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CEDEEESCHEBEBREDRTRME SN TWVDER, TOFEMAR A =X LOMRIHE T
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U boFa Ly, FIEBBER Yo 20EEOT 7u—F L LT, X CTRER
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JE &Rl A BN NI CTH D EE XD, T DOHF TR 7 &, BN 2 B 114
DTHERETHY, TOFFEMRA N =X LOMANKRD b TW D, £ FFREREE O e
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EFTFER
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S)F LAA ZREH(LiB) 5 L
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BEOTTHRLDERNEE

#: PEFC e

End
Bipolary/ lates 1%

Plate

Voltage [V]

B 2599 .
s BB aatnes 21 .
Current density [A/cm?]
80kW PEFCY R T L DIR PEFCO S EH1%
MERFE (20094DOEEH)

RIFVIREITE T 5 BE BB (T A RRIER) (& 2

Gen Inoue, Department of Chemical Engineering, Kyoto University
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g BRI ORI B R AT

EES FRABHER(PEFC) UFYA(F Y ZRBH(LIB) EAEALMI KBS (SOFC)
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BAFI B

HEL. BEBE. AR ERM PR E fERACER L
AEBE. R HEET AL 22 REER L

(I HARZER TR

spm .

PEFCHAMEBRE  Ni-YSZH—xvhEEN PEFCEBBIEAHIE A—Ko TSy TEME

[1] H.Kobayashi et al., SCEJ 75th Annual Meeting (Kagoshima, 2010)
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“Temp
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prsng | REBENH - U ICES2 R
e O CBAMEABRD - AN e
FAA/R—GE - ko PN s 4

1/¢=0.5 7 3 1 : = 1/c=1s

AL RESEME

Depa

CRDS-FY2013-WR-04

goooooooooooooooooooooonoo

Ooooooooooooog

oooood

L

s

OooOooo



HERWARRERT—Iay 7T
EHORARMICET RT3 v TRESE

.l LBEMEAET Ot R

HIEh SWERTF
EWE-HBAO & ZH :
Sraan cm e W) IR L BBD

Gen Inoue, Department of Chemical Engineering, Kyoto University

WFYLAA LV ZREHDOBBRIE L/ A H—
T##/#59(3), 2011, p.81—89

p EBOnEmmEE

IREOTENE g
oW & oRE £
N
RARRS N 5
HEE(CuA)  mEsEmEc S o
BRI HLRE izl £
FRI—v -2 1 2 - VA F=—NJ—=
80°C~100°C 100°C~135°C 135°C
tESERIA—5< T :NMP(E ) L& MABArAYET
(ERESEIRE) EROB

L d
T
TE: ER R R TE: MBATAYET
GRRBAGER) BRI
FRLTHEN RAFHED . ELEME
ETUREERS DREREIL

DIV INOREEZBELRTOLRIZLVIERTES

24T L—>av (R

a

RUHBEOHTFEETCHDERISEVT, MHFHEAHFRISFE—SHRT D

H.Luo et al., Langmuir 24 pp.5552-5561 (2008)

@ REE RERHEMTIZLY
HEMDRFERDRRFEE

@ REBEBTHEBEHRSR
@ REEIHHFAEPLTH
wWIs

RELRE, ZR

P - R
3B 5E 7 I

TREE KR RMREE R
o BRI TR - TR, REMEK
« [BREBEH: ZEREE. EEED
< REBY: HIFHLER, B
o RERENR - RERNEREDER
BT ZEMRE, MR TR

LREFOEESERMITHESNTOSH, BRHET LS I2L—SRITE>TLVEL

Gen Inoue, Department of Chemical Engineering, Kyoto University

'.l LBIZHIFB A5 L—as LM EE DRI

\ A —
DREE

BEHH

Gray: sn

binder

FIB-SEMIZ J:éLuB!titDmﬁ 1%, SRTEBEME, BT
i

David E. Stephenson et al,, Journal of The Electrochemical Society, 158 (7) A781-A789 (2011)

Gen Inoue, Department of Chemical Engineering, Kyoto University

'.l LBEBOEIET O+ R DB (ER)

REFIR 90°C

BEEIE 150°C

EEGIRICKY
-RBED/NAF—HEM
SBBRIE N F—LEBITH T

Eﬂziﬁ& HEREDET

EPMAI= &2 Ty R TR OME ST GLE

PR, [EEMES LU EMFEICRIET BBLROMNE(2A16)
53 E AT M ERHAREE S % p.36 (2012)

Gen Inoue, Department of Chemical Engineering, Kyoto University

'.l PEFCOAIE R T O£ R (MBAEHEDZE)

