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Masako KATO, Hokkaido University

Today’s Topics

1. Outstanding Vapochromism and
Vapor-induced Self-organization o A
of Platinum(II) Complexes with
Dicarboxybipyridine

. Solvatochromic Luminescence
Based on the Excimer Formation
of Bipyridine Platinum(II)
Complexes with Linear Alkyl
Chains

2010/11/9

Schematic p.(PY) . D,(PY
MO diagram :

MMLCT transition
energy decreases
n (L)  with increasing

Pt Pt interaction

d2 (Pt) d,2 (Pt)

e
Z—N» X
S

monomer

stacked dimer

Luminescent metal complexes which respond to
environmental sl'imu/J/'—/

Ao—z — e— § OA
&N/\ \JL
A

Pt\

NC/ CN
Vapor-sensitive Multichromic
Luminescent Platinum(II)
Complexes with

Vapor-induced
Luminescence Switching
of a Dinuclear
(Bipyridine)platinum(II)
h Complex Bridged by
Pyridinethiolate Ions

Solvatochromic Luminescence
Based on the Excimer
Formation of Bipyridine
Platinum(II) Complexes witl
Linear Alkyl Chains

em. Int. Ed., 2002, 83.
Chem. Lett,, 2008, 37, 16. e L

Angey
Bull. Chem. Soc. Jpn., 2007, 80,287.

Vapochromic Hydrogen-Bonded

Proton-Transfer Assembly Luminescent Photochromic Behavior
Composed of Metal-Hydrazone of a Dinuclear Copper(I) Complex
Complexes J. Am. Chem. Soc., 2010, 132, 15286. Containing Dimethyl Sulfoxide

(2,2"-bipyridine)(Dicyanido)Platinum(II)
with a Linear-chain Structure

[Pt(CN),(bpy)]

Pt---Pt = 3.34(1) A at RT
- Pt--Pt interactions

Temperature-dependent Luminescence Spectra
and Structural Parameters for the Red Form of

[PE(CN),(bpy)]

Emission Intensity

50 100 150 200 250 300
T/K

500 550 600 650 700
A /nm
a) 292, b) 260, c) 240, d) 220, €) 180, )160, g)
140, h) 120, 1) 100, j) 60, k)45, 1) 30, m) 15 K.

Kato et al., Inorg. Chem. 1999, 38,
1638-1641.






of [Pt(CN),(bpy)]

Yellow Form

Red Form H20 (g)
—
/

H20 (g)

Pt---Pt=3.3388(1) A Pt---Pt = 3. 3279(3) 4.6814(3) A
Pt---Pt---Pt = 168.59(4)° Pt---Pt---Pt = 132.89(1)°
Kishi & Kato, Mol. Cryst. Lig. Cryst., 2002, 379, 303-308.

1. Outstanding Vapochromism and Vapor-
induced Self-organization of Platinum(II)
Complexes with Dicarboxybipyridine

(0]

0O
AO :>_<=)—OA
7\ >
Vapochromism N N /
based on the >P <\
NC CN

change of the
Na,[Pt(CN),(dcbpy)]

platinum-platinum
interaction
Eur. J. Inorg. Chem. 2010, 2465.

[Pt(CN),(H,dcbpy)]

Kato et al., Chem. Lett., 2005, 34, 1368.

Packing Structure of
[Pt(CN),(4,4-H,dcbpy)]-4H,0 (Red Form)

Pt-Pt=3.36 A

Vapochromic Platinum(II) Complexes with
Linear-Chain Structures

M=Pt,Pd; R=CpHznsq
Mann et al., Chem. Mater. 1995, 7, 15.

Eisenberg et al., J. Am. Chem. Soc.
2004, 126, 16841.

Buss and Mann, J. Am. Chem. Soc.

2002, 124, 1031. Kato et al., Chem. Lett., 2005, 34, 1368.

Synthesis of [Pt(CN),(H,dcbpy)]

HOOC COOH

& HO/NH3 HCl
P{(CN)p.xH,O + M o
=N 4N reflux 4 days

Recrsytallization: DMF pH=5 4 3
NH, aq/HCl or AcOH /2M HCI 0
L) [Pt(CN),(H,dcbpy)]- U
[Pt(CN),(H,dcbpy)]:NH(CHg),  [P{CN),(H,dcbpy)]-2H,0

Comparison of the Packing Structures for the Red Forms
of [Pt(CN),(H,dcbpy)]-4H,0 and [Pt(CN),(bpy)]

he existence of large cavities is
haracteristic of the dcbpy complex.

[PY(CN),(bpy)]

orthorhombic, Cmcm
a=18.1092) A, b =9.334(5)A,
c=6.645(4) A,

U=1123(1)A% Z=4,T=293K

orthorhombic, Cmcm
a=17.381(5) A, b=18.426(7) A ,
c=6.525Q2) A,
U=2089(1)A3,Z=4,T=298K






Luminescence Spectral Changes for the Purple Form
of [Pt(CN),(4,4’-dcbpy)] upon Exposure to DMF Vapor

Amax =617 nm, T =594 ns

D

C Apax =662 nm, T=133 ns
SMMLCT

B
(™ Amax=712nm, 1=80ns

.= 767 nm, 7= 25 ns

2
3
2
£
=
<
k]
I3
2
£
w

(D) overnight (C) 120 min

Vapochromic Transformation for [Pt(CN),(H,dcbpy)]

Reconstruction

__(self-organization,

Crystal 1

2010/11/9 [Pt(CN),(H,dcbcy)]-2DMF

Powder X-ray diffraction patterns of [Pt(CN),(H.dcbpy)]
on exposure to various vapors

The 1st step for the
reconstruction is

Sl  essentially the same.
The complex uptakes
vapor molecules to
form the 3D network
structures.

I
10 15 20
26/ degrees

Changes in Powder X-ray Diffraction (PXRD) Pattern of

[Pt(CN),(H,dcbpy)] upon Exposure to DMF Vapor

Two-step Transformations
1+ 2DMF

DMF 4 days crystal
e W ARSTE R

ﬁ\ &VYellow Form

|

¥ W

i|
e |'||l ) .

Intensity

|
J L DMF 1 day crystal
o L - _.'\J‘-'[Lf‘.__.'\_. \_ﬂ“f‘\_m‘.—.—v & Red Form
Pzl
DMF 3 hs| [

__ After drying W amorphous
el < Purple Form

1+ 4H,0
= Ll.l_._ ...L.u__._d_.n—.u .__.;.( Simulation/
10 1 0 5 3 Tetrahydrate

2¢/ degrees

Luminescence Spectral Changes of the Purple
Form upon Exposure to Various Vapors

Purple form

Emission Intensity

The Plot of the Emission Energy for
[Pt(CN),(H,dcbpy)] in the Solid State Against the
Dipole Moment of Vapor Molecules

Vapor molecules

@ pmso = higher polarity

® DVF | luminescence
AN @ = higher energy
acetone
° Pt---Pt interactions
= weaker

EtOH

E ' AcOH

ccl °
° MeOH

»
» ® CHCl
toluene CHCl,
1 1 1
2 3 4
dipole monent /D

Good sensor for
organic vapors






Vapour-Induced Amorphous—Crystalline
Transformation for Na,[Pt(CN),(dcbpy)]

ion of 2D network to 3D structure

q netal cations
bonding interactions 2

o

N-i-‘c____‘lit/N'- 0
N :, ~ o

Crystal Structure of Na,[Pt(CN),(dcbpy)]-2H,0 (1C)

Vapochromic Behavior of Na,[Pt(CN),(dcbpy)]-2H,0

on Exposure to Methanol Vapors

MeOH vapor

Luminescence spectral changes
. :

12hsy 10

before
exposure

500 600 700 00
Wavelength / nm

Preparation of Na,[Pt(CN),(dcbpy)]

NaOMe/MeOH
e —

—_— = :
MeOH Suspension of Na,[Pt(CN),(dcbpy)]
[Pt(CN),(H,dcbpy)] H

Recrystallization
(H,0/MeOH/Et,0)

pale yellow crystals dry  pale yellow crystals
Naz[PE(ICcl\l))z(dcbpy)}ZHzO Na,[Pt(CN),(dcbpy)]-5H,0

20

Changes in the powder X-ray diffraction pattern of 1A

Na,[Pt(CN),(dcbpy)]:2H.@

(] Vapor-induced
self-organization

Crystalline soild '
(1C)

Hydrophilic '- l i

vapors $=027

Intensity / a. u.

Amorphous solid of
Na,[Pt(CN),(dcbpy)]-2H,0
(1A) i

Vapor molecules
were not included
in the crystal 9

Summary 1
vapochromic platinum complexes

[Pt(CN),(4,4"-H,dcbp Na,[Pt(CN),(4,4"-dcbpy)]-2H,0

Multichromic luminescence
controlled by hydrogen
networks






2. Solvatochromic Luminescence Based on the
Excimer Formation of Bipyridine Platinum(II)

Complexes with Linear Alkyl Chains
Kato et al., Chem. Lett., 2008, 37, 16.

Introduction of linear alkyl chains to bipyridine

platinum(II) complexes
CnHZn+’1

improve in solubility and

amphiphilic properties

enhance self-assembling

ability and flexibility
CrHzn+1

[PtX,(dC,bpy)] X=Cl CN-n=5,7,9, 11

Face-to-face
arrangement of two
omplexes

Pt---Pt=4.984(1) .

Concentration-dependent Luminescence of
[Pt(CN),(dCybpy)] in CHCl,

A B

- =

=p higherconcentration

22x104 M 11x10°M 55x103 M
(=340 nm) | | (oo =394 1m) | | (e, = 404 nm)

Synthesis of the Platinum Complexes

dCbpy
K5[PtCly] ——— [PtCly(dCbpy)]
H,O (acidic)

rofil (Recrystallized from DMF)

yellow crystals
dC,bpy
DMF / NH3 agq (Recrystallized from

reflux CH,CN/CHCI,)
white crystals

[Pt(CN),].H,0 [Pt(CN),(dCrbpy)]

dC,bpy = 4,4’-dialkyl-2,2’-bipyridine
n=579 11 H2n+1Cn CnHans1

¢ 7

Emission Spectra of the White Crystals
of [Pt(CN),(dCqbpy)]

—— [Pi(bpy)(en)P>* in
MeOH/EtOH at 77K

RT (t =6.2p1s) - - - [Pt{bpy)(en)|(CIO,),
—— 77K (1= 46 ps) crystals at RT

Sin*(bpy) of the
discrete complex

Emission Intensity

monomer
emission

I I
500 600 700

Alnm A, =350 nm Miskowski & Houlding,

Inorg. Chem. 1989, 28, 1529.

Absorption and Emission Spectra of
[Pt(CN),(dCybpy)] in CHCI; at Different
Concentrations

at Room Temperature

T T
A4.4x105
B2.2x10+4
C1.1x103
D5.5x103M

Absorbance
N w
o o

Ajisuaju| uoissiwg

-
o






Emission Spectra of
[Pt(CN),(dCsbpy)] in Methanol at RT

Excimer Fluorescence Spectra of Pyrene

L A:102M Schematic energy diagram
B:7.75x 10° M 2 ¢
. 3 for excimer formation

D: 3.25x 10°

b Ez103M

L G:104M

A:1.1x10°3
B:2.2x10%
C:4.4x10°%
D:8.8x10°M

=
)
)
fa
)
)
=
fe
=]
)
0
=
(i)

monomer emission

! ! !

1 d
400 450 500 550 600 650 700 750 800
Ao

J. B. Birks & L. G. Christophorou, Spectrochim. Acta, 1963, 19, 401-410.
31

Emission and Absorption Spectra of Emission Spectra of
[Pt(CN),(dCsbpy)] In Toluene at RT [Pt(CN),(dCybpy)] in Toluene at 77 K

monomer emission N

1N

in frozen o
Excimer toluene SR o
emission : 3 =
—)

absorbance
=3

S
S
Emission Intensity

v in fluid —_— 1.1%x103Mat77 K

3 toluene — 22%x104M at77K

excimer emission| —— 4.4x105M at 77 K
& -=== 22x10*Mat RT

o
Aysuaju| uolssiwg

o

Aoy = 340nm

3310/11/9 2010/11/9

Emission Spectral Changes of [Pt(CN),(dCybpy)] Summary -
in the Different Ratios of CHCl;/Toluene

. Aseries of bipyridine platinum(ll) complexes bearing
linear alkyl chains, [PtX,(dC,bpy)] (X = CI-, CN-, n = 5-
11) have been synthesized and characterized.

100/.0 %viv . The layer structures were found for the complexes with

90/10 C7-C11 chains in the crystal states.

