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@ “Tetra-Hydrides of the Third-Row Transition Elements: Spin-Orbit Coupling Effects
on Geometrical Deformation in WH4 and OsH,”, Taka-aki Hisashima, Takeshi
Matsushita, Toshio Asada, Shiro Koseki, and Azumao Toyota. Theoret. Chem. Acc.,
2008, 120, 85-94 for the special issue of Prof. Mark S. Gordon.

@ “Theoretical Study of Environmental Effects for Proton Transfer Reaction Through
the Peptide Bond in a Model System”, Toshio Asada, Tadayoshi Takahashi, and Shiro
Koseki. Theoret. Chem. Acc., 2008, 120, 263-271 for the special issue of Prof.
Mark S. Gordon.

@ “Spin-Orbit Coupling Effects in Di-Hydrides of Third-Row Transition Elements”,
Shiro Koseki (invited). Computational Methods in Sciences and Engineering,
Theory and Computation: Old Problems and New Challenges, edited by George
Maroulis and Theodore Simos, 2008, CP963, Vol. 1, page 257-267.

@ “Molecular Dynamics Simulation Study on Stabilities and Reactivities of NADH
Cytochrome B5 Reductase”, Toshio Asada, Shigeru Nagase, Kichisuke Nishimoto,
and Shiro Koseki. J. Phys. Chem. B, 2008, 112, 5718-5727

@ “Simulation Study of Interactions and Reactivities between NADH Cytochrome b5
Reductase and Cytochrome b5”, Toshio Asada, Shigeru Nagase, Kichisuke
Nishimoto, and Shiro Koseki. J. Molecular Liquids, 2009, accepted.

@ “Phosphorescent Materials for Organic Electro-Luminescent Devices”, Shiro Koseki,
Toshio Asada, and Takeshi Matsushita. J. Comp. Theoret. Nanoscience, 2009, in
press.

@ “Theoretical Study on the Absorption Spectra of fac-Ir(ppy)s in the Amorphous
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Phase of Organic Electro-Luminescent Devices”, Toshio Asada, Syuhei Hamamura,
Takeshi Matsushita, and Shiro Koseki. Res. Chem. Int., 2009, accepted.

@ “Determination of localized-state distributions in organic light-emitting diodes by
impedance spectroscopy”, T. Okachi, T. Nagase, T. Kobayashi, and H. Naito. Appl.
Phys. Lett. 94, 043301 (2009).

@ “Determination of charge-carrier mobility in organic light-emitting diodes by
impedance spectroscopy in presence of localized states”, T. Okachi, T. Nagase, T.
Kobayashi, and H. Naito. Jpn. J. Appl. Phys. 47, 8965-8972 (2008).

@ “Fabrication and Characterization of Poly(3-hexylthiophene)-Based Field-Effect
Transistors with Silsesquioxane Gate Insulators”, K. Tomatsu, T. Hamada, T. Nagase,
S. Yamazaki, T. Kobayashi, S. Murakami, K. Matsukawa, and H. Naito. Jpn. J.
Appl. Phys. 47, 3196-3199 (2008).

@ “Effects of Fluid Flow on Electric-Field-Induced Director Reorientation in
Homogeneous and Homeotropic Nematic Liquid Crystal Cells, Probed by Transient
Current Measurements”, Y. Iwata, H. Naito, M. Inoue, H. Ichinose, M.
Klasen-Memmer, and K. Tarumi. Jpn. J. Appl. Phys., 47, 8230-8235 (2008).

@ “Preparation and Dielectric Property of Photo-Curable Polysilsesquioxane Hybrids”,
T. Hamada, T. Nagase, M. Watanabe, S. Watase, H. Naito and K. Matsukawa. J.
Photo. Sci. and Tech. 21, 319-320 (2008).

@ “Study on a Facile Synthesis, Crystal Structure, and the Solid-State Fluorescence of
Dicyclohexane-Annelated Anthracene”, C. Kitamura, C. Matsumoto, N. Kawatsuki,
A. Yoneda, K. Asada, T. Kobayashi, and H. Naito. Bull. Chem. Soc. Jpn. 6,
754—756 (2008).

@ “Correlation between the crystallization of polyfluorene and the surface free energy
of substrates”, T. Kobayashi, H. Uda, T. Nagase, M. Watanabe, K. Matsukawa, H.
Naito. Thin Solid Films 517, 1340-1342 (2008).

@ “Effects of Viscosities on the Transient Current in Homeotropic Nematic Liquid
Crystal Cells”, Y. lwata, H. Naito, M. Inoue, H. Ichinose, M. Klasen-Memmer, and K.
Tarumi. Thin Solid Films 517, 1417-1420 (2008).

