes were prepared by a thin film hydration method. Transmission electron microscopy
revealed that QDs were embedded in the liposomal lipid bilayer. Conversely, GSH-QDs were
present in the inner aqueous phase. Some of the GSH-QDs were electrostatically associated with
the lipid membrane of stearylamine-bearing cationic liposomes. QD-loaded liposomes were
detected in Caco-2 cells after exposure to the liposomes, and these liposomes were not toxic to the
Caco-2 cells. Furthermore, we evaluated the in vivo bioadhesion and intestinal penetration of orally
administered QD-loaded liposomes by observing the intestinal segment using confocal laser
scanning microscopy.Indocyanine green (ICG) was also used as a near-infrared label of liposomes
and was used to observe their dynamic behavior using non-invasive in vivo imaging (IVISR

imaging system) after pulmonary administration to rats.
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Fig. 1 Physicochemical properties of hydrophobic
(unmodified) QD-loaded SA liposomes. The
lipid composition was DSPC:SA :Chol (=8:
0.2:1). Photographs of QD-loaded liposomes in
phosphate buffer, (A)liposomes without QD
before ultracentrifugation, (B)liposomes
without QD after ultracentrifugation, and (C)
100nM, (D)200nM, and (E)400nM QD-loaded
liposomes after ultracentrifugation. All
photographs were captured by placing the
samples under a UV lamp. (F) TEM image of
QD-loaded liposomes. The scale bar is 100nm.
(Reproduced from Tahara K. et al, Journal of
Pharmaceutics., Volume 2013 (2013), Article
ID 848275; with permission).
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100 nm

Fig. 2 Physicochemical properties of GSH-QD-loaded
liposomes with different surface charges.
Photographs of GSH-QD-loaded liposomes in
phosphate buffer: (A)DCP liposomes (DSPC:
DCP:Chol=8:2:1) and (B)SA liposomes
(DSPC:SA:Chol=8:0.2:1). All photographs
were captured by placing the samples under a
UV lamp. (C)Representative TEM image of a
negatively stained GSH-QD-loaded SA
liposome. The scale bar is 100nm. (Reproduced
from Tahara K. et al, Journal of Pharmaceutics.,
Volume 2013 (2013), Article ID 848275; with
permission).
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Fig. 3 CLSM images for the bioadhesison and
intestinal penetration of a)coumarin-6 labeled

labeled liposomes b) quantum dots (QD) labeled
liposomes or c¢)QD labeled liposomes after
ultracentrifugation in sucrose density gradient
at 2 hours after intragastric administration to rats.
Scale bar is 200 u m.
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Fig. 4 CLSM images for the bioadhesison and intestinal
penetration of a)glutathione coated quantum
dots (GSH-QD), b) GSH-QD labeled liposomes or
¢)GSH-QD labeled liposomes after ultracentri-
fugation in sucrose density gradient at 2 hours
after intragastric administration to rats. Scale
bar is 200 4 m.



Hosokawa Powder Technology Foundation

GSH-QD O Z i # 1L B EE 70 & CTH L LQDIE 53
LEEZLNDL, GSHIZGTFHIZA VKXV IVEERE
LTHEY, SAOEEIZL ) IEEBMHEZHFOZ) R —
L L HEMMEAENT 5. GSH-QDEH %5 Lk
XLRBEOHEE R L2 &6, GSH-QDESRRY
R — AR L% OGSH-QDIE# ) R Y — A
IZBWT, GSH-QDDZ L ix1) RV — 2 DKM I H
ASNFRMEME L T0D LEZ LN,

5) QD#Es1) K — LOHRIaE ST

®F Py bOaT7IZESETHLI F=vattl
YR EPLERINTEY, BEEMIE T vitroil
fili &z VB % B> 720n vivos IO W NIZBWT D
HBUIPBEENL, 22T, QDER#RY KXY —2h
Caco2MfL D EAFRIZE 2 28 % T N7 ) 7 A
ARV < VYN ER SN D B0 R L §
AMTSEEC & 0 &F-li L 720 Caco-2fMfE1396X 7' L —
MR, —ERMERELZbOEHV, &8
Ty hua—)be LTV v RS (66.67mM, pH 74)
UL 72RO Mg A AR 22 42 100% & L CHEET %
To70 BQDIEEY KV — 245514 2 BEl 4 >~ F =
N—=pL72E A, MEFROKRTIIRRD 5NTE
ELRF )T THALIEIREINT,

6) BER5 " RV — LOIERE & iR ENRE ST
QDIZH A AR CHOLE R A HIETE 2 &)
WHEAT L7280, TR THRET 52QDE g,
)Ry — A ORTNENEE & B IR R ICEHE S 2 2
ENMEETH Do QDIZL A1) RV — 2O IR
e HIBL, ZOmERE LT, IR CEEE T
HICGTHERR LRV —2% T v MRS L,
Z ORI B % 5Tl L 720 BEAKHI-BEHREICL D,
ICGEHALLYT7I 70 rH 4 XD KRy — L%
YL ENTE, ICGEHRYRY —2%T v b
it S L, IVISILX VB2 7072825, R
I IZ 38V CICGOH A TR T 2 Z L AT & 727,

4. #&

DiEo#ER LD, QDZ ) R Y — 2ANEH~NE AT 5
CENWETHY, VEY—LNEHAKRDLQDIZD
RIS E L TR W EHL N E oz T 72,
PTARIMESCE T T~V L72) Ry — A& 5
e, IVISIZ L ) FFREMMMH A TTEETH 5 2 LA
Molz, Gi%, CdSeTeT I 7 AMERL & L ARy} H
. (#800nm) THIEZIRTQDEHWTY KV — 4

]

IV, BROB X ORI G-H%0) R — L3858
ZFHlT 5 FETH 5o

WO
RREFEICEE L, QDR U'GSH-QD O ZHE Mk & TH > 7= i fiE
T, BSOS IR AL 9

ZEXE

1) H. Takeuchi, H. Yamamoto, Y. Kawashima,
Mucoadhesive nanoparticulate systems for peptide
drug delivery, Adv. Drug Deliv. Rev., 47 (2001) 39-
54.