80/20 . These complexes are soluble in various organic

70/30 solvents and the dicyanido complexes exhibit

gggg characteristic luminescence depending on solvents and
40/60 the concentrations.

30/70 . The solvatochromic behavior of

20/80 the luminescence is attributed

10/90 to the formation of the excimer.
0/100 %viv

Monomelr emission s Excimer emisslonf{elteNat- 103

Emission Intensity

c=5.0x10° M, A, = 320 nm at RT

The complex exhibits solvent-sensitive luminescence
depending on the formation of the excimer.
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Biotin 7.2 ng/ mm? Avidin Streptavidin
\4
09903 0.0
Qe Q00 Y OVATES
Membrane Q v
on metal-mesh
membrane

1. Membrane was set on the metal-mesh

2. Biotin was spread on a membrane

3. Avidin or Streptavidin was bound on to the Biotin
4. The spectrum shift was measured using FTIR

Biotin (M.W. 250)

BSA(66kDa)
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Measurement of thin PET film thickness
using metal mesh

Transmission a.u.)

¥ (mm)
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Aperture 2=240 um a=150 um 2=90 ym
Bow tie

aperture

Porosity 33% 13% 5%
Square 1.?.

a

aperture >
Porosity 64% 25% 9%

Material: Nickel, g = 300 um, thickness = 30 um

Purpose of using bow tie aperture...
1. Generation of shape resonance
2. Electric field enhancement at the bow tie tips

Transmittance

ROAAFO AL Ay alZkD
YIIHOEEEHRI(SIO,)

‘ BBRRIMLO T I lﬂ%E&*‘/?h%wEﬁﬁj
0935 T T T T
Exponential
O\‘ decay fit
_ \
N 0930 - B
=R /
; \
20925 § B
= N
2
3 N
& 0920 |- =2 4
_________ [}
0915 Lt I I I I I
0.90 0.95 1.00 0 200 400 600 800 1000
Frequency (THz) Thickness of overlayer (nm)

100 nm EEMDE L VExbow tie MHAIZ LY ETAI AT BE

Si Roc Sensor
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scent Field
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Collaboration wit!
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Lab. in Tohoku Univ.
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Detectio Carbon in
Soot Co ion Filters
usin 1z-CT
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e =
=" Soot Filter

There has been no method for
non destructive measurement of
soot distribution in ceramic filter
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DCPS =300 mm q D f=150 mm

beam dia. 8mm¢

Gunn oscillator
65GHz

Diameter of soot
filter 130mm

Sample view
X-axis step: 2mm
(64step x 2mm = 128mm) 65GHz ”Jﬁa
0 step: 2deg. \
(180step x 2deg. = 360 deg.) L

6 stage

TLILEZ—HDARDCTAA—S TR

CT image view of sample
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Fluorescein As a Useful Platform for Fluorescence Probes

<#®Rx70-—-78#E L TOFluorescein®iFR>
D RiEREHEHLTHE (HBICEAZFA—UHDEN)
@ KRBEPTHEVEFNFEEZLD R R

Fi#EFluoresceinFFBFENDE A EFINE

xmax (nm) <I)ﬂ
COOH  COOH o, COOH 490
HOOC™ N’ o o “N~cooH HOOCANJ/ 0\—N)©\ O COOH 490
: e g M NH, 486 0.015
cl (A Cl  CH; \ N 490
HOOO ‘rllo‘(r?’ HO O o O o 490
Fluo-3 for Ca?* CoroNa Red for Na* 490
cn;cﬂ‘ aﬁa’m 0-NO,PhCONH 492 0.044
KREMGEKE 20— 20, - (? HORKEENDSNT mNOPhCONH | 492 |  0.224
BEHiBO BiEHEES HN 2 L))N/\/H ® LBOHTH-IE, p p-NO,PhCONH | 492 0.015
#FH-TLID COOH COOH
; ;; ) Heesl & (MERE. BERE) BELES. B (BTRE)

DAF-2 for NO ZnAF-2 for an*‘ E' 1' TJ“'«rﬂ.’.Ef 6 °






{ERAR S DIREE : WAL L BOBEF RS FRARXFTEEFTBI(PeTICLURIETTETSHS
WAFEBE £Electron donor& 93707 L1 L EOERNEFE

R D)
- "COOH
Y CcooH Relationships between d, and H DPeT DonorBF BEEHARFIRELOBIFR
1ol IJCL,  the HOMO level of PeT donor REEMERG >
AX (BFH5E) COOH e PeTD. HOMO level ¢
HOMO level B ] €1 DoNor a3 vp, hartrees) fl
3 . nm HN,
-0.19374 0.005
g 0.003 o e (&%) HO o o ) 1 @COOH m
*AL 019374 0,005 N &
"COOH -0.20422 0.015 H‘
NH, "COOH )
@ 020422 0015 &
NX o (a) PeTAEEZIBE (b) PeTHEZSLLMBE Qe 0 222 | I
. 12 020498 | 0.003 | H'f.h.H_OQ.“‘"oO o emaes
X. max : nm . 00 '
Em.max: 512nm (: L.)?T .................................... e : KN/LO:VOJ\NJ;O
Dy: 0.89 ® 1 O O\LO©
1 ]
com -0.22744 | 0.89 o / C, & o
o’ () (o8

@ 023159 079 Fluo-3
"COOH

Fluorescein e HNEHFICE) MWVENERI D
@ -0.2605  0.92
'COOH

Ex. max: 490 nm

o et D Q. o [om FNAL b S BEXBDERFRSMIBREALERFEEITSS, €
ORAHHBEOERRAOBFERICHKELEPCTIC & I MEBIRETSH 3.

B|ATO-T7 DREMEERE #1

" _ IFARS RENRATF (V) 12
WX 70—7%3H> TEW /=L ! BRI RS

<ZZH5DF—T7—K> B #2021

EFEE GLEMD OB E e-v

E ﬁ ;ﬁrg g{b ‘: o 7&: ‘f 6 Fluorophore Fluorophore
7 [FE M

HAREFMILIC, RAARDFERRNBGREZRIIRUZEAL. ORI
ORIGEIHRTOBTERAELZHMLT, “E720—72%RENICHHT .

iR —ERER®E70—7DMAXOR S
Reactive Oxygen Species (ROS)

| LOO- LO- LOOH |
Vud AN

/{ 102
—] V2
3 - .
02 —- 07 — > H0; ——OH = He0
NO
N _
/ \ / clo
ONOO ‘ Metal oxygen complex ‘ EX. max : 492 nm Ex. max : 492 nm
Em. max : 517 nm Em. max: 515 nm
@5 : 0.015 @5 : 0.81

RENAFRAAZEMA. RREEN ORBRNG0,HKX 20— 20MRICRKIILE.

JACS 2001, 123, 2530-2536






Reactive Oxygen Species (ROS)

| LOO- LO- LOOH |
ud AN

o o,

/ _
302 p Oz = H202 pe -OH p= Hzo
NO
/ \ / X o
ONOO~ ‘ Metal oxygen complex ‘

BATO-T7 ORBAERERE #2

Designing Strategy #2

oo e

Fluorophore

No more
PeT Donor
—
Specific bond-scission

Strongly fluorescent

Fluorophore

Almost non-fluorescent

Ipso-Substitution Reaction of Aryloxyphenols and Aryloxyanilines Are
Mediated Only by Highly Reactive Oxygen Species (hROS)

High
HOMO
Energy .
~_hROS i 5 .
/
Fﬁ J (X=OorNH)

Fluorophore 5

+hROS can mediate this reaction.
» Other ROS cannot.
- Mere irradiation of light does not proceed.

Fluorophore

By using this reaction as a detection principle, we can distinguish hROS
from other ROS (especially HoO3), and we can evade light-induced
autoxidation.

BODIPY-based NO*7 @ —7MAMBO & B $

MAMBO-T
(Pf =0.47)

(®q < 0.001)

u
NN W oW S
o o © a o
S © & © o

&
=
@
c
g
=
)
3]
c
@
o
@
[0
S
=]
[

50 -

0 +—F———————
450 500 550 600 650
Wavelength (nm)

MAMBO 5 pMI=NOC13ZEML7=RED

pH 7.4, 0.1 MUVERSF -+ LB Ei#R
TOHKBEEE.

Yu Gabe, Yasuteru Urano, Tetsuo Nagano et al. J. Am. Chem. Soc., 126, 3357- 3367 (2004).

Reactive Oxygen Species (ROS)

| LOO- LO- LOOH |
Vud AN

1
(@)
// 2 .
302 - Oz_ = H202 o {‘OH o Hzo
NO —
Clo-

A V. )

7 [
[ ONOO~ ] Metal oxygen complex

Reactivity of HPF, APF and DCFH with ROS

Fluorescence Increase upon
Reaction with Various ROS

<Reaction Condition=

ROS HPE APF DCFH [dye]=10 uM (0.1 % DMF as a cosolvent) OH &
.y X 24+ -
‘OH 730 1200 7400 OHL: [Fa=71=100 yM; and (Ha04]=1 mb @ )
e i én! - Beh ONOO™: [ONOO|=3 uM T o X
& ~OCI: ["OCI]=3 uM 9P LI
od 6 3800 86 0, [KO,=100 M [ coon
Ce 8 6 67 10,: [EP-1]=100 1M I
o, 5 9 26 Ha03: [Ho05}=100 uM HPF APF
ROO': [AAPH]=100 uM oH
H:0; 2 <1 190
22 17 B i NO: [NOC13]=100 M O‘O
ROO Autoxidation: Dye solutions were placed under a O
,,,,NQ,,,,,,,,,,,,,,,”S‘I ,,,,,, 1 ,59,” fluorescent lamp for 2.5 h.
Autoxidation <1 <1 2000 DCFH
HPF and APF

are not autoxidized at all.

can reliably detect hnROS and/or “OCI with a distinction from other ROS.
can distinguish ONOCO™ with NO.

K. Setsukinai, Y. Urano, K. Kakinuma, H. J. Majima, T. Nagano, J. Biol. Chem., 278, 3170-3175 (2003).
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JACS 2001, 123, 2530-2536

NiSPY-3
([F1Fmas)

240 VEHEEHE TR (hROS) 0031 % R tid 20— 7HPF, APFORIRE

e g\ Q.. HohlyROS -
HX N > >,
QO O 0’ O 0 ) o 0

HPF(X=0), APF(X=NH) Fluorescein
(FIFHEH) (€309
- <HPF, APFOIE>
_BEROSICHIBRABHMOB o= nuL s onrosons @iiase
ROS __ HPF__APF_ DCFH S B RN
> M—AHOBRRMITHE

OH 730 1200 7400
ONOO~ 120 560 6600
-oci 6 3600 86
T3 8 6 67
0, 5 9 26
Hz0, 2 <1 190
ROO" 17 2 70

NO 6 <1 150 APFZ L V=, PMARURIC S
K=

3
Autoxidation <1 <1 2000 str

JBC 2003, 278, 3170-3175

HySOx
FRIRIRAS (Ma%)

ZhOMER AL 1R 20— 2NiSPYFROMA

JACS 2006, 128, 10640-10641

JACS 2007, 129, 7313-7318

= ~D{EERkn
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Fluorescein Was Firstly Developed in 19" Century

Johann Friedrich Wihelm
Adolf von Baeyer

leh bin mit der Fortsstzung der Ustervachang bn disser Richtung

(1835-1917) beschifiigt

Received Nobel Prize in 1905.
Discovered Fluregcein in 1871.

164. Adolf Basyer: Usber eine neus Kissse von Farbrtoffen.
v vou Vert

Ber. 4, 555 (1871)

The chemical structure of fluorescein has been almost unchanged for over 100 years.

Is the Carboxylic Group of Fluorescein Indispensable for Being Highly

Fluorescent?
— Answer is NO!

— Breaking Out the Traditional Fluorescein Sructure (TokyoGreens)

I COOH
CLC
HO O O HO

O o}
Fluorescein Hydroxyphenylfluorone
¢ =0.85 ¢ =0.20
( Known Compound ) ( Known Compound )

Y. Urano, M. Kamiya, K. Kanda, T. Ueno, K. Hirose, T. Nagano, J. Am. Chem. Soc., 2005, 127, 4888-4894.

okyoGree,

Me

CLUC
HO (0] 0
2-Me Fluorescein Deriv.
¢ =0.84

\ ( Novel Compound! ) /

HO2EHHOLBALRRETTHRILT S

70—7%4{EV 7=\

<ZTHE5DF—7— K>

HRfE>TM?
EICENMDEL

ZNFLELDANEXD NEZ

ZhF LA OBREFEICHDALERDL?