Hot-pressing (140°C
pressure (kgflcm)

™, ID -
2 ;: (m)i=14/25 s :::‘3, , s} (IR=1418 T a0 100
- > .- VELEO 200
e
400
ERFRER

Cusrant Dansty | mA cm™

EEG RO
FH—LABE

BRI ST O ER DR
Bl T LR EHDE

S.D. Yim et al., Electrochimica
Acta,
56(25), p.9064-9073 (2011)

Gen Inoue, Department of Chemical Engineering, Kyoto University
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Gen Inoue, Department of Chemical Engineering, Kyoto University

Gen Inoue, Department of Chemical Engineering, Kyoto University

B S
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' A A7 TG —h B
Vo
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Xradla?i& B S
UltraXRM-L200 == ; 3DHEDRWETH 250nm

500
&R (A E—L SEM AT REEE R

£
(TRTATATY it8) 2 400 =Fg 2
IRFATATH/A0— M Cal.
(FIB-SEM) Z5AAEYF4nm, ﬁﬁzﬁ%nm/plxel £=0.634 (cal.) ‘; —
0.64 (exp.) B 300 = 18
2 2
2 5 1
S 200 B
K] £ 05
E 100
g 0
Yo 10 100 1000
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H—RUPTFERA LEEFREEDER H—RUBERSHERAE —IEED L

Gen Inoue, Department of Chemical Engineering, Kyoto University

Gen Inoue, Department of Chemical Engineering, Kyoto University

" v
B PEFCRUREMRIGHES SaL— Az g BERECRET B A S —HHEORE
A jal Cross-section near PEM _ Localreactionrate )
B, I: Case 1: K#IFLEIZE Case 2: /MATLEAZE
,. : ’ 5.0 5.0
Binder volume Binder volume
- 5vol%  =10vol% o 5vol% = 10vol%

S4s *20vol%  =30vol% > 45 *20vol% 30 vol%

S ' \v g, Hm

3 reference 3

35 35
- 0.0 0.2 0.4 0.6 0.8 1.0 1.2 0.0 0.2 0.4 0.6 0.8 1.0 12
‘? Cw CE, \a ChoF e ) — 00, Dimensionless capacity [-] Dimensionless capacity [-]
Z =igap [ —= | e T Mioca [~ O Je =
=it o xp[ nek, } o xp( o ) FoREN v G FEDER
2 SAS No -
H BT — B ENO BRI RS, BEE. AL frocti g
AT T O, BT AR T o Clecte
- b < % TAK /T —HEICEYMI LA B :
B ectrods venction (1100 Al BRSSO RIP mater ‘\eﬁec“"e

material

Gen Inoue, Department of Chemical Engineering, Kyoto University 17/20

Gen Inoue, Department of Chemical Engineering, Kyoto University
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REMERTE 5%
HREEX
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alculation

REABHIBAE 05% =)o WESILE pe= LMo
SRR D

10
Ex

" Exp. 5wt
= Exp. 10wt%
* Exp. 20wt%
e cal. Swi%
* Cal. 10wt%
* cal. 20wt%

“ TOEREMBED L REHBUIFIEA /R —S 3>

Performance

Structure

Process

i

SRR O RIEEEFED
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IR DT DI A REME N DUTAEIE R 20 TV 5D, A A UiliR LV ) WE BRI < 2
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AS>TIHHLTH D, TOERTA AR 21 il KRTH S, FEE L TiE, b
DAERTE (FFEEOREINE) . BV iR AEIEE 2 300 ~ 500°CHEE & BV EMEN & < |
IR Z T ST THEKLRVEE (R . @mWA AR5 & AW ER L TR L
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(24K 5 73 300 ~ 550 K F2EEDIRENR) THRAIREBZ ROVEE & FE LORFHBME (=74
SJUENER CERRTH S LFRIFFIC, B LB S L) S WO RrREN D, AR sk
ELTORMAPREENTWS, 2, A F VRO BTG EEA L L THA LES
BEOENbDTHDHEDIEML R EN TV, 20X 5 REEAE T RENME & 5%k 5
SHLHEDITIE, A A RENTICK T 2WE « =X =BT 2 BN MEATH
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s, A4 WIRIEL, NEBIZH T AT — IV OWIEE 26325 &V ) 2 =— 7 7R %
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DHEIZ DT B D 59 R WERN TRINGE SN, A 4 IR TIEN
BT MRS ER L, fl 213N Fo%aIid. OV 7 D HITEKILT %)
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DX A FREO TERFFRICER L, EHIT. ORAEEENER S hTni
AW THOAE L TR AF—BEICESNT v Far 3=V ar (UC) IZBWVT,
A TR Ze = RV @ My OEEBNERICH WD Z L 2 E M L, UC Lk, NER
ZIETKREGEM - LM - ATV TR T TEEBE= L ¥ — E, L FON T,
FTROOBARFADN =N F—2FHFARICT 28R TH D, DK 5 Al p 72 SR
X, ROE, 2T 5% (=ROBMEKE L, #RER(LT2%) IR0 HLIREE TIEK
HFARETZN, ZAUCHBEL TRIEE O BT R X —KT (HOEEDE TR F G
PEOT L= ZAMET) 2572012, 2O LI 7RT Fa—F T fRITRARN 2@k & 1%
o, —J5, UCIE MEHRIZ A, DREEIL (= E,OKT) Z2KRD5Z &7 R
MR DKL= 2 —E 50 2 M ATREIC 9~ 2 Bl Td 2 720 ARARIHRK L 72 0 155,