2) M. Murata, K. Nakano, K. Tahara, Y. Tozuka, H.
Takeuchi, Pulmonary delivery of elcatonin using
surface-modified liposomes to improve systemic
absorption: polyvinyl alcohol with a hydrophobic
anchor and chitosan oligosaccharide as effective
surface modifiers, Eur. J. Pharm. Biopharm., 80
(2012) 340-346

3) H. Takeuchi, J. Thongborisute, Y. Matsui, H.
Sugihara, H. Yamamoto, Y. Kawashima, Novel
mucoadhesion tests for polymers and polymer-
coated particles to design optimal mucoadhesive
drug delivery systems, Adv. Drug Deliv. Rev., 57
(2005) 1583-1594.

4) B. Dubertret, P. Skourides, D.J. Norris, V. Noireaux,
A H. Brivanlou, A. Libchaber, In vivo imaging of
quantum dots encapsulated in phospholipid micelles,
Science, 298 (2002) 1759-1762.

5) M. Murata, K. Tahara, H. Takeuchi, Real-time in
vivo imaging of surface-modified liposomes to
evaluate their behavior after pulmonary
administration, Eur. J. Pharm. Biopharm., (2013).

EiE

K. Tahara, S. Fujimoto, F. Fujii, Y. Tozuka, T. Jin, H.
Takeuchi, Quantum Dot-Loaded Liposomes to Evaluate
the Behavior of Drug Carriers after Oral Administration,
Journal of Pharmaceutics, Volume 2013 (2013), Article
1D 848275.

BAERE, HERRE, ASs—, BASOZ, M & T

PEST BRI v ) 7 — DML NEE)IZB S A HET
HARSES4E 13244 (FLIE) 2012/ 3 /29



RITAHA MIBAL T/ F2—T7 DR

Synthesis of Perovskite Oxide Nanocubes

11109

MRAXRE Fks % B % — Kouichi Nakashima

Synthesis of barium zirconate (BaZrO,) nanocubes with perovskite structure was carried out by
the composite-hydroxide-mediated (CHM) approach. The synthesis was conducted using
zirconium dioxide (ZrO,) as a zirconium-source starting material and barium hydroxide [Ba(OH),]
as a barium-source starting material. Through the use of these starting materials, BaZrO; was
prepared with a mixture of anhydrous sodium hydroxide (NaOH) and potassium hydroxide (KOH)
as the reaction medium at 170~230C for 0~72h. Measurement by X-ray diffraction (XRD)
confirmed the presence of perovskite BaZrO; and indicated that the lattice of the obtained BaZrO,
was cubic. The amount of BaZrO; increased as the reaction temperature increased. Scanning
electron microscopy (SEM) and transmission electron microscopy (TEM) observation revealed
BaZrO; nanocubes. The results showed that BaZrO; nanocubes could be shaped from ZrO, and
Ba(OH),. In order to clarify the formation mechanism of the BaZrO; nanocubes, various reaction
conditions such as the processes of increasing, maintaining, and decreasing the temperature were

investigated. BaZrO; nanocubes with sharp-edged corners were formed via the CHM approach

when the temperature was maintained at 230C for increasing periods of time.
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Fig. 1 XRD patterns of the products with various
starting materials as zirconium-source.
Temperature: 230C, Time: 18h.

Starting material as zirconium-source:
(a) (CH,CH,CH,CH,0) Zr, (b) ZrO,.
O:BazrO,;, B:ZrO,, A :BaCO,
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Fig. 2 SEM photographs of the products with various
starting materials as zirconium-source.
Temperature: 230C, Time: 18h.
Starting material as zirconium-source:
(a) (CH;CH,CH,CH,0) Zr, (b) ZrO,.
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Fig. 3 XRD pattern of the products at rapid cooling
to room temperature.
Starting material as zirconium-source: ZrO.
Temperature: 230C, Time: 18h.
O:BazZrO,, H:ZrO,, A :BaCO;
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Fig. 4 SEM photograph of the products at rapid
cooling to room temperature.
Starting material as zirconium-source: ZrO.
Temperature: 230C, Time: 18h.
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Fig. 5 XRD pattern of the products without keeping
time. Starting material as zirconium-source:
ZrO. Temperature; 230C, Time: 0 h.
M :7r0, A:BaCO,
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Fig. 6 XRD patterns of the products at 230C for
various times. Starting material as zirconium-
source: ZrO,, Time: (a) 3h, (b) 9h, (c) 18h,
(d) 36h, (e) 72h.