I COOH
O
HO O (0]

Fluorescein EEIRk
¢ = 0.85 6 = 0.20

(EEFEEa) (EEF{E &)

TokyoGreenfild. BEN DBRINEICERETIETH S

T R
tBuLi or M F
. kil SN
TBDMSO (o] OTBDMS
Br

R

R

®

QO
HO' (o) o

high yield

1 ® O
.
J@\ . _Meat H” COOH - COOH
HO OH o N N
d HO 0 0 HO o )

mixture, relatively low yield
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(A) Fluorescein-based probes

@ COO" Hydrolase _ ° o, =3
S = ’ )
o[‘iolgio bl‘DOIGiO
ﬁ%l& -

E5RaluBBelieale R (B) 2-Me-4-OMe TokyoGreen-based probes
OCH, OCHs

,Lh JL 'L tw_ -l L. O CH3 Hydrolase O CHs
— A T N
RO 9] (9] o O 0]

[F 3 mek Eead

Reduction Potential

=-1.21vssce

Acidic Condition (pH=3.4)

Reduchon Potendlal

-0

Basic to Neutral Condition

BAT O -7 ORENEERE 3
WMHB-HF7 b 4—EBETO—T (TG-BGal)

OCH;,

@

CH,

0

H

Designing Strategy #3
No more
:
[>Fluorophore _[>> Fluorophore
Specific reaction

|1—Gaaalas|dass

TG-pGal
lilggﬁﬁ gﬁ‘ \ﬁ%;&%a— 5 (almost non-fluorescent, dy = 0.002)
HABMTHIFH > T ROBTEUNRIGEITETAE<SRESZEEHAL.
EEMKRRERG EICHT 3AMEOREL\ 20— 2585k EILE.
T6-RGalIC L BEMBTOBR-HF I MY 4 —HFERIXA—F T #7=1:ALP7 O — 7 (TG-Phos ) FAH

TG- B Gal / /acZ(+) GP2934liAa TG- BGal / /acZ(- )GPZQSWIIE

Me Me
O, L,
0 P (o)

FDG / /acZ(+) GP293#HAa TG-Phos 2-Me-4-OMe TG
e =0.011, g45, = 3.0x10* =0.84, g4, = 9.0x10*

M. Kamiya, Y. Urano, N. Ebata, M. Yamamoto, J. Kosuge, T. Nagano, Angewandte Chemie Int. Ed. 2005, 44, 5439.

<BBRAF—L>

[

n& . n’i nﬁ.i FMNG / /2cZ(+) GP293HRa
TGEG;I FDG rms 4 Me (EtO)ZPOCI TEA Me TMS 1 Me
e i - i N N
- y T oo, ‘ cnzm2
Q.. 5 3 ; NOGSH B0 0l 2,

;
OEt

£230000
©:035

y. quant. y.27%






Caged TokyoGreen Caged TokyoGreen®4E iR D& A

®a0c0 A) TG-NPE B) BisCMNB-

UV light & .
uncaging (< L &

() g "0
©\)N\07Cag d Toky« Fluorescent TokyoGreen

° (®<0.001) (® = 0.86) SEC 10sec irr sec 10sec irr

= GEMAEERL R 27 577 R OmE = IR DIAE
(PRPG:i‘t"ﬁZ TERER)

250 500
Cell (HeLa) of (A) TG-NPE AM and (B NB-FL AM. Differe: ntrast (DIC),

d merge. Sel d with a 100
re mercury lamp via a 3 385 nm band-pass filter through an

IEBRMRRRICH TR R RITE S ENERKTE

T. Kobayashi, Y. Urano, T. Nagano et al., J. Am. Chem. Soc., 129, 6696-6697 (2007).
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Input Output Objective
' ; % . Ko S
From Chemical Biology o

Cultured cells
Tissue slices

t P'6) in vitro

in vivo

Cliemical Medicine
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% X Aammm
Challenges:
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RIRITIHEATO-T DR
ABIRIA A~ T - -
() 70-7 ORELERBETBAA—I2 5 «+ «C, BAEHZEESN >THKSEIN?
> BRI2%, i, (e EAL 12— 9 T0- T OB
MRT, PET non- ac’rlva’rable fluorescence @rafegy} \
** w X K g K
* % * % MABRAQR— 1« T 1 - 17 HEHERRLT
ERE _ .
(b) =TS 55 WO FiHl ERBET A4~ 5 (RRF =il - 2> RKIRINZEF)
> IO-THRET BB B L
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HRMBRIERBR LR T O — T ORR Fluorescence Images for pH Profiles of pH Probes

High electron

density pK,=3.8

BODIPY
(Intrinsically fluorescent)

+

Almost non-fluorescent \H

Low electron density.

DiMeNBDP ) pK,=4.3

EtMeNBDP S » PK, =5.2
\H/ HO FF oH 5 ‘
Ney - ] »

pH Activatable probes

DIEtNBDP PK, =6.0

S/N > 750

“Always-on”
fluorescence

Highly fluorescent

Labeling pH Probes to Trastuzumab Imaging Strategy - Ligand-Receptor System -

Autophos _ Trastuzumab

S . °
4 .Dlmerlzatlon ® @ phorylation 4 . 4> PH probes
e — ‘
o ® C Endocytosis
pH Probe 5 .
Trastuzumab  succinimidyl ester Labeled or

(IgG) Trastuzumab pH Probe
succinimidyl ester

Early endosome
s (=neutral pH)
- Labeling site: |
Lysine residues on proteins at random
- Moderate reaction condition:
Labeling in PBS (pH 8.4) at r.t. for 1 hr in the dark
- Easy purification: / Late endosome
Labeled Trastuzumab was readily purified by a gel o ," or lysosome
filtration column. i @l . _ - _(acidic pH)

Fluorescence Imaging of NIH3T3/HER2 Cells Fluorescence in vivo Imaging

24 hr

Tail-vein injection

“Always-on”
PhBDP

DIEtNBDP-Trastuzumab =2
(pH activatable)

2hr - , - Lung cancer metastasis
5 - 3 PhBDP-Trastuzumab mouse model
(“always-on”) U
A

Spectral fluorescence imaging after
thoracotomy a day postinjection

“pH Activatable” probes
DIiEtNBDP EtMeNBDP DiMeNBDP

Final concentration: 50 nM BDP-labeled Trastuzumab  Scale bar = 20 um






Nma’iﬁ/atal_)“f@e y Activajagle probe | “aﬁvatable probe
|

Activatable probe
(Fluorescent only
under acidic condition)

S fluorescent)

A

e RG spectrum image

3T3/Her with 100ug Herceptin-
nonactivatable BDP and 200ug Herceptin
VS
3T3/Her with 300pg Herceptin-activatable BDP

Y. Urano, D. Asanuma, Y. Hama, Y. Koyama, T. Barret, M. Kamiya,
T. Nagano, T. Watanabe, A. Hasegawa, P. L. Choyke, H. Kobayashi,
Nat. Med., 15, 104 109 (2009).

Selective /n vivo tumor imaging
with pH-activatable fluorescence probes

White Light Fluorescence (Spectra Unmixed)

Mouse: SHIN3-intraperitoneally disseminated, Probe: DIEtNBDP-GSA, ip

Y. Urano, D. Asanuma, H. Kobayashi, et al., Nat. Med. 15, 104-109 (2009).

Take Home Messages

Rational and flexible design strategies for
fluorescence probes could be established based on
the concept of PeT and spirocyclization.

Novel and highly activatable fluorescence probes for
ROS, H* and various enzymes could be developed.

Combination of tfumor specific targeting and
fluorescence activation enables highly specific cancer
imaging.

Rapid and sensitive detection of tiny tumors in vivo
could be achieved by using novel small molecule-based
probes, which would enable us to diaghose tumor sites
intraoperatively with fluorescence endoscopes.

"pH-activatable" strategy is versatile and applicable to
a wide range of receptor-ligand systems

Glyco-
protein g

Autophos-

i H probes
Targeting phorylation z PL‘ p
igand
> > (antibody etc.)
‘ 4, Endocytosis
[rurs]

Target @ X\X ¥ ; Early
receptor endosome
O % © f' (pH ~7)

_ X =

g =
Tumor celr/ '{ \ \

Highly fluorescent

Late endosome
or lysosome
(pH 5~6)

In vivo endoscopic imaging of peritoneally disseminated
tiny tumor sites in living mice
with pH-activatable fluorescence probes
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(1) mEME BE—L AFEED, RAENFE, MEHE= FE 2007-071714

(2) Egami, Y., Kleim, Ch., Henne, U., Bruse, M., Ondus, V., Beifess, U., Development of a Highly Sensitive
Temperature—Sensitive Paint for Measurements under Ambient (0-60-C) Conditions, 47th AIAA Aerospace
Science Meeting and Exhibit, Orland, Florida, USA, AIAA-2009-1075, 2009.

(3) Claudy, R, Létoffe, J.M., Camberlain Y., Pascault, J.R.: Glass Transition of Polystyrene Versus Molecular
Weight, Polymer Bulletin, Vol.9, (1983), pp.208-215.
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EWRIKE

XIE Z#(Pressure-Sensitive Paint, PSP)I&, RIL () FEROLCEBRERHALGEDBRISKRET SHIL
SRYEVADBENBABEDERENITKFLTEILIT ARZEZFAL, EXFPICEME-YAEEREDES
NHEARILE AT AAZME NI THS. PSP HAITIEBEREZTITO—TELTRHWSSH, ¥4/0X
T—IL DTN DBRANPAFIN TS, RUIENIUFTLETDH PSP DIFE, REOCKREHESDH
HOHLSARMAUREBEG O T COREEZRRT 57-8, ERZEBRETERILEZMICERES
SHLIAEMNRESN, EEZFLTRORILI(IVVFEBAROERESIREZMERL, BRENNSVLODREE
OB ELTHEET AT LERERL. AR T, EMESICELZRILI(OFEREHIZERKL, £
NoZEITO NTRETERBERELERN T HLLBIC, TAoDHRAELUVRIIFEERAT-.

Holmes—Smith, A., S., Zheng, X. and Uttamlal, M., Characterization of an electropolymerized Pt(II) diamino
phenyl porphyrin polymer suitable for oxygen sensing, Measurment Science and Technology, 17, (2006),
3328--3334.

WAFE-ERME, BERESEKICLIBRESS FROBE, 4 ERAENEBER/MEFHRES I
L—avfifiis wRom L 2009 F7ELE, (2009), 193-—194.
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Molecular structures of porphyrins used.
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Phosphor Z L= SR8 7 A RGE Z F 0 5T

EN W, KAKE, ZFHEN
RIEXZF

RE, RXOARILEYMEFERALLBEEZHNEATARLSREOREAE XL, BAEOSTWN
£ phosphor DRIANRIN TS, KR TIE, BFRICEMEY phosphor THEHRIFRKDES3FE
D Y,0,E (B 1) NAUFCaRAF IV hZEFEAL, T00°CIEEFE TR TEHREZEHOHMEEITLY,
ZOHEICEY HFFHmE T o7 ERMICIEZZEHMAD phosphor ENAU T DB LLEEILSE-ELZDRE

REOER 2), HFHREELSELLEDBERER IPYUTILEREDHKRF(E 4), BEHH(E 5)
FRAEL:. TORE, BEAVEESHETREFF OILARERINIA, BHIZETS phosphor DEIEZE
Z<{L1=BE, 100~400°CHBEH TRABELLNMET I IRELN RSN . FRFOBRKRENSKT S
& YUTLRENMMLEZAEDLIEMIREGY, BRESTLEMNHIEL, BYDDSAEDIEDBHSH
Lhiotz. i, SOITBEDSULVEE (1000°CUL L) TREEF DI+ R I7—DEELFHEET>TULKT
ETHD.

SE Xk

(1)S. W. Allison Remote thermometry with thermographic phosphors; Instrumentation and applications

Rev. Sci. Instrum., Vol.68, No.7, pp.2623-2624 1997
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3. L—Y—EEMERICE D, TNETLDOHFBRICLISIBEZHNRADESEHM (LR E REDHEAE
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FELITFASBR®EE i SRRk

4, FNFNORFHRIRICEDBEEEE D 500~600°CHREEICEITARESF. EEOMEEIZY VT
JLD FlERS3 300 X 400pixel Z{EFAL, 1pixel CEITHR/NZFEEICE>THEEL-REMBDIEEEZIVELS
Lt=. Ff=, h5—N—BFKERICEFTHEDFHEEFIDICEY, ZBERED2EDEE L TICEST-.