ZD X D7 UCHAITIKN T, FERDEHR O FG@IZ LAITIER ICINEE L D PRI
L) BiEA A RESERAIRER Z L2 R L, R T THRESE - RER - REIL
ERNT v T ar "= —%2FIH LT, BERFEMIZEEHR (Chem. Phys. Lett., vol. 56, pp.
516, 2011; Thermal Sci. Eng., vol. 20, pp. 15 2012; 7 I i/t =¥ Y 7  vol. 57,
pp. 1, 2012) (ZRENTWD, UC LW = b —FRR AN IZIBWT, A 4 ]
ROFEHIE, NEBEEE ARED H5O BRI 53 X —R TR 7 X 5B O BEHL
KU KD EEDLORUE L7 iR R O RBL, GEREN N TEARINCT 7 ATF v 7 %
BFRLZWEWI SEFMMA L) BBkE IR - 737 28EMoR EZ2iGd &35, UC
HiTOFEAIChT TEEND TFEIEREMG LT D& o7z,

PLEERIT D & A A R NER T, K« AEBIZIROTRIC L8 = 0hiik
THV., TDEL Da=—7 R & HFE FERFEETRERRAHBEDOE SN, FFk
B W T ANEHOBE X 2N 2 B2 2 O REM 2 b 72 LWk Th 5, EEE. E
DOED X HT, EFIINT v TFar "= g W) FENZBWT, A TR L s
BN NWTHAIFEEBETFICTHENTE TS, 2O (2000 ~) 2BV T,
WV s Bl G & & ok & I R ST I3 R I b E (ME L) OFICL > ThREINT
XN, TEOISHBROIENY L FDO~VF 2 — A% R Ao, (R s
WTIRAIZZE I RS> TETNDH L) BREIZEBWTHEBRILFE TR L E O
BREOE D fLA N e SN T Z EREIFE S LD,
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2013/06/29 IST Thermal Workshop

ATV BRERBIE T EME - TRILF—BE
— RMAIRLE—OEHFAE BT LREERIEICEELT

HERIEARE JO0—\ILIvCH%ER
HE B—

murakami.y.af@m.titech.ac.jp

ME: ChETHELRREMS LRV ERD-BAL - TARM - BRE - RRIERPHRE,
BLUEPFERRFRR S~ —OBREERARHITDIYEBERT

1L X7vTAvNR—2av B LUHREBNOHBE

N

L AFURIKIZOWNT

w

AT VRIEANERCE BN EBE
4. BEREROHHEN

5. FEH

1. K7y TarvnR—SavsL&U
MEEHDOME

Down-conversion
e.g. fluorescence lamp /
Energy, £ / E

n
— E,’ Heat
dissipation

Heat — E*
dissipation V '
Excitption
Bxcitption  —Y——
Photo-
Photo-

emission
\‘R\ emission V=

uv

o Lk, E,

Conversion of one higher energy photon into
one lower energy photon
(= conversion of shorter-wavelength light into
longer wavelength light).

Conversion of two lower energy photons into one
higher energy photon (= conversion of longer-
wavelength light into shorter wavelength light).

Background of this r t limitations

In energy conversion systems such as
Only a portion of the spectrum whose photon energy is higher than the threshold energy (E,) is used.

E I R
E>E, E<E,
e e
Photon Photon

E,: Bandgap energy (semiconductors)

HOMO-LUMO gap energy (molecules)

<—— Visible —>

Near IR

Gahs cryst.Si™,

| Photocatalysts + 3MOr-Si

Photovoltaics

Photosynthesis

Threshold wavelength 4,
is related to £, by

(%5 CulnGase,) 2 (nm) = 1240/ £, (eV)

Vertical lines in the left panel:

)J Positions of 7,

400 600 BO0 1000 1200 1400
Wavelength (rm)
= No matter how much power s input, lights with 2 > 2, are unused by the system.