O:BaZrO,;, W:ZrO, A :BaCO;

Fig. 7 SEM photographs of the products at 230C for
various times. Starting material as zirconium-
source: ZrO,, Time: (a) 3 h, (b) 9h, (d) 36h,
(e) 72h.
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Fig. 8 TEM photograph of the products at 230C for
72h.
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Fabrication of Novel Ferromagnetic Materials
by Modification of Surface of Iron Nanoparticles

-

WRftkE SR LaOwERENET D% b o &

% Masafumi Nakaya

In order to fabricate the high performance permanent magnet, we had prepared the following

materials as the precursor of nanocomposite magnet by using core-shell structure with Fe phase

as soft phase and ¢ -Fe,O; phase as hard phase. In order to prepare air-stable metallic Fe

nanoparticles, iron-oxide nanoparticles as precursors were reduced in a hydrogen atmosphere and

then their surfaces were oxidized under low concentration of oxygen. To obtain Fe,O; phase, we

treated iron oxide nanoparticles with silica shell at several temperature. The size of magnetic

nanoparticles affects their magnetism. We had also controlled the particle size and crystal

structure.
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Fabrication of Flexible Follow Fibers of Mesoporous Silica

MARAKRE

11111

FAHPRF R LML Ll e R

%'E ’f§ $ﬁ Shinsuke Nagamine

Hollow nanofibers with mesoporous silica walls have been fabricated using electrospun polymer

nanofibers and surfactant micelles as templates. The nanofibers are the possible candidates for

insulating materials due to their high porosity. We aimed to remedy the fragility of the nanofibers

by introducing the organo-siloxane into the silica framework. However, the introduction of organo-

siloxane hindered the formation of ordered mesoporous structure. Also the flexibility of the

nanofibers was not sufficiently enhanced. The fabrication of silica nanofibers with hierarchical pore

structure was also studied by forming the surfactant-templated silica in the continuous pore

structure of polymer nanofibers prepared by electrospinning a polymer blend solution. The silica

nanofibers possessed the bimodal internal pore structure originating from the phase separation of

polymer blend and surfactant micellar structure.
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Fig.1 TEM images of silica films.
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Fig.2 Stress-strain curves of silica films obtained
by microcompression tests.
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Fig.3 Schematic illustration of preparation of hollow mesoporous silica

nanofibers.
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Fig.4 TEM images of hollow silica nanofibers prepared by method 1.
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Fig.5 Microscopic images of hollow silica nanofibers prepared by method 2. (a,

b) SEM images, (c) TEM image.

Fig.6 SEM images of nanofibers. (a, b) porous PAN nanofibers, (c, d) silica
nanofibers with hierarchical pore structure.
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Fig.7 TEM image of silica nanofiber with
hierarchical pore structure.

2
a

—_— 20.1 mol L!
ko I
E '\
) I
a 1
=
=
Sy
=

0 i

1 10 100

Pore diameter [nm]

BET surface area [m2 g-!]

[CTAC] =
0.02 mol 1.1

0.05mol L!

Intensity [a.u.]

0.25mol 1.1

Wave number [nm!]

Fig.8 SAXS patterns of silica nanofiber with

hierarchical pore structure.
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Fig.9 Pore structures of silica nanofiber with hierarchical pore structure. (a)
Pore size distributions. (b) BET surface areas and pore diameters as
the function of CTAC concentration.
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Design of Biofilm Using Fine Particle Technology

11112

MrRAxE KBS RFERFR:  TaEmrsekt #esdz ¥ & 8 2 Toshiyuki Nomura

The biological denitrification process is widely used in waste water treatment due to the low
operational cost compared with that in physicochemical treatment. However, two different reactors
are required in this process because ammonia nitrogen is converted into harmless nitrogen gas
through two different biological steps (nitrifying and denitrifying steps) required for different
environment (aerobic and anaerobic conditions). The purpose of our research is to design a
composite biofilm of denitrifying bacteria and nitrifying bacteria that imitate a biofilm in the nature
from the viewpoint of fine particle technology. Five different types of denitrifying bacteria and two
different types of nitrifying bacteria were used as model bacteria. Surface physicochemical
properties can be treated as an indicator of the adhesive properties of microbial cells. The
electrophoretic mobility was measured as a function of ionic strength using the laser Doppler
method and the surface potential was estimated using the soft particle theory. The microbial cells
used In this study were charged negatively. The contact angle between a microbial lawn and a
droplet of a specified fluid was measured using the sessile drop technique and the change in the
free energy of interaction, A G, between one species of microbial cells, between different species of
microbial cells. This result indicated that denitrifying bacteria and nitrifying bacteria could not be
aggregated thermodynamically because A G was positive in all combinations. To promote the
microbial adhesion, disrupted microbial cell suspension, chitosan, polyethyleneimine and dopamine
were added to the mixed cell suspension, respectively. It was found that polydopamine was
effective to aggregate denitrifying bacteria and nitrifying bacteria artificially. Finally, the formation

of the composite biofilm of denitrifying bacteria and nitrifying bacteria were succeeded.
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Table 1 Change in free energy of interaction, A G*

Cell Self-aggregate AOB NOB
Psedomonas denitrificans 17.1 9.9 8.6
Paracocccus denitrificans 8.9 10.6 8.5
Bacillus firmus 25.8 22.6 21.4
Alcaligenes sp. 25.8 24.5 24.0
Psedomonas fluorescens 4.1 7.7 5.5
N. europaea (AOB) 13.4 13.4 10.4
N. winogradskyi (NOB) 9.2 10.4 9.2