BHETERRRREAZBEL-REI—T7 DHR

FRNEARY, R E1§E"
EEXRZE, FEHMEREREMRE

BEEERRTTOEAMBTFHOLDIC, MAREOBRESHEZARILTHIENTEELREER
(Temperature—Sensitive Paint: TSP) [(LIERIZEZTY—ILEEZOND. LHALRY—CRRERFZREFT
BHEED TSP TIEEHAMBICHAONT, oY —,LTOHREEZELIET I SRENELS. KHETIE
BERAFHF Y UNAR-BEEFRERNCORRFAKBRADERZEIEL, 2 BEOERL 4 FEOBRERAL
T TSP #{ERL, $§1EEHEZTo-. BAERIE SR NOEAINREFCEIGEBBRILRETILI=V LA
(Anodized-Aluminum:AA), RUZEWMEEEMD-HDFH-HHEZMELTEEINTLNAR—I5/LD 2 &
FEEERALI (R 1). TSP ERKIZ AA DEBRTEFEZELTAHALLNTWSTAYELTERICKYITLY, TEMED
B TEHRERLLTO—FEU B EOZU B, EOZV Y, EuTTA D 4 382 EAL, TavEL T EHELTE
NETNBHEDELGD 8 BEDTAVEV T BEEZ/NTA—FELIZ (R 2). REEGHLBROSAO—HIE
ZEMEL, RAZBEHICIYRTEFMEITo-BER, ThThOERLBROMEAEGDLE LI, TavE
U REDBEICEST—BAARERUREAZIEVA RN, RELGERE AR AEOHEASHEDR
ED=ODT—REB/DHIIENTER(E 3). Tz, TAVEVTEITESTR—IFA M DBREBENTES-.
M EEARER (X SR TH S 100~200°COREEHFE TITLY, AA-R—U5Ab#IIA—FIUBE ALV
DHARLBWVEERETHLAI LA A o= BREREL, EE AA-BRO—FID B-FEAFHOD TSP
M-0.75%/K, HBER—H5(k-BFZO—43ID B-AE/O0A42 0 TSP A3-0.49%/K THo1-(X 4).

(a)
1. TSP IZE#RLI=EEE. (a) R—U5 A, (b) 5181t R IR (anodized aluminum, AA)
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FEEERREZORAENTEHAELT, EABEBERICERZRESE-ERLER PSP KRS TL
5. TOHTIHBEL RIERBREI—T 1% (Anodized Aluminum-PSP, AA-PSP) [X&IRDIGEMHZERL,
FEEEFRICZANGNTNS. LHLEAS, BIBEILIEXTILIRM~DERICRESN, AA-PSP D%
FMAOBERAUEINFEELTEINTWVS. AARIE, HoIRM~NERATTEER, RITEFERLEZRTL
—BIRE2—T 2% (sprayable PSP) DRARZBEMET H (R 1). BFRIEPSPELTHRERMICHLGATINS
IWTZ LK, RILT4YY, ELUDS, ENEN/ANY TV ILT =) L (Ruthenium), BERIL T«
(PtTFPP), EL Y R LR B (Pyrene) Z8IRLT-. ATL—%! PSP OEBIIZAZHFELTIIAS L
(Si0,), RUTELTRTVZERAWL:. EBERAEVI—FEAVWTTZIIRICERAL, BRBFRPICTvEDY
FTHILTRRFEBRRASERALEZ (K 2). T4vEVI T HLTRRBEDBENEELERD—DOLE
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f= PSP DHEXARYMLEETRIL . SHEEB IR NEE, EHRE, ;mr;ﬂzm‘{-t'c%é. RNEELEN
LIREMN—TE (25[°C], 100[kPal) DFEXLARIMLALEFHEL, HIEE—IUDSE20[nm]DFEXRARIMLE
BALEEZHARELLTROZ (K 4). HFAARENKEE, S/N BN EALZOTE HELTENTL
5 H5ICBREABDENVCRIERREEZTT. NVIIVIILTZOLTES/OO 8, BERILI4Y)
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LETRY. BEICEDEENAHAONDID, BRICI O>TRE(RENERDIIENDI (B 7). LTV LA
EAERILIATREIL 08[%/kPa] AL THAZEN A o=, BEKRFHICEALTIZ(H 8, K 9), iFiE,
@?éa%l RECEETEHIEN DD ofz. EHEVHELTITBEREEDEMNNSNIENEZFELL. 5

EAGEEITOVTHEHMEL, B, BRICKIFZELHMICHANS.
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EEIKREZ L PSP OIE AIGE 4T

RBEHER", BT, R EEE?
RAEEMKE, FHZERRRELE

BRIGERPSPHEEERBEZOREE NETALLTHAEIATNS. BRGEE PSP LERNATE
AWT, SNFETHBATEGI S I-EEERREETIRADIEMNARELL>TETLS. LHLELS, ZOR
HEEBMATORANERTHS. ARKRICENT, BIERRRIZRRINDIEET DHRER (~100K)
o, IVOURBROLIHER T TOHER (~1000K) [CHEWTEIEEE@TANTHOATIKIEN+5F
BaInd. EEEEMTACAVSERGESR PSP (&, FHAEEBELLTEARENE, EHARE, A2, BE
kEHE, REHSHAZEFONS. ZOFTEAGEENRLEELEEDO—DOTHS. IGEMHEILEEICLY
FLTHIENBZON, KRARIEINIT DOV TEITHEAREITILOH DML AT LEBEEXTof=. AH
TTI, BEEREEAWNVATYITENZELEFAL, SESEE PSP OEEEZELSE-EBOMEEST
L= (& 1). SHIZEFEAS 1 38 30mm, {EEFHD KRS 1000mm ZFL, 7ILIHRAILE 2 MERIZLIIREE
AW BEESOIH (TR TL—R) ICEEIGE R PSP 2/ B TEAL3(CLT=. 20 PSP (X[5GE L K IEE
REREI—T 1> % (Anodized Aluminum-PSP,AA-PSP) 2 X &R LTHZFLEEBE ALV PSP X, BRI F&
RUT—DREICKDIRTL—E PSP TH5H. PSP DREFZTILFRFTHIEL, TIKTIE-10~80°CODEt
BINTEETHD. SRITBELIFIMEEZAVTERICEE PSP OREELICKIENEEEZTMET
3.

| driven section (low pressure) driver section (high pressure)
3~15 (kPa) 101 (kPa) (atmosphere)
AA-PSP xenon lamp (150w) o N
flow directions
] ¢Ess——
! PMT /
temperature
controller [ /ﬂ) )
valve
diaphragm
pressure - pressure tank
transducer ° controller  [192%'an

1 RERERBZRACCEETMEE (GREE) ORKXR (L) EFE(T)






A—REWADBERAAMT-E1EY PSP/TSP DIERERNBZICE THERERE

XEE, HEF SARGH, H EHER B, JIBER
HIMKEE

3!5?%%1@&&’]&%@ NHRFOEHRINAIEERE PSP &, RE DB ENEH GO REBRNETH R EHT
— R EEBASRNEOBITICEVTERICEREGLAREMEHOTLED, BRTEITS—CF 0)/1\2%\
ﬁﬁr;mmia! H115 PSP OREDEIAFEELL>TEY, %B?(D;@FHI;;E/\;CL\M\ HIZ, BT —

EREE TIEAEXIHIIC PSP DREREDEZENKELS1-0H, EAFHRIOREER LICILEEMENBES
5. AL TIX, EREYPSP/TSPY OFXKIZKY, BES \7550).# AB IV PSP DREMEFITOICLT,
PSP [CKBEEERNIGEHRIOEER LZHIET.

KHETIE, PSP B&XU TSP ORLADFLELTENET N PLTFPP &Y Ru-phen ZRLVDAY, EREY
PSP/TSP IZEWTHEDHEN (K 1) E 0 EET 571=8, PSP O D HE N DIREEFIZILKE 620nm DA /X
AT4ILE—%, TSP 5 DIRFEMEFIZIE 560-600nm D /N R/INR T4 )LE—EFALT-.

EHREY PSP/TSP DENELVEBERELZZNTNEAD PSP £&U TSP LLLEL-#HEREZH 2 (TR
F. ERREY PSP/TSP DE W REREILBK PSP OEAREICLLRTETFEVD, EAREDCETEIEH/N
SV -OERAMICEBELGNEEZONS. —FA, BEREIZDOVNTIE, B TSP LIFIFRETH 1=

EHEY PSP/TSP ZHLT, BEREEREERTIFRLEOENDMERIEAL-EREZE 3 XU
41279, B3 ITRTEY, HREEROPLISGAVERGAIFESVEESANELONT-. CORENH
FEHZELY PSP/TSP IC&AENEHRIZHEITHREMEICEALIZIGESERALGN - IGEZHELZES
5, B4ITRTEY, REREZTEEEICIEERPOIGEVTEREGRAIZEEDEIMEVNER LGS T
DERELT, BEFRAIRELNH DD, £=IL PSP DEEHEZFBE(CIToI-AREENEZIONS.

Sk
(1) Hyakutake,T., TaguchiH., Kato,J., Nishide,H. and Watanabe,M., Macromol. Chem. Phys., 210(2009),
1230-1234.
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1. PSP (PtTFPP) &1 TSP (Ru—phen) DIRIN-FHEARTNIL
R RIRARI ML, B RHARIRIL. F:PSP, #=:TSP.
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BRI FERAN IO DUV S NRE R E R EFEHA
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EXRMREHRR

BE, DAZORBFEDELVNFEECEN, Hokp SHEE ZERR7—ILTHRADAIRIEAMITHON TS, EEST
[ZDLVTIE PIV(particle image velocimetry) D\ EfR{EEN TEFEL TLVSAY, FHHIKED ZTRESMatAlIZBEL T
(&, FHEIFENFEAEFELAL.

—7A, IRIILXF—REMEOHRAND, ARAIUOUDOEHEL, SREEROE—NRU T, EHABLYE R
BMGEEERDARARNEFROBEREF ORMORARENEA TS, FIZILEHENDIE NO, 1ERAERIZ IR
THRBEAREL TR SN TV S FREEMECSHEXRFEAXTE, ZEXREMBHDOFESTEMBEERNICEAL,
EXLDEMEIZE-TEER - BELETAHETEARBHIBCEANSES. COAXTE, BEFAITELA, SAT
Bl /v I KV EEREFEA RESN THEY, £ DEERFHFDHEITLYRIZEREIZES>TULVEL. 2T, B8
BHCRET L/ vF T ZNGT 51280, MBERIORAARERERBILSE T, ARDBEXDFIIIVTEZEM
BIC 5 CETHRAENLFRERINSEHIENRETIN TS, DFY, COFEDRRTIE, BFEXNERDRE
RARBERZVODITECOE—ILT 20D RELSTEY, ThEER-ERT 5102, BESHEIEE
FTEHEENEETHD. £z, COXITRESE1EDHEZ EGR(Exhaust Gas Recirculation)ZFIFAL THY, BIAGR
kY EGR /DI MA—ILINERETHS. COLIGERETICERNBRENETITOIH, BEFIMERES
ORI EENS. LHL, BINARD ZRMERE REDERHRIIINFETRETH T

BEE D T RERHAEAMIC ISR B DL H 5. A IEL—F—FEEINEURIEAFEFIN 2L, v1o0-<
PART—I)LDRE -pH-MERED ZRTFHRICZRASN TS, [IAPD ZRTEEAMEHRICOLTIE, &
F, L—)—HEEFATIHEDRENRONDD, RERAFKEFEOEMTHY, UF DEEIEZLITKEERE S
RELE=FETH S, HAFHITFIRLI-KETERAELLGOELDONFEALETHY, EITKEERDRERIEIZFIA
INTLVS.

Fz, BAROBARIRE OB FMINREI KT T HIEN TN TS, EHEEILAD FHF
BIVTNOFEEIZHENTE 210 um BETHS. BEEOLARITIEMMENSS FEEULOERFH TR LR
E-FalREERFEERT. o2 AV -BHEORRTIIEFRE@mEELRERREL TS, HAKRDHKT D
HIEE N BB DA A=A T UL I7ATIHEDNASHE RN TRERICKHREREE L-FIN S
WAY, UIF E#RICZBEEERAT AWENH D10, BHERE AT LERNTM-.

BE, FEOIL, FTAMLDFTNERMRELT, BFEHE PV HFIIBHES S - REBMFEIERL, i
IR R TR LB D RERENE RO DA EFIRELTE . TTTAMRTIE, BEKRFHEEEF
I IERERTHEREHAARTIFEL, SRRECHFIRATEIRREMHEME R AFZE PIV O —HHIFELT
WATHILET, FED ZRTMEICHTE5EEN ADRE RESMERFEHAZEAIEEL T 5 FEDORAKEEIT.