Photon Flux (™' m " nm
i

Benefit of performing upconversion (UC)

Upconversion (UC) is a technology that makes presently wasted part of the solar spectrum
usable for generating secondary energies without necessitating an increase of 2, in the solar-
conversion systems.

Upconversion

E Wasted

Wavslength (nm)

E<E E>E,

Presently wasted energy Usable energy
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Prototype upconversion device fabricated

R Tube « Excitation: 633 nm (red), 10 mW (= about 10 laser-pointers)
http://youtu.be/TrvGDZWas-Y « An aluminum mirror has been deposited on the backside and
is reflecting unabsorbed red incident light

Nikkei Electronics, vol. 2012-8-20, pp. 14-15.

2. AFVREKIZDONT

p

at the “ionic liqui

lonic liquids:

Novel fluid composed sorely of ions, having negligible vapor pressures and
(~1019— 102 pa)il

2,890 papers

Burner flame Number of papers hit by a search

in IS Web of Knowledge
with “ionic liquid*” (in title)

lonic liquid

Rhomter ol Fagws

EEERE

— often called “the 3rd fluid,” in addition to water and organic solvents

— called “gr lvent”23! due to its negligibly-small vapor pressures and recyclability

[110. H. Zaitsau etal, . Phys. Chem. A, 110, 7303 (2006) 121 N. V. Plechkova and K. R. Seddon, Chem. Soc. Rev. 37, 123 (2008)
31 M. J. Earle and K. . Seddon, Pure Appl. Chem. 72, 1391 (2000) s

anic Solvents vs. lonic Liquids

Typical anions
FELVBOKTE OB

IMCRE, JAICY)

N. V. Plechkova and K. R. Seddon, Chem. Soc. Rev. 37, 123 (2008)

T 4 Comuparinms of orpar sobvents with houk: lajuads*

Pruprty g whvesss o,
Numher of solvemi -j0m - | o)

Apphcabubey Sanghe famihim Mubiuaction

Catalytic shiy Rare “ormmon. and teacable

Chirabe Hary Larmass anid weahls

7 e ey the Clisas. Clape rom oquation Ncglighie sasts premsuse e il combthons
Flarmeabaity Usnally hammatle Vssally nomilammabie

Sobvation Wakly woh sty Mgy woliating

Pedaey Comventiomd geliity conorps ey Py voomoen saestoemsie

Tuscatibts Ferp e g o ey g
Com Nonmally cheap Tupécally hovwern 3 and 196 e the oot of
Recyclabibty Gieeen impenstrve e

¥ ¥ a3 im

Demsityrg om " (I35

Refimctavt e, (ERTY

A7 2 RIAD T2HF| R &S ARTREME

¢ BWERIEEE (26V)

© BIE(ITh =505 AR e

« [KLVEEEHEE (- 100-0 °C ~ 300-400 °C) [Zh =ik R AE

o SCOTHIFIR P :
» BREOTESNE T - akeim ]
» BOAF T ]

HBRASTLOFI
(HRREHHLI-L0D)

« [RUVERERE (250 nm ~ 1100 nm) (2123 2B e
B -

=

Source: itpy/ /s -cast com/2013/01/17161704 htm

[51C. Cadena et al, .. Am. Chem. Soc.

[1] M. Ishikawa et al., . Power Sources 162, 658 (2006) ~[2] R. F. de Souza et al, Electrochem. Comm. 5,728 (2003)
[3] D. Kuang et al., /. Am. Chem. Soc. 128, 7732 (2006) (4] T. Sato et al., Electrochim. Acta 49, 3603 (2004)

126, 5300 (2004) 0

Microscopic structure of ionic liquid

 Unprecedented “microstructured” fluid

[2]'s.Patra etal, J. Phys. Chem. B 116, 12275 (2012)

[1]J. N. C. Lopes et al., J. Phys. Chem. 8110, periment

3330 (2006) — MD simulation

Scales relevant to ioni s:
Sizeof  Sizeof Size of
i local
molecules  heterogeneity!:2!

] '
!
T

T
1nm 10 nm 100 nm . cm~m

= Itis essential to elucidate the properties of energy and mass transport in ionic liquids
in order to contribute to their proposed applications.