* [mJ/m’]
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Fig.1 Optical images of microbial cells exposed to disrupted cell suspension. (a)
Pseudomonas denitrificans, (b) Paracoccus denitrificans, (c) B. firmus, (d)
Alcaligenes sp., (e) P. fluorescens, (f) N. europaea.
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Fig.2 CLSM images of P. fluorescens and N. europaea exposed to disrupted P. fluorescens suspension. The
cell number ratio of living cells and disrupted cells is (a) 2, (b)10, (c)20.
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Fig.3 CLSM images of P. fluorescens and N. europaea exposed to (a) chitosan (5 mg/L, 1h), (b) PEI

(250mg/L, 1h), (c)dopamin (2mg/L, 30min).
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Fig.4 FISH-CLSM images of P. fluorescens (DNB) and N. europaea (AOB) exposed to (a) disrupted DNB
suspention ([AOB]/[DNB]=1,1h), (b)disrupted DNB suspension ([AOB]/[DNB]=25, 1h), (c)dopamin

(2mg/L, 30min).
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Fig.5 CLSM images of Pseudomonas denitrificans biofilm formed on glass substrate coated (a) without

dopamine, (b) with dopamine.
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Fig.6 FISH-CLSM images of composite biofilm of Pseudomonas denitrificans and N. europaea incubated
using (a) 829 medium, (b) 829 medium added yeast extract.
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Influence of the Initial Particle Packing Density on the Final Stability of
an Emulsion Upon Collision with Another Material.
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A monolayer of particles at an air/water interface was used to model a Pickering emulsion, in
order to determine the effect of the size of the particles in a monolayer at an air/water interface
and their packing density on the physico-chemical properties of a model Pickering emulsion (a
monolayer), e.g., stiffness, adhesive ability, and change in particle packing, after a collision by a
particle in the water phase. A Langmuir trough was used to obtain surface pressure-area per
molecule isotherms of bare TiO, particulate monolayers at an air/water interface and the
Monolayer Particle Interaction Apparatus (MPIA) to directly study the forces between the TiO,
monolayers at an air/water interface and a micro-sized TiO, particle in the subphase. The effect
of the packing density of the particles in the monolayer on its stability was observed by optical
microscopy, while the forces were being measured by bringing the micro-sized TiO, particle in the
subphase in and out of contact with the TiO, monolayer.

Langmuir monolayers of bare, hydrophilic TiO, particles were directly formed at the air/water
interface by using a subphase with a pH below the isoelectric point of TiO, The effects of the
particle size on the physical properties of the monolayer were then investigated by using particles
with a diameter of 75 nm, 300 nm, 3 um and 10 um. The packing density influence was determined
by measuring the forces and by imaging the air/liquid interface in the presence of the monolayer
at different surface pressures. We found that the particulate monolayer became more deformable
and instable as the size of the particle decreased. Large particles (micro-sized) gave the least
deformable monolayer, where monolayers of a high particle packing density gave stable monolayers

even upon contact by a micro-sized particle.
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1. Introduction

Emulsions are used in food, drinks, cosmetics,
pharmaceutical and technological applications to
produce high quality products at a cheaper price. A
stable emulsion inhibits the coalition of oil droplets
and the coagulation of phases in the materials. Oil in
water emulsions can be stabilized by the adsorption
of particles at the oil/water interface of the emulsion,
giving a Pickering emulsion. The size, shape,
chemical and mechanical properties, and packing
density of the particles have been reported to
determine the stability of the emulsion.

In this study, we determined how the size of the
particles used in a Pickering emulsion and their

packing density affects the stability of the emulsion,

Pickering emulsion

after another material has collided with it. We
achieved these studies by modelling the Pickering
emulsion with a monolayer of particles at an air/
water interface, see Fig. 1. The Monolayer Particle
Interaction Apparatus (MPIA) was used to control
the packing density of the particles at the air/water
interface, and to measure the change in the physical
properties of the monolayer upon contact with a
large particle from bulk (probe), which models the
colliding material. Information on the physical
properties was obtained by measuring the force
curves between the probe particle and the particles
in the monolayer, by observing the movement of the
particles in the monolayer with the overhead

microscope.

2. Experimental

Stable monolayers of TiO, particles can be made
at air/pH 2 water interfaces for particles diameters
(D) ranging from 300 nm to 10 #/m [1]. We therefore
used TiO, particles of different sizes (D=75 nm, 300
nm, 3usm and 10 um) and made TiO, particulate
monolayers at air/pH 2 water interfaces.

The forces between a large particle in the bulk
water and the particulate monolayer at an air/water
interface were measured by using the MPIA, see
Fig. 2. A large TiO, particle (D=3 uDm) was used as
the probe particle, which was glued onto an Atomic
Force Microscope cantilever. The forces between the
probe and the particulate monolayer were measured

while moving the probe from the bulk pH 2 water to

Nano/micro-particle monolayer
at air/water interface
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the monolayer. Information on the adhesion between
particle and interface and the deformability
(stiffness) of interface can also be obtained from the
force curves. The adhesion is determined from
magnitude of the adhesion in the retraction force
curve, and is divided by the square radius of the
approaching TiO, particle (F,,/R?) in order to
compare the adhesion data from different systems.
The stiffness (Sy) is determined from the slope of
the force curve in the compliance region, and is
calculated by dividing the slope of the force curve
obtained for the particulate monolayer at the air/pH
2 water interface and a force curve obtained at a
hard surface (mica) in water. Sy=1 means that the
monolayer has the same stiffness of a mica surface,
and Sy<1 means that the interface is deformable.
The surface pressure (II)-area isotherms of the
particulate monolayer were simultaneously measured
using the Langmuir trough and Wilhelmy plate part
of the MPIA. The optical images of the particulate
monolayers were taken from above the monolayer,
while the probe was moved from the bulk to the

monolayer.