@® “Measurement of Viscosities from the Transient Current of Nematic Liquid Crystals
with Negative Dielectric Anisotropy”, Y. Iwata, H. Naito, M. Inoue, H. Ichinose, M.
Klasen-Memmer, and K. Tarumi. Thin Solid Films 517, 1421-1423 (2008).

@ “Equivalent circuits of polymer light-emitting diodes with hole-injection layer
studied by impedance spectroscopy”, T. Okachi, T. Nagase, T. Kobayashi and H.
Naito. Thin Solid Films 517, 1327-1330 (2008).

@® “Influence of injection barrier on the determination of charge-carrier mobility in
organic light-emitting diodes by impedance spectroscopy”, T. Okachi, T. Nagase, T.
Kobayashi and H. Naito. Thin Solid Films 517, 1331-1334 (2008).

@ “Anisotropic optical properties of aligned [I1-phase polyfluorene thin films”, T. Endo,
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T. Kobayashi, T. Nagase, and H. Naito. Thin Solid Films 517, 1324-1326 (2008).

@ “A study of [1- and [1-phase poly(9,9-dioctylfluorene) by electroabsorption
spectroscopy”, T. Endo, S. Ikame, Y. Suzuki, T. Kobayashi, S. Murakami, and H.
Naito. Thin Solid Films 516, 2537-2540 (2008).

@® “Analysis of time-of-flight transient photocurrent in organic semiconductors with
coplanar-blocking-electrodes configuration”, T. Yoshikawa, T. Nagase, T. Kobayashi,
S. Murakami, H. Naito. Thin Solid Films 516, 2595-2599 (2008).

@ “Device characteristics in polymer field-effect transistors with poly(methyl
silsesquioxane) gate insulators”, K. Tomatsu, T. Hamada, S. Yamazaki, T. Nagase, T.
Kobayashi, S. Murakami, K. Matsukawa, and H. Naito. Proceedings of Pan-Pacific
Imaging Conference, 372 (2008).

@ “Effect of Surface Energy of Gate Insulators on Polymer Field-Effect Transistor
Performance”, K. Tomatsu, A. Kanehara, H. Uda, T. Hamada, T. Nagase, T.
Kobayashi, S. Murakami, M. Watanabe, K. Matsukawa, and H. Naito. Extended
Abstracts of the 2008 International Conference on Solid State Devices and Materials,
614 (2008).

@® “Impedance Spectroscopy of Metal-Insulator-Polymer Semiconductor Diodes”, .
Miyagawa, T. Yoshikawa, T. Nagase, T. Kobayashi, and H. Naito. Extended
Abstracts of the 2008 International Conference on Solid State Devices and Materials,
602-603 (2008).

@® “Localized-State Distributions in Polymer Transistors Studied by a Field-Effect
Method”, T. Banno, K. Tomatsu, T. Nagase, T. Kobayashi and H. Naito. Extended
Abstracts of the 2008 International Conference on Solid State Devices and Materials,
608-609 (2008).

@ “Fabrication of poly (3-hexylthiophene) field-effect transistors with
poly(methylsilsesquioxane) gate dielectrics on plastic substrates”, S. Yamazaki, T.
Hamada, K. Tomatsu, Y. Ueda, T. Nagase, T. Kobayashi, S. Murakami, K.
Matsukawa, and H. Naito. Digest of Technical Papers of Active-Matrix Flatpanel
Display and Devices, 149 (2008).

@ “Leslie Viscosity Coefficients of Nematic LCs with Negative Dielectric Anisotropy
Determined by Transient Current Technique”, Y. lwata, H. Naito, M. Inoue, H.
Ichinose, M. Klasen-Memmer, and K. Tarumi. Proceedings of the 15th
International Display Workshops, 515-518 (2008).

@® “Impedance spectroscopy of multilayer organic light-emitting diodes”, Y. Terao, K.
Kawaguchi, M. Nishiura, H. Kimura, T. Saito, M. Ichikawa, T. Okachi, and H. Naito.
Proceedings of the 15th International Display Workshops, 979-982 (2008).

@® “Chemical design of polysilsesquioxane as a gate insulator for organic thin-film
transistors”, T. Hamada, S. Yamazaki, T. Nagase, K. Tomatsu, Y. Ueda, M. Watanabe,
S. Watase, T. Tamai, T. Kobayashi, S. Murakami, H. Naito, and K. Matsukawa.
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Proceedings of the 15th International Display Workshops, 1665-1668 (2008).

@® “Simultaneous determination of localized-state distributions and charge-carrier
mobility in organic light-emitting diodes by impedance spectroscopy”, T. Okachi, T.
Nagase, T. Kobayashi, and H. Naito. Proceedings of the 15th International Display
Workshops, 1021-1024 (2008).