SEERATSFETFLDFREFRTHILT, 1| BOEREHASENALIZD T IVEEHRIRIZEY, £5
D ZRaEEORES - RESEREIC, SEHE-ZESFETIHHATES. £- REMICEIBERNSH
1300° C FTHLORWDEBRAIERATESEL ST FHEZF>THEY, TUDURNARDRE - RERIFFEHAIC
Rod", ZRI—ECADREGEREFEZTIIRHE THo-BRRFIGTORE REMRILETAEEERTES
ATREMED D,

—AT, AAIFNGEBBRETNERRELIZAEELERLGY, TUOUEROERARRNEAET S5 LlE
DT LB S TIHGL. FRTEFY, BREAAREZARIETO OV NBIERL, SREAAZERANTEMRET





BERESMEAET S BIC, EREAREARILIVOURNICO—T40JL, PIV EEFGRIEICKDR
EEARZHEA SO EEES REBORBAZZANT, TUOUERARDZRITEE - EEFR
ZRIRIELI-DTHET 5.

WK DRERE RIS ZBEORGLHAS AT LERKICEESE DDA ZL, LF/NRPR
R—RETH>ERBRIRE, E<ON—FIz7EVOMEZIEA TV, Ff, BHREZTATERIRLFE
LoD H DA, TADBRESMEFHARRELGFEFFEAEL. KMETER 1 ORI, DELvAN—FD
17T, FEOEBREDEEERESMERFATHIEEBNELTIS.

PI"EVIOUS simultaneous T & V measur‘emen‘ts

™ s * LIF — mainly lig. Many hardware. < ~60°C
PIV camera e o ff o° .' :
. % i
: . : Thermoviewer / Temperature Sensitive Paint
{PIV laser * LIF laser —only surface
Double pulse i Liquid Crystal — narrow range (10°C), only liq.
: i Interferometers — volume info.
LIF 1&2 e |
camera I| i MTT/MTV — very good. Not easy for a gas-flow

Temperature Sensitive Particles

PIVcamera | o %
LY :
5 * TSParticle laser | pplicable to any wo g
D pIVv : -~
;PI G Single pulse i| (gas/water/oil/vapor..)

/| Wide range : At least 0~~100~-1000 °C
LIF camera 1&2 i

[iirOne Luminophor w. Lifetime method< 2 color LIF + PIV w. Fluorescence ]

1. FHAZREOER

AR TIER 2 [SHIRLE:, BAFaDRERFEZFAT S BARTFEERL, HHV TR F
EZFIRALT, PV ICkHRERH B EBEAFRRETAEZZHOEESFTAEERET .





Eu complex : Temperature effect on luminescent lifetime ( sprayed on TLC

plate, in Air , Aex=355nm) Wide temperature range (~100 °C)

1ms @ 20°C / 100us @ 100°C

High sensitivity(6~7%/°C)

Luminescent dye + PIV particle

-

Intensity ( 1/ ) [-]

TSParticle

600 800

Time [ 10'6xsec]

(Average diameter 4-15um)

X 2. BSeFanDREKFEEUTTA)
AEZOBEER 3 (TRLE. SRRAEY DREEREFHIATIE, SEEAAZ 1 AZRANT, RO B+
E&Z IR 5. BIRHOHF/\3— DBEZEIL CREZHMAL, F-HFEEQRREHMEL TCREZE
RHD.

* o Utilizing a high speed camera
o™ without L.I.
et e ¢ UltraViolet Single Pulsed YAG
Laser 25Hz/10mJ
® o
o * Several images per an
@ excitation at 15k(10k~40k) fps

I 4 . Excitation . . .
| o Excilation -+ Pattern A 1~ PatternBi High T =faster intensity

decrease

Particles move a little

Negligible At (PIV)

g

9 || Particles move
5 A (PIV) Pattern A @following demo
C

At (TSP) movement
At (TSP)
(,( > =—»Time
! Veloc‘:ity ‘ | |ﬂ‘ Neostiy
b il [ 7
i--.Jemperature __Temperature | _Temperature ________

X 3. BfeFanR ERERAZOBE

RBRTEESRBEEARELIFHR OO, BAKEFALE. T, ARBEFFAOHRMBELT T0D
VHEROBREREESMEHRZEITY. CITKY, BEXAOERFTEEERBOHL-HDTHS.





Heat air (200°C) or No heat air(48°C) Exhaust valve Intake valve

FAST CAM [ §/ntake/exhaust valve & \%

SA 1.1 —

-Thermo couple

N

Aluminum target
with phosphor
(Diameter :24mm)

Crank

Upper view Side view
The 1
Frame rate : 40,000fps K ripee 11) Target Block
Calib.Range : (80~~160°C/10°C) Phosphor Phosphor
| || Variables (revolutions count, intake
gas temperature, crank angle,
throttle
) Side wind \Ex i
Properties of engine ‘(f‘[“ﬂ‘,’l',)““ D“"“‘“ﬁ'et)“"“d‘j“'
Bore-size 86 mm
Stroke 36 mm Diffusion plate T+ Sharp cut filter
Compression ratio 8.1 \% =
Volume 0.0005_m’ /“

'i‘ﬂ 57' . :
RN 172 2 R Satoshi SOME-YA

4. IVOVABRNEBEEESMEADODOREREE
H5ICHERRDO—FIZERU . BREERY, FREFGLLITSEERBN TERFTALLEEER—HEL
THY, Ff=, BROFRMEAICHLEIGERELTVS. BI5 ADESRISOVTIE, BKH A% 200 EETHH
LE-BE0BRmEESMERLTVS. RROATRENELGS TS,

LI U N L I I U N NN N N DN N N N N N N N L I B N N B |
O Firing

- <& Motoring WOT ( heated intake gas )
® Motoring WOT

_WW

" O

—
[4)}
o

Intake valve
f side
| Heating the intake gas

Temperature [ °C]

100 —

-300 0 300

Crank angle [deg. ATDC]
Temperature response : Good ?! 100 °C 160 °C

5. B @ EE A TE I

BEEEELCUETE =0, RORTYTELT, TVCUERNDARBRERENATANEHA-. B 6
[TRBERUVAASHDEEEZRLTLNS. 6 IZRIHRIC, BIEEIIOOUEAOKEHBRVEENRETO 2
BAEOBmEIZOWLTERLT-.





Intake/exhaust valve Intake/exhaust valve

FAST CAM |
SA1.1
UV laser sheet
FAST CAM Fiston
Flat sapphire SA1.1 Quartz
window
Piston 'i
UV laser sheet irror %rror
(355nm)
Vertical cross section Horizontal cross section

6. TVUVRINARBERES MHARORREEME

ARBEREERTIE, BAAD—TETHS MFG ZrL—H—LLTHIALT-. MFG DL Fa A IRLALY
BESHTRERESERTZENALMND. Fi-, MFG DEAFEGEEEDOEZRER 7 IZHI5RLT-. 500 E%
HBZ25E MFG BAFGDBREKRFENSLIIELAHNDS. 5H, BEEESHTADEE LN, Bl
A, REFAICEVSEAEOHRGEEN DGV, BRI EELSN, MFG [FRABELRENIENDS
EEBMENOTVELEERTHS. F-, BEEETRITIE, ERATOIZOBKE INARETHIN, TRE
ENmitBCRARBEEZ—RICRDOIENEHETHS=0, FHINEELEZR 7 OT—42ZFRAT, 2FY
EEOERIZIIFITREERRETICEHL, HRBEAIEERETo-.

10— — T
Mracer Particles : MFG|coated with Si0, |
Nano-coating|: High Dispersion
orl Experimental Conditidn
Crank angle -60~0 deg.ATDC

N Throttle opening |  Pb=-490, -300, 0
= revolutions count Ne= 700, 1500 rpm
£ gl -

Pre-calibration

1 1 1 1 1 1 | 1 1 1 1 1 1
0.0015 0.002 0.0025
1T K]

7. MFG I FamDREKREN





) =-30deg. ATDC 0 =0deg. ATDC

Liroded Mean displacement of Particles : 0.5pixel/frame

Vertical C.S. (Ne=700rpm,Pb=-490) : 0 deg.ATDC
1st frame

( 0 =0deg.)

Piston

0.2pixel/frame

Horizontal C.S.(Ne=1500rpm,Pb=0): 0 deg.ATDC
2nd frame

(0 =+021deg)

3rd frame
(0 =+0.42deg.)

4th frame
(6 =+0.63deg.)

¢ 24mm

Intensity : *2

X 8. I L-EROH (EFEEME, AISKFENE)

Temperature response : qualitatively O.K. 0 deg.ATDC

— 0.5[m/s]

Ne=700rpm,Pb=-490 Ne=700rpm,Pb=-300 Ne=700r.pm,Pb=0
T T . HE .
560 600 560 600 560 600

Agree qualitatively well to the estimated T by the equ. of the state

9. BIELI-REEES DB

B 8 [FEF LR FEROFIEZRLTNS. RI8 DERIFIV U RN EENEZ, ARIXERD
KEWEZAELEROERTHS. Ff-, EEMEICETHIEEERESMOREFZR 9 ICLOHLE. BIE
TRBEEZRIET 2FBROGVA, DIEKELEMRMICITRIEBAREREMHCHEL, BEIZELTLS.
S, RERILEDORCHEERSN, FEAOERAMRERGELFMRISGERTILELEIHDILDOD, KRif
RTRELEFEICKY, BROIVOUERNTH> CHREREZRFAIRIGETHLAIREMA G, F:,
FITRARF=LIIT, CNETHREEDDREFENEILSN TGN o128, SRIFEIYSBDERIC
HLTAFEEZERIDTFETHD.






FrRINEBRZERVEEREE NSO REEHETA

IKEKE, ILSE—, ZARKE, BEXE, kHAE, ZHEN
RIEKRZF

AMETIE BVLVEMH-BHEISHET SESHEESLOENEHEBREFLILNTELIEEEREEH
(PSP)Hffi&L T, SRESEZAVVEEHFTZTEBGHEEZIRETS. COFETHE, BREAATTREFEL
=280 PSP Eg%, REALTEHAILE-SBEUHESEAVTHHBETYTHILT, KElSEINZE
SNR DENEBEREZFAIENTES(E 1, 2). SBEVYESITNUFRRITILEDESHAEHET
LT, BOEEFTIRZICHLTEERTHIENTES. AV AT LPEBGUENE ZTHHEWSF S
+H95. CCTIE SREAREREL-FIRLEICECIEMEAENSISERLZAIZBNTS. K3 I1L1
A% 12 5 LT PSP B D &S FEHMEBETIETRONEMBTEHE NS T THS. PSP OELEMH
RIZITBRFORBEEHNEBZGZANTNS. COERTE AZOREMN—FOBELIEEDHEEMNE
n, BRAERZLTVKEFNEFYELABETETLS. ChLILBEDEBIZLSAEEEEABBE
DEHEEEBETHLIEEZOND. EHAELF 1%EETHY, HERDFHAFETI/AXITBENRTLES
FOIGINSBENEFEREFEICKVIRZADIENTETLNS. MATARFETIE, 1 AHZHREIELIZE
NAFEGISENZEHDOFIIRIES SFOCMELHZEHTEHIENTES. B 4 FEBROEIEILIEIC
ENEEEERKIAELETEHETHONIRIE-MESRHTHD. 220D BDBEBEERELT, 2BKASF
THEEUKIZEATOLS. IRIE-HEIAOARIEEICKY, EAEFORXENAREEZDOVLENAE
[CBENDHIECAROMEIE THRAED 180 EREEL TSI EN LM S.

FFICH AL, BRBCEERBREEZAVV-IEEE PSP OBMEEZTo TS EADRBREEL
FENOHEEBERZZFALTHY, BEREMEVTHERNICRVWEZENLEEGHEEYVETIENTED
(E5). PSP D7 AV ELUHIENFEE, SERENTRBOHAELLETEHIILTROTLND. 6 [EL
SC D AR ER TH AL V= Polymer—ceramic PSP (PC-PSP) DEIMIERIERER THS. EHLTEH 1 kHz FHBX
EHEUYNST A DBECLMEEBNAIRN, $38kHz THAUIE 3B EETS. ChoDERTTHDS,
1kHz ZBZ 5 LOGEEEBDERRIZ PC-PSP #E AT ARICITFHMBEEDCHERTERTES, 1o
HEMEEREL-BMREZAVDILENHILEERTS. SEIL COEEZMALTAA-PSP ZIELYH

ELERRBBICEER PSP DRMEZRRTUFETHS.