3. Results and discussion

3.1 Surface pressure-area isotherms of the
particulate monolayers

Langmuir monolayers of bare, hydrophilic

TiO, particles were directly formed at the air/water

interface by using a subphase with a pH below the

isoelectric point of TiO, [1]. Particles with D=75 nm,

300 nm, 3um and 10 um formed stable monolayers
at the air/pH 2 water interface, as seen by the
surface pressure- area isotherms in Fig. 3. All the
particle sizes showed loose and dense packing
regimes. This result meant that we could use these
particles to determine the effect of the particle size
and particle packing on the physical properties of the

monolayer.
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Information about the stability of the particulate
monolayers upon the collision of a particle from the
bulk was obtained by using the MPIA. Here, the
surface pressure versus area isotherms of the
particulate monolayers, the force versus particle-
monolayer separation distance curves, and the optical
images of the monolayers were simultaneously
measured. The effects of the size of the particles
used in the monolayers on the physical properties of
the monolayers were investigated by using particles
with a diameter of 75 nm, 300 nm, 3 um and 10 um.
The packing density influence was determined by
measuring the forces and by imaging the air/pH 2
water interface in the presence of the monolayer at
different surface pressures.

3.2 Optical microscope images: effect of surface
pressure on packing and aggregation

Optical microscope images showed that decreasing
the area per particle increased the packing density
of the particles, see Figs. 4A-B. The particles were
seen to aggregate to form islands of particles at the

air/water interface at low surface pressures (I1=3
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mN/m, ie. high area per particle) to also give areas
of bare air/pH 2 water interfaces, see Fig. 4A. The
effect of decreasing the area per particle, i.e.,
increasing the surface pressure (II=9 mN/m),
caused these particulate islands to be pushed
together to form densely packed particulate
monolayers, see Fig. 3B. No bare air/pH 2 water

interfaces could be seen at high surface pressures.

i Images after contact
i by particleinbulk

Initial images

Fig.4

Information on how the packing of the particles in
the monolayer affects its stability can be obtained by
comparing the optical images of the monolayers at
the air/pH 2 water interface before and after several
impacts of the probe particle from the bulk. The
images of the particles in the monolayers with a
loose packing density (II=3 mN/m) showed a
change in the shapes, sizes and positions of the
islands formed by the particles at the air/pH 2 water
interface, ie., lateral movement of the particles, when
a particle from the bulk was brought to the air/
water interface, compare images Fig. 4A and Fig.
4C. However, no lateral movement in the particles in
the monolayer was observed for the densely packed
monolayers ( II =9mN/m), compare images Fig. 4B
and Fig. 4D. This result indicates that a densely
packed monolayer is more robust than a loosely

packed monolayer.

3.3 Force curves: ability of probe particle to enter
particulate monolayer

The force curves were measured between the
probe and the monolayer, as the probe was brought
from the bulk to the monolayer. The approach force
curves showed a repulsive force, commencing when
the probe was in the vicinity of the monolayer. A
linear repulsive force regime was observed, once the
probe was in contact with the monolayer. Some of
the force curves showed a discontinuity in the
repulsive force region, indicated by the arrow in the
force curves, see Fig. 5. This discontinuity indicates
that the probe particle can break through and enter
the particulate monolayer, indicating that the probe
particle is attracted to the air/particle/water
interface. The occurrence of the break-through
increased with the size of the particles used to make
the particulate monolayer. Particles with D>300 nm
showed a break-though for the low packing densities,
i.e., loose packing (surface pressure of 3 mN/m).
Only particles with D>>3 um showed a discontinuity
for the high packing densities, i.e, dense packing
(surface pressure of 9 mN/m).

Lateral forces act between two neighbouring
particles at the air/pH 2 water interface. The five
sources of lateral forces include ! van der Waals
attraction”, dipole-dipole electric repulsion®, capillary
forces due to interfacial deformation by the weight
of the particles”, capillary forces due to interfacial
deformation by contact-line undulation, and®
capillary forces due to interfacial deformation by
electric stresses.

The weight induced lateral capillary force between
two similar spherical particles can be estimated by
calculating the capillary interaction energy and then
by comparing that energy with the energy of the
thermal motion, 27, where &2 and T are the
Boltzmann constant and temperature. The lateral

capillary interaction energy is given by

AW=—"7—RG(2—4m+ 3cose—cos39)2 KO(L/K) M

4
18« PH,0

where K, is a modified Bessel function of the second

kind zeroth order and x =+/y/pu20g 1is the capillary
constant. The lateral capillary interaction energy
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therefore increases as the size of the particle
increases.

The interaction of the particles in the monolayer is
thought to be caused by the repulsive electrostatic
forces at larger separations, attractive van der Waals
interaction at short separation distances, and inter-
particle attractive capillary forces at shorter
separations. At low packing densities (low surface
pressures), small particles repel each other because
of their electrostatic dipole. At high packing densities
(high surface pressure), the particles are attracted,
due to attractive van der Waals and capillary
interactions. The larger particles experience a
weight-induced capillary attraction in addition to the
dipole repulsion at low surface pressures, causing
them to aggregate. Once the particles are close
enough, i.e., high surface pressures, the van der
Waals attraction also becomes important.