[3]K. Iwata etal, Acc. Chem. Res. 40, 1174 (2007)  [4] K. Yoshida et al., . Chem. Phys. 136, 104504 (2012)  ([3,4]: Experiment)
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$2al—avDHEHRE

AT VBEDHFA (BAF2) ISIEEE, ZILFLEAFET S

R, = - -CHy-CHyCHy = CjHypy

il (n=6): [Cgmim]*

el

MDZ 32— 3> DFER (Lopes et al., JPCB 2006):

L B 2
MDY EaL—Y 3V DOFER (Lopes et al., JPCB 2006): e BBERACY & WAEERACY

=n24 DHBEIZ, BIEFA D E(TILFIVEARELE) BEER A VIZHDNBEVSHER

BRUEEITAER

o AFVBAEOWE FHITHE) X, REOHRICAEEESID
= BKHOAFYEETHO>TY, (HAEEQOEFT)RRIEFETHHL
= FHE®TH>TL, MIEREFOLEZMBIIREHE

I

o —fiRIZ, as-delivered DIRAETIF E MM DUANTHHIEEEN TS
AR BECLVRRADE. THYOIERELEN BRI TREIEI<HBIE

Hl:+ T —TT —
AL [0 mmliNTI)
ERA= e

#HBLRN (as-delivered)

ma |

™ m w3 M w0 w0
A& )

TLIELIEBAR R TER SV TV A4 Vil (BRI 150 H B8, intrinsicE A4 BADIEELLTIE,
CORITRT £, RAEFTHEABBUEETS. o

3.AFVBIEARERIZE T EMEBY

Suppose molecule species c. and f are colliding with each other in a fluid.

« Smoluchowski’s theory
Kaifr = 4000mNpgD  [M1s7]

where N: Avogadro number, Pap’ reaction radius between « and f, and D: relative diffusion constant
between o and .

* Stokes relation of friction coefficient for the species o
So = 6TT
where r, is the radius of the molecule a. In this, a stick (non-slippage) condition is assumed.
« Einstein relation of diffusion constant for the species o

_ kpT
Sa
where £, is the coefficient of friction between the molecule o and the solvent.

Dﬂ(

Assuming p,, =27, =21, and hence D = 2D, = 2Dy in the above equations, together with R = kg,
the so-called Debye equation is obtained as below:

R: Gas constant (= 8.31 x 107 erg mol*)
T: Temperature
17: Bulk viscosity

8RT
kaite = 3505, M*s7]

AA 2 BRIKRTOD NS F DR

HBEY A ZXDNENSFHOFHRL—HE, DebyeDR Mo FBEShHILHERTHRL —F&Y
TIRBEXEVFELAMS TN,

gl B

m—

Bimolecular rats comvtanty for diffusion b lonk liquidy®

e L. lihwe, Mok & Vi € b . G s g . ke
D o €t el el Expmnr. Lorvnps of Prsks P G P
Soucomd. £ #i TRE £k b gl b
Pt of e T TAPRURE PR —

sy 4y -y

e

v bt 2 bt pt

b bt b
b o s bt

mmlllL-ﬂwluy«Huw 1t shouild b peeed thal the soom
Iemiperase .h-.m-.lmkm.mg\.-mh.

TROZSFRLSEREERIIONT

ms ;.v,"a_.-..-‘..n.-..-..mnﬁ,
winch has recently hoen uwd by ofher worliers in the [
i S by = SONIAT 3q n

Triplet energy transfer merprraticn, Tabrm w ace valee or e i ot ar

ot the B, As discumsed bedoww, this encrgy depends om
.:;me aspects of both the anwn md cuson conaneing te

AF 2 OEELFEYHNT LIS B/ I () &, FBES FAAA L BIFPIHIRNIFET S
NEFZIR (void/hole) EHB BN T BT LIZBIT HMIRMI LML DBV EVS A DRI TEh TSI

[]A. J. McLean et al., Chem. Comm. 1880 (2002)  [2] A. Skizypezak et al., J. Phys. Chern. A 107, 7800 (2003)

Intermolecular energy transfer by Dexter mechanism

Triplet energy transfer (TET): Inter-molecular energy transfer fulfilled with an electronic-spin exchange

Molecule A

Before:

PdPh,TBP Perylene

Molecule A Molecule B

. (W) (%)

This spin-exchanging inter-molecular energy transfer process is called the “Dexter mechanism”.
This energy transfer necessitates intermolecular collision (coming close to the distance of <1 nm).
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ing of the phosphorescence by collisi

Dexter energy transfer process [E] = Concentration of the emitter Stern-Volmer plot:

1" Phosphe S] = Ce trati f the t . N " "
3 o Ea00mm {51 Concentration ofthesenstier = Aplot of the phosphorescence quenching rate, kry, as a function of the emitter concentration, [E].
o Throughout this study, [E] >> [5]
([5) = 0.01 mM, fixed) T - . +
S* &
o [E]=0mm ~oaih
?‘ _TET & Vb= gy =255 5) > The linearity of the plot shows that:
e A——— T o= Ty ) o ] )
kg ' o R A « The process follows pseudo-first-order kinetics
AARs Phosphorescence C,dmim]INTE) P
v e o a2 . « The quenching proceeds at diffusion-controlled rate
sensitizer emitter // onic liquid: . N
2 [ComimiNte) | *Nomolecular aggregates formed in the samples
L] 200 400 00 800 -~
Time (pad / i n " i i
0 0% W0 15 20 25 20
While the decay from T,* to S, is basically forbidden, there actually is a slow decay from the T,* level Esicter Goncentration. [E] (17 k)

accompanying phosphorescence, due to a heavy-atom effect induced by a Pd-atom in the sensitizer.

The quenching rate constant, k, [M"* 5], is determined from the slope of the plot, based on:
= Regarding the decay of T, * sensitizer, there is a competition between the quenching

induced by collision with the emitter molecules and the slow spontaneous decay krqes) = kres) + kTq[E]

atky [s7] slope

*1f molecular as formed, the slope should increasing (E]; see, e.g., Phys. Rev. £ 72, 041710 (2005).
19

lonic liquid dependence of molecular diffusio
. i et o e cotant Hunti, EEEREHEANS, [C,dmiml TIEAF AL IGF VRO ET, ThARBELRY,
— = diff 2 3
T . N _ o Sy s . bS (=
= 1 SRS Pe—r—prTp— ETL, A4 BEOWRS FISRRRFE AL TSR HEEE LYFE 51205 L1
- Kaiff = —— T: Temperature (= 300 K)
= 4l E 4 J 30007 1: Bulk viscosity of solvent [P]
- s ] - v
i min TTY,] s [C4mim] |
2H & [CmnDnTr] 4 ! i
Gymen T N
T [GmmNTE)
o . . - vs-
n=s /
ol (Cimy } ) ~ —_— —
N N TILFILE TILF LY
o
Joy F
N T ¥ 1 Translational motion of aromatic molecules in ionic
- i - liquid is more favored against the bulk viscosity with = AAVBRIRTE, GERAOSNTOFIRD/ UL IHEE () [SET<DebyeD XM D
o3| il e increasing volumetrc fraction of the microscopic non- PEBIZH5 1 HME I DI ERH BT LG OMY TIAAL, 4> TBlhD
1l feimimy|  boer domai formed by agregation of the aly! chins BIRNS FHEESELL ETONEREEE GRRER OBBHLELSS.
ote that ko/ky < 1 in this result.
¥ . P T
© 6 |;o (L]
oy (mPa sl Y. Murakami et al., J. Phys. Chem. B 117, 2487 (2013)
See also a recent mass-transport paper: S. Patra and A. Samanta, J. Phys. Chem. B 116, 12275 (2012) 20 [11P. A. Hunt, J. Phys. Chem. B 111, 4844 (2007)

REpZ {EY
o BELDIFMRFMEHEHD, SHRICAYRRHSRBILLIFLORE B0 RE)
P —"Y T
o PIEBIHHAHEE (microheterogeneity) &4 M THEEDIAL BAS (= KU —MERERD)
DSCRIEN BRI
o WNERISHITEMEILB DKL, DebyeDRIZLDF AN ORERLDEHEENHY,
AFREDBKRES FHIE, BEICEoTRIVIAE—, SOREEMRTS

5 35 t &) ChETOFHEDLB:
: o B (53181 DS WEBHRD FHEEBKEAA L BAPISERSE HFHEMSE,
BRREMERRL, TOREEBHAN=XLERE > (AVRERROIK

o BESARYFOMENSTBEEB DN A4V BAEUCITERT RIS, ETHRD
AP BRI HIEORBSEOMAICETMEERR > TOrSATTNAIRER

o PFAO=ZFEIRNF—BBHE (O ) B, 1+ BEOHEEISHHKETHILERR
o TTASME L o EA A TRKIEE n EORISBIREFAERI (EDRB) £ R R

o BRI LH RAIZER>TWAF D BREDFRED, RIEMR I f=2 AR

[(BH:& 5 3]
Y. Murakami, Chem. Phys. Lett. 56, 516 (2011) # £, Thermal. Sci. Eng. 20, 15 (2012)
HE rIANTS=4Y>2 57,1(2012) Y. Murakami et al., J. Phys. Chem. B 117, 2487 (2013)
2 Y. Murakami et al, J. Phys. Chem. B 117, 5180 (2013) CMEHYMESENEL.
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2-4. >/ -4 08— NTHFL LTIy N T =1
HO RL (BEER2AF BIZFE SATLTYA ISR HAHIR)