' T,
)

‘ (
\./ !
/'\ ll
Bandpass filtered EW
. 1 ) 1 1
Data logger Signa ' ' :

| )

Junn

Pressure  Pressure waveform

transducer Pressure

transducer

l°

PhaseofPSPimages : (91_ =360 Xt_c [deg]

UV-LED

High-speed camera
1. EGRFER IR 258 v T v T O—fi.
RAEE S (2 2 TIRENLERE) L PSP ORR
Sl 2 [RIHEHS 5 .

j
2. BRDOEHFSHEOMER. RRGE T
BILE-EEESEZRALT, BRI PSP EZEA LR
—fIRFICEFENSERBFEHMELFNTS.





EXKREERS (~150Hz)

» . »
| . ..' .., 101 € a
1/12 3/12 5/12

1 Amplltude(pressureratlo)al Phase shift /§
2fEREBB S (£~300Hz)
m® g8 ge
- Yy . 0.99
0
P/P,s
7 /12 9/12 1/12 -180
xlo3 deg
Amplitude (pressureratio) a, Phaseshift [}

EHFEEGHBEARICIYVBON-AERE 4 EHAZEHOTHIRESICCESM. UTD
HICECHBEHMENZES. EALBORARAT FEUKICKY2ERKSFTTEEZELTELLE.

9 150Hz TH-oT-. P/Pref = al - sin(==— =1) + a2 - sin(2-+— =2) + b
PMT . exc1tat10n Pressure Cross section of cap
! [ ; [: transducer PSP plate
emission \
I_:peﬂker
Laser diode
' Signal out Data acquisition
Power amplifier
DAQ

5. BIRBUCEMAREEDOHEE. AENTOEERIREFNAIT I LETRVENEEZEVETS
ENTES. PSP DRIRBFEEFBGERENTIRBZL PMT OENOLRICLYIARS. KRR TIKIA
WENEEHEEN/NA—T 5=, EEIKILIEE (017 2kHz), BREIKILEE (1710 kHz) D 2 DZEHEL,
B EZF{ToT-.

1 C T T T T T I 5 C T T T T T ]
L ® low freq. - L ® lowfreq. -
0F == ® high freq. | = 0 - ® highfreq.
. KX II ] 3 e P—I o ]
M 1L ] — L — 7
= aat S 13%( ]
E 2 i ] "g 10 - — o8 ]
- L e B g - L ﬁ n
° L dBEE S B Rt
-3 j-----------------:g-f ~ -15 Tj
N + - 1

_4 C Ll il _20 C Ll !

10° 10° 102 10°
Frequency [Hz] Frequency [Hz]

E 6. Polymer/Ceramic PSP 0)’f’f‘/ﬁ'f$(£ﬂ)3’5$'(ﬁﬁﬂ‘ﬁﬁ1‘i (BR). BRKREIZLZHE PSP DILEIC






TORIW—RLINASERN-REZHEHRIZB S AR

IRE, lWOs B8EL
hEiPNEL Y

BREZHOENBEFRZ S0, BERELTIANM (F—FERERLETHEORTIREFRA CCD HA
SEFALEZRTB/EBENGLAVLNA TS, CCD A4S, FL—KhEL B 1F3IvILos, B/4
RGEDHEHLH LD, BETHSY. HFE, KXZORTFITHENT, EEMLEREDHLSRIEIZ, RO
TORINW—RLINASHERTEINESHDRENHALNTNS?. 22T, ARARTETERO T2
—RLIAASEREZHEHRISERL, ThOREORIEZTL, RBRIRMNOERNATEINESHRE
FTIERURBRE -BRBEZERODT—AIR—IAADEHEELEMEL, KD ICCD AATEDLLEEITS. EERITER
EZFZRAL (E 1), 100 kPa(7F—UFE) ~ —60 kPa (7 —CF) DEITEAEE LS EREZHDOEEEDE
EEEBEITL (R2) , FOFAFIVILUCOEVIDNTRIEITS. 4d, ®ELEFE LED HRIER
3, 4 ITRTKIICHMMICRELTNS. COXRERAVNVREZHEFORASIERRICEVTREZRIE
30 P THI32 %, BEBREHIELH 28 sDHLILEFERL (B 5), F-AME TIEHMERD ICCD WAZELLELT
MDD T ORI —RLUITHASTIT>BREZHOBEMHRIL, $929 % THoz (K 6). BREFRHDOBIER
ERTIEE ALY 100 kPa (4 —2[F) ~ -60 kPa(7F—IFE)IZHULVTICCD AATTH 29 %, HIRDTIARIL
—RLI7HAASTH 8 4DEEMEDELEHRLI:. £z, TORIL—RLIMASHEFERTHIEITEKY, R
HEOEENEARLICEROEIRMEDATREHEZ R LT

S E XAk

(1) #HEEARBRLFERES  REZREAVE DA, AIREERES, (2002), pp.  22-28, p.
84,

(2) NEFREE, FEET RERHE BE5XE FEES, - TOXL—RLIDASTRANV-REDHLS
FEFEDRE, BIXXXERE 124, (2009), pp. 93-102.

Q) FEEEAN, KNEAX, BHEE, KILE, £BEF AFBRF ME— LT 7 LBARRREEHEZAND
EFEHEERERO AR, FEMITOAESURID L, (2004), pp. 124-127.





0
10

%LF

o~

E ICCD, Nikon D100

P | B Optical filter
P11
Sid)
30 LED source
10
[ 1 2 | | | |
1. Calibration apparatus and test piece. 2. PSP measurement system.

1 &
] o ‘ ‘ o Intensity of LED
: o : on each wave length
| ; ; : 7 S S S -
I -
2 Lt S RS S -
R E R B S AR B B
® : : 4
§ ; § L o T Re B R M - R MY R M
o
018 o]
© : : : : :
Poo ; ; ; ; ;
I e e e e e
& ? 0.6 oo i
i i i i (e} i . . : : : :
06 O | | i i ¢ o0 4 b i i ; i o LED
400 420 440 460 480 500 520 540 560 0 10 20 30 40 50 60
Wave length (nm) B (5)
3. Experimental result of spectral characteristic 4. Experimental result of time jitter of light of

light source. source.





[e]

Degradation of Ru(phen) 32‘

1/Iref
I/1ref

O Degradation of Ru(dpp) 3CI2

0.6 i i 07 i i i i i

0 5 10 15 20 25 30 0 5 10
time (min)

time (min)

(a) (b)
5. Light degradation ((a) PSP (b) TSP ).

Iref/I|

: : : : : —oc— |CCD
: : : : : -=— Nikon D100
0.8 | | | | |
0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

P/Pref

6. The Stern—Volmer plots at 24°C.






REZMIZEDF A A—D VAT LD LR

MABREY, INE—F7?, RHEN
RALKRF KRR, BF R REE"

REZH-REZHORNBENEN-BEZEHTIAEELTERENHS. FwiElE BROFE
ABEBREICEVT2MORELAEEGNISENEZEHTLIOT, ERHEZREZLELETREDER LR
BZLHBRENELLGNEVSF RN HD. FastBIZEITIICERENRZ/ ILRKIZEBSL, ZD2137(C
IECTHAASDBHAAIV T EHIHT IRBELHY, MELREAATEAZHIEH T IRELLLHESHRLESR,
HAZAVRA—7F, MELRELTCLEDZFERT B EE/N\T—TUTLHENRELRY, RV RATLNE
#1235 FaDRWENTIEns~ u sERTESOFIHEITILENH D=0, EROKBLENT LI5S
FRBBDEFTELEZERELCHEESEH N TILENAH DO, SRS AT LIES T IVEFEERID
FRINAETS.

ZITCAMRETIEFGEHBIAN) A —R—FZHEL, WASORE-BAI(ZUTICMAT, EXLETH
BHLEDRUL—H—DRE /I T E—1ETHIEL, FHAS R T LEZBRILTHIELITHIILE-. A THEE
L1=k)H—R—F%PCO1600&Sensicam(PCORD)IZ#ft L, BEFF D Fanatiflls X7 LD C4742-98-24ERTN
GEMARr = R)ELLEBE T HEERETLY, FHRAIC AT LOMREZFREL -

A —R—F

BEXRD | /ULRIE- FHA R E AL
HEES FNIA3IT | LEDHATRHIADH A FIRE

LED/Laser =
_ LD BIE-/SLRIEOTTLH A 82

BREIY
II E:
BIES =N

HEEH BEEHKCSCTREZEL

1. N)A—FR—FOHE:

National Instruments 0 FPGA R—FZEBELTHELT:. BIELBDRENXIIZIVITBIVHASOELZ2A
SV HE—ETHETAIENTRETHS. MELRED/ILRIE-BH, hASOEX243I2T, BEREIL
PC LDTAJSLTEEREELLESTINS.

BREDHAZTY RT L M)A—R—FZRW-FREFMETR ZT L

HE
=) |
e ; \ , . .
EMRN =R FRDAS Sensicam sensimod

PCO1600

C4742-98-24ERTR
2. MEREEHE B vk T VT
EMRC O RDFEGAAZERAWEBRGFEOFGETRSATLE, #ELIZN)H—R—F% PCO #t& D
PCO1600 & Sensicam AASITHERELI-FTRF MBI AT LZ AT, PtOEP D FanaHAlIBRZE1To1-.





LED on [us] 100 100 100

LED off [us] 400 400 400
Duty [%] 40 40 40
Frequency [kHz] 4 4 4
Gatel delay [us] 1.5 1.5 2
Gatel width [us] 50 50 50
Gate2 delay [us] 51.5 51.5 52
Gate2 width [us] 50 50 50

Number of modulation 6000 6000 6000
Number of pictures 4 4 4

1. FeanatBEERSEM:
ENENDEBIVRATLT, WASEFOREEENRLST-0, BMEBICERCELFIIIVTIZEET S
EETEGD A, RIERFELDIIICERIAIVTERELL-.

Gate 2D E vk

Y

IR l

EnEgons | |

Gate | DE Yk

RERTFIR

1) EREHE

2) T—MMOEHETIHIRS
3) F—h2d & iR
4) BEREBOER

tz_tl
n(1,/1,)

t: 7 —NIZH TS B FIR R
L 7—MIZB TR AEEDHEEE

3. fRHTFIE

T =
ENBELLDOE S

o]

t[us] T[ps]
> - = faw
= X : ‘.'_ - 39 oy 37
5 . - : -.'_ 5 38 ::“_,'
HE3 r, Fi & 1.,;“.-
. -.' * ’ o I3 J':H.: Cx 36
sor:._.-.:" - -t 37 .‘- "5
. E:i- —‘-.-. L -—:_ 3 . 0l
A" - 36 g £
WWE}:‘: = & | 0 10 20 30 [‘;* D.!:r; :-9.‘0]-.100 35
F 1B [ps] 374 34.5 36.1
. 0.583
BERZEs] 0999 1.16
=R[C] 24 24.7~257 24.5

(a) IEMMRF=ORFaDAS (b) PCO1600 (¢) Sensicam sensimod

4. PtOEP FanstAlfER

PCO1600 TOETHAIER X Z VD FmMEEHRSN=HD D, PCO1600 & Sensicam EHIEMMFRHASEH
WE=BEDOFEGERHATLEZEREDENFEONTINS. 3EDEWNE, FGDEMALMmNL 53 1ELE
DHASTEEICERICE A ZEHBILTULVEWNV=6H)E, EEDEL, hASDOMHREDEZEVICERTHEEZLN

3.






2 BEIN PSP LHhT—hHASERWV-EET PSP iHAED#HE

EAfE 2HR", RLEE?
BEXBEXRE, THMZEMERMREKE"

JETEE PSP FHAEDRAFEZToTLS. BURGERICE UL THESK PSP SHEEZRALV-I5E, REBRADIE S
M ()I7LUR)EBRTHABERBROFRALEREENEKE T FIV) BRTHLIERBEDOFKLERDOFHL
ERLEZRAVWTEASATAZTo>TLS. LAL, BRKICEVWCRBRADRERE - TN ELSHES,
TEE PSP EHALETIX PSP EHAIN AR AIEETH S (B 1). REHAETHSIETEE PSP sHAliZFALNIE, AR
BRERFIC)I7ZLUORABERES T FIVERERFIRGT S TOOHBRAMERS-EREHL-FEERE
PSP EHiRlIZAIBEELTLVA. SETEE PSP FHRLEIL 2 BRI PSP LEEAT—HAAZTERVNTHERIN TS
(R 2). 2BFEH PSP EFUTFLUARIEL T FILERZEBL TS, B EHNT—NAS(E RGB O 3 Eff%E
FHAIL, €D BERIE 2 BFN PSP DUIFLUARAERGL, RERIE 2 BFEK PSP DT FILFENE
WEY5. £0=HBEKZIFVI7ZLVRAEREL, RERIFLT FIVERELGS. EDT=H)I7LU RERE
DU FIVERERBIREAREELTLVS. AETEE PSP EHABEEWLTIE 2 @K PSP DYIFLURELY
FTILDEREAPBNENREFR LEIES. KK 2 BFI} PSP()T7L2 XK :poly[1- (trimetylsilyl)
phenyl-2-phenylacetylene &% F JL 3% : Tris (4, 7-diphenyl —,10—-phenanthroline) ruthenium (IN[ZH T 5K E
SBEME 75nm [TXL, RIEFEE PSP EHANATIX 2 BRI PSP DUT7LURABRICTIF Cd/ZnS EV T FILE
FIZI1& Pt(Il) meso —tetra(Pentafluorophenyl) porphine Z ALY, JRE D EEEZE 125nm ~&RESE1=( 3).
HRIEEE PSP FHABKICEITAEHARKE(L 0.13%/kPa THADIZHL, RIEEFE PSP FHALXIZHSLTIE
0.81%/kPa MIEZRLT=. EHRBREDM EICHIILT= (K 4).