In the case of monolayers with the small particles
(D <300nm), the probe particle can enter the
monolayer at low surface pressures due to the lateral
movement of the particles in the monolayer as a
result of their electrostatic dipole, and the attractive
van der Waals and capillary interactions between the
probe and the monolayer particles. At high surface
pressures, the attractions between the particles in

the monolayer are too strong to allow the probe to

break and enter the monolayer. In the case of
monolayers with larger particles (D>3 um), the
probe can enter the monolayer at low and high
surface pressures, i.e., loose and dense packing
regions, due to the stronger electrostatic repulsion
between the particles in the monolayer as a result of
their larger size, and the van der Waals and capillary
force between the probe particle and the particles in
the interface.

3.4 Adhesion and deformability of the monolayers

Information on the adhesion between particle and
interface and the deformability of interface can also
be obtained from the force curves. The adhesion
(F,o/RY and stiffness (Sy) values of the particulate
monolayers are shown in Figs. 6A and B,
respectively, as a function of the monolayer surface
pressure.

A surface pressure increase caused the adhesion
between the colliding probe particle and the particles
in the monolayer at the air/pH 2 water interface to
decrease, see Fig. 6A. A surface pressure increase
decreased the stiffness for particles with D<3 um,
and increased the stiffness for particles with D>3 ym.

An increase in the packing density of the particles
in the monolayer decreases the area of the bare air/
pH 2 water interface, ie., the non-particle covered

area. The wetting of the probe particle will be
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greatest in the case of a bare air/pH 2 water
interface, and least in the case of a densely packed
particulate monolayer with no bare air/pH 2 water
areas. The probability that the probe particle will
contact a non-particle covered area will decrease
with a surface pressure increase (particle packing
density increase), thereby causing the wetting to
decrease, and the adhesion of the probe to the air/
particle/pH 2 water interface to decrease.

The surface tension of the interface decreases
with a surface pressure increase. Thus, the decrease
in the stiffness of the particulate monolayers with a
surface pressure increase can be explained by the
surface tension change. Increasing the surface
pressure also decreases the spacing between
adjacent particles in the monolayer. Thus, the
increase in stiffness with a surface pressure increase
can be explained by the increased lateral adhesion
between adjacent particles, due to van der Waals
and capillary forces. As the capillary interaction
increases with size of the particles, the difference in
the behavior of the dependence of stiffness on
surface pressure for the different particle sizes is
thought to be due to the magnitude of the capillary
force between the particles. We can conclude from
our results that the capillary interactions are

important for particles with D> 3 ym.

The effect of increasing the particle size on the
adhesion and stiffness results can be obtained by

comparing obtained at the dense packing densities
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(II=9mN/m), see Fig. 7. This is because loose and
medium packing densities (IT<<9mN/m) showed
air/pH 2 water interfaces that were bare or covered
with moveable islands of TiO, particles. The forces
curves measured in this region can therefore be
thought to be the forces between the TiO, probe and
the bare air/pH 2 water interface and the forces
between the TiO, probe and the TiO, particulate
islands at the air/pH 2 water interface. Thus, the
effect of the size of the particles in the monolayer on
the forces is not clear. Forces obtained in the densely
packed regions (surface pressure > 9mN/m),
however, are only the forces between the TiO, probe
and the TiO, particulates at the air/pH 2 water
interface, allowing the effect of the size of the
particles in the monolayer on the forces to be clear.
Here the adhesion is compared as Fad and not Fad/
R2, so to as to remove the size dependence from the
adhesion values, enabling the size effect to be seen
more clearly.

Fig. 7 shows that decreasing the particle size
caused the adhesion to decrease and the stiffness to
increase. This result is explained by the increased
stiffness of the particulate monolayer with a particle
size increase. The particle-particle lateral capillary
interactions are thought to increase with a particle
size increase, stabilizing the monolayer and making
it stiffer.

A deformable monolayer acts as a soft material,
and deforms to cover the colliding particle. In this

case, the contact is not the point contact as is found
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in the adhesion between two hard surfaces. It is
instead a contact that should be considered in two
dimensional terms. A non-deformable monolayer
acts as a hard material. It therefore does not cover
the colliding particle, but only gives a point of
contact. Fig. 7 shows that the particulate monolayer
acts as a soft material for small particles but acts as
a hard material for larger particles. Further, in the
case of the particles in the monolayer being smaller
than the probe particle, a deformable monolayer can
cover the probe particle more, causing the adhesion
to increase, i.e. adhesion between a soft surface
(monolayer) and a hard surface, see Fig. 8A. In the
case if the particles in the monolayer being larger
than the probe particle, the monolayer cannot cover
the probe particle, i.e. adhesion between two hard
surfaces. Thus, the adhesion will be due to a point
contact in this case (regular adhesion force between
two hard surfaces), see Fig. 8B.

The stiffness of the particulate monolayer can be

controlled by the size of the particles used in the

A. Monolayer particles < Probe

Monolayer particle

Fig.8

monolayer, as the particle-particle lateral capillary
interactions stabilize the monolayer and are thought
to increase with a particle size increase. The stiffer
monolayers appear to be able recover quicker than
deformable monolayers, after the collision of a

particle from the bulk.

4. Conclusions

A particulate monolayer becomes more deformable
and instable as the size of the particles in the
monolayer decreased. Large particles (micro-sized)
gave the least deformable monolayer, where
monolayers of a high particle packing density gave
stable monolayers even upon contact by a micro-
sized particle. The most stable particulate
monolayers are therefore thought to be achieved by
using micro-sized particles and high particle packing

densities.