HTHEEIICE T 28 LW 2 T8 AOBFITIL, Frar T/ MEHERST A AT
PA L DIeDD [V 2 b—ra VEIR] T BEORESCT A AER A EBLT 5 [
J REE AR - BEEER], T LTCAR - BE LT/ TS ZA0FHER Y I 2L —v g v
DEBMRGFEDT- DD (' v Z7HAN] B — koo —~< AT A 7T v b
T —LDOEENLERARTHD, D 3OO ENE 2 MALIZHFSE - BI% 231
XERWVWOTIEZR L, AR OBRELEENRO CTEETH LM, BURTIELT LH3E
7277y N7 —LRMENTWDH DT TIEZR <, REBPHAED BB OETH
HEERD, B xlF ) s~ A7 a R — VB L TR ERA L, Y —
YNTHA T Ty T A — AOBHEIZIT IRV MADO e N BT S,

T =AWt L T CIRE R S A L X — s R TEEh Bl
T W EEEE O 3 DIZKBI L, EROBEHEMN CIIEmEEICEy v I TE RN
RICHEA LTS, WINoty v ZHITBBIERI RO T S A AT/ #iE O % % il
X720V in situ FHAI~OBEANAEETH O . BEFEM O EE G T 2 EFNE 7
Bz kv, F 7 &SRR LB 2L il S oo b 5,

B 2\ X BB B AR 1 X — T OB o A L7 P L X — - BB B O
KRN & LTHER SN TEBY . EHRET (TROLIRIE - MEGERET) ToEWw
MAERRD BN TWD, L—PF—EHINEAC X 28WME Y oo 7 FikIE, B
SNTMBYEIT 5 R OIREISE DN ZEEZ T 5 2 & T, SiREEEEKD
BMREREZ VT L RIETHY . AFRIIERARE F~OMEHANAHRETH D, FEE
12, MgO EMRIC= & 3 v LR S 74 OFEE O YBCO 58O L E R 4
HELIZE ZA 74/ VHELICERK L7228 RO TR R oz, 15 6 -2t 7 —
I ab— a3 T A AFFHIH WG, @IREBEED 2 1 = X LRI EHE
RORBEV D L MFEIND,

BT NA AGFIZBNTHEFNEFANC L7 L —7 20 —RHFH ST\ 5, &
B SAET A 2B W THEILIC L © 1B ) & RENE O RS EHI I E 2 5 & i Z
L.7 8y 7 A — ROEHELT N, AOEKEILOR MLy 7125 T b, R,
3IRILFEHE INTZETT /3 ADEATICH T 5 R EBHHT OB K & R 2P TB
RINPKREIRFEREL 72> TS, Fio, BRIRFHIRIC K 2 FmERHT o HE K & ZAHIE 4 (K] 4
WCLTWBEEZRD, —H. T/ T3, AR B RFTHRES AT /) A —)L T O ENE
EBGOBILIL, 74 ) VEERITOR AR OB R D bIERICEEThH LY, E
M REE & REN S OB LY Vo 703 T LV, ITEClIlirES e = v
J A — VRGN OB N EA TEY | Hilertr v 7 REE LTHIfFFESN S,

TBAB&® 7 7 AL — /A Rb— MIERFENFRMLTHY, HEMIARE LT
FEFIEN TS, LL, MaBEOELNMREREETEIE, YA MO T v b
U U 7N 80 BMRER OB ERTFEN RN RIES N E2 35, BAVIREFFH CTO&EE
Bttt v THINIZ, B2 T AL — kg RL— hOKGTHET L7 A N1
DT ) FEEIKAF Lo 7 &/ ik E ORI A OB O BifR L ZERS & L TOFERL
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Vi TE0
. lkeda, T. Ando, Y. Taguchi and Y. Nagasaka, /. Appl. Phys.. 113 (2013), pp.183517-1.7 Fim thicknoss, nm
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Aspects of near-field light:
€ non-propagating light generated in proximity of aperture

€ non-diffraction-limited spot size
(approximately equal to aperture diameter)

#Near—field light enables nano-scale measurement in vivo, in situ H
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CRDS-FY2013-WR-04

oooooooooooooooooooooooboo

23

ooooog



24

HERWARRERT—Iay 7T
EHORARMICET RT3 v TRESE

TSR CERER IR

ZeRIDAREE200nm TQdot6550D

SNHD - BEKFUEZNHTHSMC UL,

T. Fujii, Y. Taguchi, T. Saiki and Y. Nagasaka, Rev

T % |
B30200nmDIAREIB T 7 /N\—TO— T DIEBRUC TN |
1600 nm

Lo fLH

]

?
i-
!

i i F
Tempmsan, €

., 83 (2012), pp.124901-1-8.