Unsteady Measurement (Challenging)

j 14 Wind-on

FrotILT B
SENTERL

'(t arb)) -Is

C/oc,ij

BREICKSHBRAKNESE -
steﬁif = g(Ci/lum,ij(tref)plocij(tref)) 'I‘Sref

1. Conventional PSP measurement method in unsteady motion.





Spectrum System
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2. Unsteady PSP measurement system
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2- color PSP Spectrum

10kPa
40kPa
100kPa
120kPa

Luminescent intensity (count

0450 500 550 600 650 700 750 800
Wavelength (nm)
DI7LUARFEIRES T FILRKICEHE—VEEERE: 75nm
JyI7LURBFHR: poly[1-(trimetylsilyl)phenyl-2-phenylacetylene]
T FIVEZE: Tris(4,7'-diphenyl-1,10-phenanthroline) ruthenium(ll)

—— 50kPa

—— 60kPa
70kPa
80kPa
90kPa
100kPa
110kPa
120kPa

—
=
c
S
o
O
&
>
=
@
c
()
Y
c
=
c
()]
&}
D
()]
c
=
=
3

430 500 550 600 650 700 750 800
Wavelength (nm)
YIPLURENEDT FILENIZKDHE—IREERE: 125nm
)I77LREBZHR: CdSe/ZnS
29I Ptl)meso —tetra

3. (a)Conventional 2—color PSP (b)2-color PSP in present study





Pressure Calibration
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4. Pressure calibration (a)Conventional unsteady PSP method (b)unsteady PSP method in present study






2 BFEI PSP ENF—HATERVEREX v )T EDOHE

BEHMAR", B5R", REEE?
BEXRBEKRE, FTHMZEHEMERE"

MEFESEFICB U TREREZESF (Pressure—Sensitive Paint: PSP)Z AUV =28 E AHR A THh TLY
5. BRRERIZE 1T 553k PSP AHAICIEERBRBFOABAMEBBERELIEE, FLRRKEEL
LEHLI-5E PSP SHRINEREICRHH#L LS. HBRAMERE-EREHLI- PSP SHRAIZAIRELTHETEE
AENHEEDHAEEITOTLNSD. Tl 2 BEL PSP EEEHS—HASICRYBRINTIND. 2 BFNL
PSP IFEAMIL(VI7LUR)REIEFE AKEFE T FIL)EXELTNS. BENT—HASIE RGB D 3 EHi
LR GERIZ 2B PSP DYI7LURFENERA, RERIE 2 BN PSP DT FILERZS.
Z01=, EEFEEHEHAZERRARBRICAVAE, BRERBORBRAGCERE -EHEETST7
LUREBRED T FTIVEGZRFIREGLENS 2 B THEELDHIETPSP 5HllERIEEET S (K 1). AEAR
TIRIEEFE@ENGAEICEER vV TRIBERY AN REFX Yo UT#IELT 2 B R PSP
DYIFLVREVTFILDBEREEEZEF LTS (K 2). FRFICBIEEREEOFLNII7ZLUREVS
FILDOENBELEZELIETEERERZXI O EILTE (K 3). AMETIXEEF v T HEER
YANT-FEEEEENFRIEZARLTMMEITo7-. BEREABRBERKY, 16K PSP EHALEICHT5L Y
FIVBRERFMEIE-1.34%/COELZTRL, YI7LU RREKRFIEIZ-1.09%/ COELZRLT-. REtRliEZ A
LW =30 (F-0.33%/COIEZRLI-(H4). EKBEKRFEHLFLVS T FILEEKRFEEZHN1%RET HL
IZRThLT=.

Reference / Signal
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T l t,

/
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o
VRij=IR P
SRER =5 (A+B —
VSii I ( Pref)

1. unsteady PSP measurement method
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2. 2—color PSP (the temperature dependency is same between reference and signal)
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3. ideal temperature dependency in unsteady PSP measurement method
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4. temperature dependency in unsteady PSP measurement method






BARELNST—HASERVEDRERIZEITS pH A A=V T ZDHR

EEF, REEF, REEE?
EREEHKRE, FTEMENRFHAREEE

HIAEN pH ITIRTFET HE AR ZFELLTHPTS (8-hydroypyrene—1,3,6-trisulfonate) E W5 —HASZE LN THE
MERBERICETDpH A A= 5 %1To1= (K 1). HPTS [X 460 nm & 405 nm D EL S ERICEB VD THES
nat=6, COZEREINENICETERNXEDLLLE LD ratiometric FZEAWNDIET, BRORELEICEK
BDRNAENDHEHEHLTIENTETEHELOEFEHEI DO 2). B3 ICTOAHETHEON-FKNEL pH DFA
%% Y. Sigmoid M TI4 Y T4 T T BHIENTE, COREABRBERNOHKINLEERZE oH D fICEFR DT
f=. ARELEAREHAEEIDT—DASZEZRNSCEICKY, REMBICEITS pH " HETDMBED R HZERS
[CEHEBTHENTRETHS (K 4). S’ COFEIZIVEYMERTHST UM T=E pH D HDRERZR
HIZONWTREBEILZEICEICEYERT S.

Microscopic fluorescence imaging allows to detect specific substance in cellar level.
Advantages are... RS R |
1) Able to see the distribution pattern F s
Emission Filter ;

2) Able to detect in vivo substance

Excitation Filter\A

Xenon N . . .
eno ichroic Mirror
Lamp

5 P
Aip¥
Objective@

Filter Units

Kalanchoe eriophylla Specimen ‘

1. Microscopic Fluorescence Imaging

A Dual excitation + single emission ADVANTAGE
@ Excitation Ratio Imaging Jcancelllng of...
1) uneven distribution of pH indicator

‘:g:' — 2) dye-dye interactions in cells

- M
" (1 405 _] 405dark)

Absorption

/

350 400 450 500
Wavelength (nm)

2. Ratiometric Method





Calibration conducted in the series of citric — acid Na,HPO, buffer solution

o 2(5] ] . The result of calibration test was fit to
8,5 . Titration sigmoidal shape,
8 20 | . Four-parameter logistic curve. 1
g 15 | a b
g 10 pH = C| —— 1
E 8(5) Iratio - d
* Calibration coefficients
2 4 6 pn 8 o 12 a=3.0, b=-12, c=7.2, d=0.02

[X 3. pH calibration results

Color Picture : pH Distribution e Merged Image
: A TR ) (R 4 ' 9 | :

A colorPicture

* Easily merged

| pH Distribution

[X] 4. pH distribution related to a cell pattern
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AR, SHEE, KERS
A K

HE, TZOKRRGESHCTEERIAIVOERZCALISIET HHAANGEIN TS, FIZE, MEMS D

*ﬁﬁ%f@z’%fﬂ EELLTHEBRIMVAERINE AGEHELTEFONA TS, BEERI/VOERIE
ERELRTEMNYIZKK, RELZLOT, NEVEEZBAHNICERB TN TELI/ELAHS. £

1=, ?&J'Ei%j](Thermophotovoltalc;TPV)E*llﬁﬁLT:?*{OD%%E‘,’/Z?AI:BL"C, PRBEER DI BHE S
TAYOBERER(RAVOBFTRIO I EFATHIPTEMNHALN TS, E5IT, IM VDB ERE
RERAT—ILOREVEFTERFVYETA RN CEBERERICERASETRNOIRBPLCEELEBTHHEY
OHIREINTLNS. ZDHIZ, /J\éb\ﬁi('\”f7|:|ﬁi)0)?ﬁ)§ FE KEEMREEE(TFXT CVD &
BREEE), L—Y—<L 2 G EICRMIVDBEREREZFATLIIEAHAON TS, LD K54
RNGETIE, [AEDEE um DOEHETRERIC JZ"JE:‘JE#'OL:‘E&TMEL BEERICIYFEHYEHRTE
REOHETHEY H. COIILERNBZOEEZFTRT HHE, MTV (Molecular Tagging Velocimetry) (X
DAEMTHS. MTV TIEHBANZHRITEALIZDFZEHTADT, FfL—H DERIEDREEIEELCKTL.
ARRTIXERE 500um DA VI ANOEET LR RERYAVOBERDOIRET Lo R FDORNLZFIA
L7z MTV [CKUEHRIL, COEHAED R EMERET TS TORE, ERERIIBEFZMER—HL(H 4),
RORATLDRYHENFERSNT-.

Z& 30

(1) Davy et al, “Surface flow measurements of micro—supersonic impinging jets”, AIAA Pap., 2002-3196
(2002).

(2) Fan et al., “Development of a large—entrainment—ratio axisymmetric supersonic ejector for micro butane
combustor”, J. Micromech. Microeng., 16 (2006) S211-S219.

(3)

(4) Zhuang et al., “Supersonic cavity flows and their control “, AIAA J, 44 (2006) 2118-2128.





« excited molecule
+ luminescencing molecule

exposure

luminescence intensity

b

0

time after a laser pulse

laser incident

laser beam U= AX/T

1. MTV(Molecular Tagging Velocimetry) D &R (FE). 7o IEL—F—BEHRILEILLEITS
DT, DLSL——ZBELTHOHIENER BT, ORERAFREL, 7TEFHFD
HEZEMITNIETENDEEEZRHEZIENTES.

,
05 y J
8 6.4 3

170 X

unit: mm

Stagnation chamber and orifice

Experimetal setup: (1)Nd:YAG laser, (2)lens, (3)mirror,
(4)ICCD camera, (5)pulse delay generator,
(6)personal computer, (7)flowmeters, (8)valve,
(9)acetone seeder, (10)valve, (11)valve, (12)baloon,
(13)valve, (14)stagnation tube and orifice,
(15)expansion chamber, (16)traversing device,

2. EBREE (ER) ERER (AR). HRETHIRNIIEZE 50U m DX VI ANLEETEILRE
[IEE . EREEHEES 100kPa, BEEE S 5kPa. EBIRAKIEEZTT BN DY —FT 45 LE
[T™1%. AV I RAHODEEIZE DL A/ ILXEZ 7600.





A
Gaussian fitting(A-A")
B-B

————— Gaussian fitting(B-B')

luminescence intensity{arbitary scale)

I =

Static condition (1=0) Flow field (1=200ns) 0 20 a0 e0 80 1000
X (pm)
v m swn o slimdsibu idimme A b isvnimas s
2L TIWISGT WISLUNTULIVNIS UT IUNimnicaouwc! ive
intensi

3. LIS DENAER (ERE) ERNGORLER (EBEA). RNAROENLBESMIETHIY
URTMTIAVTAV T TEHEBDTHON=HAVITUoRADE—IMNEDENSERELZRHT
5.
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3 E £
= tooo ~ om0 [ = oo
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4, ERERIMEERE. TuNTARILEROE500 U m. 1000 4 m)TIEAZE X B —HT D
M, RYNTARITHROEIT0 u m)TIEBEFIZTNAHNELS. CHIEEBDORNTIEERICEBLE:
f=OEHERIEIN, BEFHETIIERETILEHAAATELT COEBEBEBHHR TELL.






PSP ZIGALI-E AEHAIRTBELR <A/ U DRER DB F

RugzX", iBE", SHARE", IWOEHEY, FIXEF", I LRL"
BEBRE, BMIEXRE?