5. Outlook

The interactions between the particles in the
monolayer and interactions between the incoming
particle from the bulk and the particles in the
monolayer appear to affect the behaviour of the
monolayer at the air/liquid interface. Thus, the type
of particle colliding with the particles in the
particulate monolayer from the bulk is also expected
to affect the properties of the monolayer. The effect
of using different particles as the probe and as the
monolayer particles (e.g., particles with different

charges, surface chemical groups) on the physical

B. Monolayer particles > Probe
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properties of the monolayer will be investigated.
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Synthesis and Solid-State Properties of Carbon Cluster
Encapsulating a Molecule
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In the point of a demonstration of its fundamental properties compared with bulk water,a single
water molecule within a confined subnano space is one of the important topics in both material and
life sciences. However, a single molecule of H,O, that is completely isolated without any hydrogen
bonds, is rare so far because water usually exists in hydrogen-bonded environments. The inner
space of the fullerene Cy, is suitable to entrap a water molecule.It would be possible to control the
properties of the outer carbon cage as well as to study the isolated specieswhen atoms or
molecules are encapsulated in fullerenes.Endohedral fullerenes encapsulating a wide variety of
species, such as metal ions and rare gases, have been synthesized with physical methods under
harsh conditions. However, these methods are not suitable to obtain endohedral fullerenes
encapsulating small molecules.

The molecular surgical approach is a promising method to synthesize yet-unknown endohedral
fullerenes, which consists of creation of an opening on the empty fullerene cage, insertion of a small
guest through the opening, and closure of the opening with retention of the guest.To realize
endohedral fullerenes encapsulating a water molecule, creation as well as restoration of a larger
orifice is needed. With the concept of dynamic control of opening size, an open-cage Cq, derivative
was synthesized, whose opening can be enlarged in situ, resulting in quantitative encapsulation of a
molecule of H,O under the high-pressure conditions. The easy method to restore the opening was
developed to realize the organic synthesis of water-encapsulating Cq. The structure of H,0@C,
was clearly determined by the single crystal X-ray analysis, and the properties of the single H,0O

molecule as well as the spherical 7 -system encapsulating the water molecule were studied.
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Development of Zeolite Catalyst Which has High Selectivity
by Mechanochemical Treatment

MmfEE AR TR dgds B R

ft  Toru Wakihara

(PRIRIF AR LRSA R BEBR T 7E ke B0

A new method for the surface deactivation of zeolite catalyst was tested via a mechanochemical

approach using powder composer. Post-synthetic mechanochemical treatment of ZSM-5 zeolite

causes a selective deactivation of catalytically active sites only existing on the external surface,

giving a unique ZSM-5 zeolite catalyst without acid sites on the external surface, as a potentially

useful catalyst for highly selective production of p-xylene.
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Table 2 IZTG-DTADRER R &7~ o XM
ISRDERE O T3 — 7 OBIEEIC kS 2 EREAE S

Tablel FVIYDRAY ) —=)IZE DT IVFMLRIGHR (FUGKEH65min)
Toluene Product selectivity © /% M.B?
Catalyst

conv. ¥ /% p-X m-X 0-X 4-e.T 1.2.4-tmB 1%
ZSM-5 raw 28.4 22.4 43.2 16.4 8.6 9.2 85.7
3kW-3min 26.6 35.1 36.2 12.6 9.5 6.3 99.5
3kW-10min 26.5 36.0 35.8 12.5 8.9 6.7 91.7
3kW-30min 25.5 41.9 31.7 11.3 8.4 6.5 91.2

a) Toluene Conversion = (Total C -atoms of product) / (C -atoms of Toluen€input ) X 100
b) Product selectivity = (C-atoms of the product) / (C-atoms of Toluene input — C-atoms of Toluene output ) X 100
¢) Material balance = (Total C -atoms of the product and Toluene output ) / (C-atoms of Tolueneinput ) X 100

Table2 TG-DTAIZ & % %O
LA
B4 HEHADEIE %
ZSM-5 raw -2.49
3kW-3min -4.13
3kW-10min -5.19
3kW-30min -6.04
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Regulating Interactions Between Biomolecules and Engineered Nanoparticles

N

by Surface Modification of Nanoparticles in Living Cells

~

12102

MERERE  sAFAFRTENEN B F B @ Takeolto
Nanoparticles and their applications in the biomedical research fields have attracted increasing
interest over the past decade. Previous iz vitro studies have demonstrated that synthetic
nanoparticles could be incorporated into living cells mainly »via endocytotic pathways depending on
their size, shape, surface charge, and surface chemistry. It is thus important to investigate the
effects of surface properties of nanoparticles on the possible interactions between nanoparticles
and biomolecules for understanding the mechanisms of cellular uptake and the subsequent
clearance from the cells. In the current research, we have examined chemical conversion of the
surface structures of nanoparticles in living cells with the aim to directly observe intracellular
uptake and localization of the nanoparticles before and after the conversion. We have developed (1)
gold nanorods (GNRs) coated with coumarin-protected alkylamino-linkers and (2) silica
nanoparticles (SNPs) covered with dibenzylcyclooctyne (DBCO) structures. By using the former
nanoparticles, we have accomplished esterase-catalyzed conversion of their surface chemical
structures In living cells. On the other hand, DBCO structures on SNPs can be modified with
various azido compounds via the bioorthogonal Huisgen [3+2] cycloaddition. We prepared
phospholipids bearing an azido group and investigated intracellular localization of SNPs after the
addition of the azido lipids. As expected, accumulation of nanoparticles on the plasma membrane
was observed right after the addition of azido lipids, demonstrating that chemical conversion of

their surface could alter the interactions between nanoparticles and cell membrane.
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Table 1 Pseudo-First-Order Kinetic Rate Constants (k,,.) of the PLE-Catalyzed Release of
Coumarin Derivatives from the Surface-Modified GNRs