BRREIERD 7 /N\—TJ0—TJDBEH

SERBYOMIE - SXNEMBEHTENTO-TZ5R

SIS —ZVITN\DIBA

rong——om—— L 1 S 88
= 7

&L nmDEEDAREEDRIR

T2 bZwDDURIII P

&

Ge R—THEIB T 71 /\—,

BEREIES I H S =IO — T OB

LIDSAU—F/N\1 FU— ORI YYD

95 AL—bNARL—kElE
OkKDEFME

QKD FIZLDIEREFRICHD

PDF TR F)DFE

QEESETHEE
@RGMCEEN
TIUSRL—hNARL—kEE
Ok KD E A E

QF AR FHEEREEE IR
QHERE L THETHE

T2RHIN5 A
BB A CO 2R UL FI

SEEEMIRAIC K DIIVIA-MM M V- MMt Y Y VD
SEEEHRIRE D BIE FIE

HRMRE SR

OMEERERICTEEME
QM
QMR DRE L FAE

-/ ()

ATIK]

Int
LR Ent-70—J (SEME#

nyruizTtra—JE kg

IEEBHIREIC K DIIIIA-ME V- V>V T

7 R R 5

-193 ~282 K 35
BEEH i °
LA THEL H
(A EE)

HERREYISEM A R

Thermal Conductivity, Wim-K)
L
[=]

TBAB/\A KL —E{#K)
(273 K)

AEED. HORE KHR, RIRER. AMHFL0XEBH 79 (2013), pp.1155-1163.

., | Moty pord of en
e T

| Mt e of T e |
~,
N
"

180 200 220 240 260 280 300

Temperature, K

IEEBMIREC K DIIVIA-M L b-pitE > Y >V D

DSAL—bNARL—tORBEGREBEERICKRTEREFEET
Ny

ORSEENEH cop BIZEROEDESIZHE
Q@3h)ry ey BMRBEORERFEOHFREMEICEE

TIOSRLU—MNAFL—bDIFEE —
OHERBEDEH DK F+BIRTFO
fERIEE
@3~y KaFlcasniz
TBADFTE

TBA*((C4H 94 N*)

FlIIIlIIHIMHIlIIIIIIIllllllllllllllllllllll‘

CRDS-FY2013-WR-04

gobooooooobooboooboobooobooooog



HERWARRERT—Iav 7
EHRRMICET RV - a v TRESE

2-5. HROMEVY IR
KREE BN (RRAFE XZRMBREENEZMAR RIFEFFN  FEHR)

INFETOZRAX—FIHIX., TOKESN. ALARE ((EFEm X —) 2RS0T
ET, BIREEOHT A (Ao 3 L¥—) 225K 0, BWkEZEN9 = & THI) (B— =
NF¥—) ZRMOHTENI D ThHo7e, BJIFHHM— L —L L TEOEEFIHIN
=0, HOVIREMEE > CTERKT R —ICEHO%, s +5, —J7. &
VAT L X — 5 EEICBR T L X — AT 5 BMEMN. H 2V kL F—
ERAT HN 72 ERSLREDOHM CTERIAINTETWD, ZOLI 2iyaEns, Bx
FIVF—~DEH EIIHMIIARL 2o T D0 E Lt L LN S B R L F—
EEZICER T R — DB T HDEVELEW. 55 WX Rk RIEEBRIE A SV IET e —
R T B35 %, FTETHERBEIND L IR EEbILS,

IFEER STV D =) —HANL, WHE. B OMEL EFRICRHT 2 2 & 3R
D—>Thb, b— MRUTHIMMZE L TIX, 73 M Ed) Z2FH LT, RE
& (kakt) W ZMNLICHIE T 2T v FER T AT ARER S TWDH, v
ANX—=TKGEDHT DN TELOME, BEOFEORBNEZORETHD, Lo
L. TRAX =V AT ABRONEEZZ DEGEIE, FlzE, VAT L2 E AT HERE
IZADE T, WEEOHE, EiRRE R E it 8, TV by MMPERET D
& (EBEREGEEL CTAETH L) IV, BEEROBRG AL T T H I L ENLE
W25, VAT ADLYL BEEFEDO L~ MBI O L L7 B Rk 7R Lo LI EAR
AIRREED & 2 03, BB IR 13 & AR e L~ vz h 5 L Bl b,
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“... We need researchers to develop the technologies
that would reduce cost, and that needs system-level
thinking: it’s not just materials. Materials in the context
of systems is really what the issue is.”

Dr. Arun Majumdar, MRS Bulletin vol. 38, 448 (2013)
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