MEMS [ZRFRSNDIAVART—ILDBEEZE T AT N\ARADEHERILD=OICIE, [ESFE<DE
BEEBLIEDFLANILDFREFENDLELED. TOLSLFBFED—DOIC, BENFLERHFOMH
E{ER(BFREN) ITED- PSP AiH5. LHL, #EKRD PSP [FRZFLEELXREMSFOMEN D, 41
0% EEADOERITREEELINTINS. FITHELRIE 1-TAS {5 Lab-on-a—chip EWV21=2ETRHILIGNDS
PDMS 27 B LT-z. PDMSI[EPSP DA A —ELTHRAVLNTLSE D FTHY, SERRMITI > THM
MITIEE#HLEMNEIREER T HIENTED. AARTIE, BEDFERSLI-PDMS THREE/EET S
C&ET, RBZDLOMNENREZRED, HILLEHAIAEZRRELE:. - FRLEZRBEAVTT//0O/
RIVEEDEASHEHEZETL, R47ART—ILOFNIG~DBERTTEEEERLE-.

@HARNTE
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@PDMSE

RREIIZEIEZD /X)L

1. ENFHAIRI RGBS DB IS

BE
PtTFPP [Platinum Tetrakis

(pentafluorophenylporphyrin] PDMS(Polydimethylsiloxane)

CH,

HRNYF
BILEZ)TURBIEEZILHE AR
[Poly(vinylidene chloride-co-vinyl chloride)]

2. EEERKT OMH
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3. R~

[E?E@Eé 9.5|Jm}

RBOBEZR1I1277. REREZEZEALFEZERIIBELEEFZEELT, REVO—MI&->TEE{L
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1-.
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BREZNEZAVNVELA/ LA SEETRERICES TSREE DS METE

FHE REFIEZ, FERERE, BEHXHE, KHKE, ZFHEN
RILKE

KEBRSRITITRREN AL SLGELA /LAY -SETREFICE TAIREDENFHEZTE T 57=-0IC
X BEEEASDTOHANDLETHD. EHDMOBICE, 2 RaENWDHEEHARGETHLIREZEN
(Pressure-Sensitive Paint, PSP)Z LV ZEHBIN AN THS. KRR TIEL A /L XEETY/N\NBEMILITE
EARETHAINERTER (K NEFAVWTELAI/ILAENRS LIV EMBENRZHAEL:. TOKE, EE
BETEWEAREZLEED PATFPP/poly(TMSP) (B 2) % PSP EL THW=". TIRFEDEH S MEETAIL
=R, BRAGTERIBEEASERINTEY, TORSFLA/ILIRIEKFELTELRTHIEN LS
=(B 3). EBIZ, LA/ILREANSNG S, BREBL-EAMBIIBROEFEFRMBETLHDIIHL, LA
JILAEAREVGEFERICERL-RICEMBETAILEHERATE . £, TuNBUTTRIBELI-EA
HEDEBBRZESEIMENHLHILEHREL (K 4).

SEXH

(1) H. Mori, et al, “Pressure sensitive paint suitable to high Knudsen number regime”, Measurement Science

and Technology, Vol. 17, pp. 1242-1246, 2006.

Butterfly valve Flexible pipe

(PID control) S
—
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d e
1.800/m T o—— —
= Buffer tank
Indraft wind tunnel
—
High Pressure Gas
5,000 mm
N~

1. kEk’iJﬁlilﬂ@%EﬁZﬁ)’fﬁﬁi(E). BRAGEEZFYoN—RIZKRETHIEICKY, RRARA
DREMNRIETHSD. RRADERHETOI/52—AXTITS.

1 1 1
350 400 450 Son S50 600 B 700 75 00

2. PATFPP M#ARK (ER) &R - B RARIMIL (AR) . EHRMER KL 407, 519, 552 nm, FEHFE R
670 nm THB.





Re=4.9 X 10° Re=6.1 x 10° Re=11 X% 103 Re=20 X 103 Re=41 % 103
3. Re=4.9 X 10°~41 x 10°, M=0.2 IZHE+BFHR (t/c=5%) DIEHZE D, T RTHDS—RATRIBEIZBHR
HEaDHKEICLDIETIETEERTES. I, COFEEARESIILA/ILAEIIKRFELTERTHIEN
hmnbd.

i i | i
0 0. 1 "0 0.5 1 0 0. 1 0 0.5 1
x/z x/c x/z x/c

M=0.21 M=0.33 M=0.49 M=0.65
4. M0.21~0.65, Re=11 X 10°IZH TS F 4k (¢/c=5%) DIE HZREH . M=0.21 DIFE, FIBatEHOE N
F—EEEES-ZICEELTVS. COEN—EREIIRIBELI-EAMBNBRTHLBEEHTHY, EHE
BOEEBFERICEBLI-EAMBIBMNBEICESEETHIELEALONDS. —AELNTYNBDEE,
BasEEOEATICICRELTEY, RBL-EAMBABROETEFMBELTLSAHEENHS.






o Dynamic Calibration of Polymer/Ceramic

L, . . .
ZKTHE Pressure Sensitive Paint Using a Shock Tube

VETENSKAP

39 OCH KONST 9%

B Markus Pastuhoff Nils Tillmark Henrik Alfredsson

KTH CICERO
4 Introduction 4 Shock Tube Test Section 4 Low Pass Filtering

Pressure sensitive paint (PSP) 1s an optical technique The sampled data were filtered using a 128 point

for measuring surface pressure in aerodynamic PAINTED AREA 40x40 mm running average in both directions of the signal

applications. PSP takes advantage of dye molecules i resulting in a cut-off frequency of 6.2 kHz. Forward-

that become luminescent when exposed to light of an BLUE FILTER | backward filtering has the advantage of eliminating the

appropriate wavelength. The emission is quenched by FLOW_~ GLASS WINDOWS phase shift of the filter.

the presence of oxygen and hence the emission a1 V7 7SN

. . . . . [N N X N : : 100~ e P e e [ e _

intensity can be used as an indicator of the partial &EW%& @H%& 7 i

pressure of oxygen and thus the gas pressure 1tself. / PMT “LED 80L . AAAAAAAAAAAA AAAAAAAAAAAAA ____________ _____________________ ..........

SHOCK RED FILTER NN | | ;

In conventional PSP, luminophores are embedded in an SENSORS ) : : | 3

oxygen permeable polymer binder, which 1s painted csosoo| | 0

onto the surface of interest. The response time of such @ 000 AMPLIFIER || 7

PSP is usually too slow to be used in dynamic events + LP FILTER ¥ | | | | | |
o0t . OSCILLOSCOPE 2 . | | | | | |

due to the rather slow diffusion of oxygen in the ol LYY [ 3l (. —_— R S — |

binder. | | | | | | | |

_2?00 —56 6 50 . 160 150 260 2%0 360

In the present experiment a polymer/ceramic type of : . . ime Lus]

PSP (PC-PSP) was used which has the potential of System Identification Estimated pressure (--) and pressure before (—) and

being a fast responding PSP. In PC-PSP ceramic after (—) low pass filtering.

It was assumed that the dynamics of PSP can be described

particles are embedded 1n a polymer binder 1n order to , SV
by a first order dynamic system. The transfer function, in

create a rough surface, which effectively increases the

surface area covered with dye molecules. Z-space, e
Py(z) 1-qa Results
P(z) z—a
, , The corrected pressure capture the ramp change quite
links the measured steady state pressure, pg, with the real well, but exhibit some instability. The corrected
pressure, p. The transfer function can be rewritten as the pressure is calculated using differences of the measured
difference equation: pressure, making the method sensitive to noise.
pstk)=p(k=1 ):{pSU‘_ D)=plk—1 )]-a The peak in corrected pressure seen at 50 us may be
due to the temperature sensitivity of the paint,

If the system input and output (p and pg) are both known, assuming that the temperature penetration into the paint
the a-parameter can be estimated using the least squares is faster than the oxygene penetration.

method by solving the system

There 1s a shift in time between theoretical and

. 2)-p() | | p)=p(1) ] corrected pressure, which is the result of filtering. The
filter stretches the ramp into negative time.
ps(3)—p(2) — ps(2)—p(2) a
: : 80_ ....................................................................................................
ps(m)=p(n=1) | ps(n=1)=p(n=1)

(o))}
o
T

(O
o

for a. Here n denotes the length of the data set, in this case
n = 2500. The real pressure signal p was formed from the
low pressure at ¢ < 0 ramping up to the level of pressure at

Pressure [kPa]
NS
o

t = 300 ps. The ramp starts at 7 = 0 and has a slope zz
calculated from shock speed and length of the painted
area. T _ _ _ _ | _ . .
—?00 —50 6 5b 160 150 260 250 360
The pressure measurement signal can now be corrected by Time [us]
Model surface Binder rewriting the difference equation as: Estimated pressure (--), pressure after filtering (—) and
pressure after correction (—).
p(k)= pslk+1)—a-pg(k)
Polymer/Ceramic PSP l—a
The frequency response of the estimated transfer
Also, using the transfer function the dynamic limitations function 1s shown in the Bode plot below. For this paint
/ : of the system can be examined (e.g. by examining the sample the -3 dB cut off frequency is estimated at
Experlmental Setup Bode plOt). 7 8 kHz.

A shock tube was used to provide a well known time e
change of pressure, necessary in the system a . o Tl
identification process. The shock tube measures 2.7 m Static Calibration i 0.8 N ~ ] -
in length including the 0.3 m driver section and ends in . S L B o6 S R NN SO0 g0l
a large dump vessel. The cross section area of the test Static calibration was done in situ in order to find the r —
section is 100x50 mm>. coefficients for the Stern-Vollmer relation, go Al 0 N %
| I, P U EE A T e I
A 465 nm, water-cooled, 5 W LED (LedEngin LZ1- 7 —A+Bp—
00B205) was used to illuminate the paint surface , . o o g SRR SRR I
through a blue filter. The light emitted from the paint (where the index S'is used to emphasize validity only at - Frequenclzy [kHz ] 0
was filtered through a 610 nm (Schott RG610) red low steady state) and the steady state pressure pg was
pass filter and measured using a photomultiplier tube. calculated from the sampled signal. Bode plot of amplitude (—) and phase (~) response

Two shock sensors (platinum film temperature sensors)
were used to measure the shock speed and to trigger an
oscilloscope (Tektronix TDS2014) sampling the s

from estimated transfer function.

photomultiplier signal. Sampling was done with a Acknowledgements a
resolution of 8 bits at 2.5 MS/s.
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temporal resolution of PSP at favourable conditions.
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PSP —{KE!Fh#E Y AT L (EL-PSP) D 414

&M%, RLIERE
FHMENRFAREEE

EL (Electro-Luminescence) D4 EL THE AR THAEEMMNARETH LI L HITONS. T, FH
B IEEIRTFEZES, PSP (Pressure-Sensitive Paint) EfHR 3245 4%2 9. Chinld PSP SHAIICE®
ThHdHEEZDN, EL [Z PSP 2L PSP ORNEMLMENERITLHLTEADMETBIZATRELT S
(EL-PSP & R T L) N@O®,

EL-PSP Y XT LI, EL B, NURNRT4)LAE, RFERE, PSP BASHEAL-(E 1). EL [EHRXEH
25mm AN EREVERE EL 2L, PSP (X PtTFPP R—XW20F f= (3 Ru(dpp)R—AMD 2 &L= K 2 [
EL-PSP L RTLDFNEMEE, B 3 12 EL-PSP Y ATLNDBEENWEKIEMRETT. PLTFPP XR—X&
Ru(dpp)N—REBITREKRFEN T/ RRTHE B T HREEER PSP LYEL/NELE>TEY, Ruldpp)N
—Z PSP DAMNHEBOMEMSIYKEL. Fz, EARERZIFEEHSAL.

ZD EL-PSP Y RTLZRAWTEEEROENDTOAIFILETo- (B 4). FATERNI—2DES
TILDHFHABEBIIRZON TS (K 5). EL-PSP Y AT LEREEE PSP LDEBEKREEDZEFHARS
1= PSP MREZARHIHIZ 7°CNBL-IGE DLEEREZR 6 (T/RY . PtTFPP A—X EL-PSP (& 3kPa M
I5—($€3F% 12kPa), — 7, Ru(dpp)N—R EL-PSP [& 1kPa DI 5— (it k% 15kPa) THY, BEBREDE
EEHEED PSP KYBBR R TETHLEMERLT .

SEHR

(1) Lijima, Y., Sakaue, H., “Development of Electro—Luminescence based Pressure—Sensitive Paint System”,
Review of Scientific Instruments, publication in process.

(2) lijima, Y., Sakaue, H., Proceedings of 14th International Symposium on Flow Visualization, 2010.
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2009

(4) FHE, 8, RE “PSP—AEREEN AT LDOREAFKEZBIEL-BEELO Y 4ETE" SH40 =R FEE
[ZBITFTEDFAA—TUT T+—F L 2008

Substrate PSP layer +EL:powder EL
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