1 2

nanoparticle Kobs / ! t12 / min Kobs / s! t12 /min

L1@GNR 46 X 107 250 - -

L2@GNR 3.6 X 107 320 24 x 10* 49

L3@GNR 1.8 x 10 65 3.4 x 10 34
1h 3h

Fig. 1 Fluorescence microscope images of A549 cells incubated with (A) no additive, (B) coumarin, (C) L3@

GNRs, or (D) 2-L3@GNRs for the indicated periods. Cultured cells were photoexcited at 360 = 20 nm,
and the fluorescence images were obtained in the wavelength range of 460 * 25 nm.
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Fig. 2 UV-vis absorption spectra of GNRs in the
presence of various concentration of BSA
(0.02-0.30%). (A) 1-L2@GNRs in PBS buffer
(pH 7.0) containing 5% DMSO were
incubated with BSA. (B) Hydrolyzed 1-L2@
GNRs were resuspended in PBS buffer (pH
7.0) containing BSA and 5% DMSO.
Absorption spectra were normalized at 900
nm.
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Fig. 3 Fluorescence microscope images of A549 cells incubated with DBCO-PEG-SNP. Cells were treated with
Az-TPP at 37C for 24h, washed with medium buffer, and then incubated with DBCO-PEG-SNP (A) in
the absence or (B) in the presence of chloroquine at 37C for 3h.
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Fabrication of a thin film of sheet-like Metal Powder
by using flow Assisted EPD
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12110

[& 5 Takamasa Mori

Thin films of sheet-like powder were fabricated by using flow assisted electrophoretic deposition

method (flow assisted EPD). Effects of slurry properties and EPD conditions on the microstructure

of fabricated thin film were investigated. It was shown that the film had a relatively homogeneous

microstructure when the slurry flow rate was high, even though the amount of deposited powder

was small. It was also found that the films fabricated from slurries with different pH value had

almost the same microstructure by using flow assisted EPD. The particle dispersion and

flocculation state should be changed when changing slurry pH, however, assisted slurry flow with

an appropriate flow rate may break the aggregates and maintain relatively well dispersion of

particles, resulting in homogeneous structure of fabricated films.
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Fig. 1 Schematic illustration of flow-assisted EPD
apparatus.
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Fig. 2 Effect of slurry flow rate on particle deposition
behavior for slurries with a pH of 5.2.
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Fig. 3 Effect of slurry flow rate on particle deposition
behavior for slurries with a pH of 81.
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Fig. 4 SEM images of deposited particles on the
substrate.
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Development of Novel Technique for Separation, Classification and Surface

Modification of Particles using Dry-Cyclone with Mist.

~
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The purpose of the present study was development of novel technique for separation,
classification and surface modification of particles dispersed in the dry system using dry-cyclone
with mist. It was clear that classification performance was improved using a cyclone with water
mist supplied from a upper part of dust box and a cut size was able to be controlled changing the
flow rate of the entrainment gas. The ratio of the mass of the powders collected by the upper part
of the cyclone to the mass of the total feeding powder was enhanced because of the attractive
force, which was attributed to the static electricity that appeared between the silica particle and
the wall of the cyclone under the condition of the existence of water mist. However, this type of
attractive force was expected to be weaker between silica particles with a small contact area
within the cyclone thereby maintaining the dispersion stability of the particles. Hence, the
As

similarly, this method using mist was applicable to the classification of particles by Louver type

classification performance of the cyclone was enhanced during the supply of the water mist.

classifier. Mist generated from dry ice and hot water was supplied to the separator from the
bottom of the classifier to make the cut size smaller. About surface modification of particles using
dry-cyclone and mist of silane coupling agent solution, it was effective that the entire of the
surface of the particles was modified in the smaller time dry-system from the measurement of the

contact angle and the surface tension.
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Fig. 1 Experimental system of dry cyclone with water mist, the details

of the cyclone and experimental conditions.
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Table Experiment condition

Operating time 10 min
Feed rate of particle 1 g/min
Feed rate of mist air 5.0 L/min

Inlet velocity 0.75 m/s
(0 =130 L/min)

@ Feeder

® Air compressor

@ Dispersion ® Manometer
@ Louver separator @ Blower
@ Filter ®) Orifice

]

Hot watef 7>

Dry ice

Fig. 2 Experimental system of louver type classifier with CO, mist and

experimental conditions.
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Fig. 3 Effect of water mist on 50% cut size by cyclone.
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Fig. 4 Comparison of adhesions of each part of the cyclone between standard operation and the operation

with mist of 0.75g/min.
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Fig. 5 Effect of gas flow rate on partial separation efficiency curve.
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Fig. 6 Effect of flow rate of entrainment air on
collection efficiency by cyclone.
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Fig. 7 Effect of CO, gas on partial separation
efficiency curve of louver type classifier.
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Fig. 8 Effect of concentration of silane coupling
agent on contact angle.
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Fig. 9 Effect of concentration of silane coupling
agent on surface tension
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