@ “HHEREKGEMORKET —% L2 WEE | BER BT, Wik & F
T4 v 5E OKC 5 ¥ v oD e BT B2 40 1T, 297-308 (20009).

@ “HHEEL BRI DAl - SHEE - S - BEmbk - ST -7
[ 522, N R (= L8 &), pp. 184-196 #L il i W% = (2008).

@ “EXIFHE MG TIr/=v2r & FHE —EM Xy H S Ho
TBE /e —" ) ML, WM FE. pp. 603-618 1F A&t (2009).

@® “Squarylium Dyes and Related Compounds” , Shigeyuki Yagi and Hiroyuki
Nakazumi. Top. Heterocycl. Chem., Vol. 14, Springer-Verlag, Berlin Heidelberg,
pp.133-181 (2008).

@ “Colorimetric Sensing of Metal lons by Bis(spiropyran) Podands. Towards
Naked-eye Detection of Alkaline Earth Metal lons”, Shigeyuki Yagi, Shingo
Nakamura, Daisuke Watanabe, and Hiroyuki Nakazumi. Dyes and Pigm., 2009, 80
(1), 98-105.

@® “Homohelicty-Enriched Zinc Bilinone Dimers with Chiral Aliphatic Spacers.
Synthesis and Application to Chiral Induction of a Nematic Liquid Crystal”,
Shigeyuki Yagi, Katsushi Hamakubo, Shigeru Ikawa, Hiroyuki Nakazumi, and
Tadashi Mizutani. Tetrahedron, 2008, 64 (46), 10598-10604.

@ “tkx o CISHATRE R NFIA R R ER O A WIS 22277 U U U LR
FEREME R |, PR EAT, KRB, ARG IEF =55 2008, 66 (5),
477-487.

@® “Columnar Mesophases from Half-Discoid Platinum Cyclometalated
Metallomesogens”, Koushik Venkatesan, Paul H. Kouwer, Shigeyuki Yagi, Peter
Miiller, and Timothy M. Swager. J. Mater. Chem., 2008, 18, 400-407.

@ “Synthesis and Optical Properties of Bissquarylium Dyes Bearing Arene and
Thiophene Spacers”, Shigeyuki Yagi, Taishi Ohta, Nobuo Akagi, and Hiroyuki
Nakazumi. Dyes and Pigm., 2008, 77 (3), 525-536.

@® “Novel Sulfur-selenium Exchange in Ethylenedioxy- and Ethylenedithio-
dithiadiselenafulvalenedithiolates”, Toshiki Hayashi, Xunwen Xiao, Y Yamaji,
Hideki Fujiwara, Toyonari Sugimoto, and Hiroyuki Nakazumi. Chem. Lett., 2008,
37 (4), 428-429.

@ “Direct Identification of Various Copper Phthalocyanine Pigments in Automotive
Paints and Paint Smears by Laser Desorption lonization Mass Spectrometry”,
Tadashi Mukai, Hiroyuki Nakazumi, Shin-ichirou Kawabata, Masaru Kusatani, Seita
Nakai, and Sadao Honda. J. Forensic Sci. 2008, 53 (1), 107-115.
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@ “Photochromic Behavior of Tetrathienylethene In Condensed Systems. Attempts to
Control 1,2-Dyotropic Rearrangement of the Closed Isomer”, Hiroshi Ikeda, Akinori
Kawabe, Azusa Sakai, Hayato Namai, and Kazuhiko Mizuno, Res. Chem. Intermed.
2009, 35, accepted.

@ “Experimental and Computational Studies on the Dipole Moments of
Annulated-Tropones and 1,4-Polyacenequinones”, Mitsutaka Kudoh, Takehiko Satoh,
Hiroshi Ikeda, Tomoo Nakazawa, Ttutomu Miyashi, Shigeyoshi Katagiri, and
Susumu Sudoh, Bull. Chem. Soc. Jpn. 2009, 82, 70-75.

@ “The Reaction Mechanism for the High Quantum Yield of the Cypridina (Vargula)
Bioluminescence Supported by Chemiluminescence of 6-Aryl-2-methylimidazo
[1,2-a]pyrazin-3(7H)-ones (Cypridina Luciferin Analogues)”, Takashi Hirano, Yuto
Takahashi, Hiroyui Kondo, Shojiro Maki, Satoshi Kojima, Hiroshi Ikeda, and Haruki
Niwa, Photochem. Photobiol. Sci. 2008, 7, 197-207.

@ “Photochromic Properties of Tetrakis(2-methylthien-3-yl)ethene and its
Tetrakis(methylthio) Derivative”, Hiroshi Ikeda, Azusa Sakai, Akinori Kawabe,
Hayato Namai, and Kazuhiko Mizuno, Tetrahedron Lett. 2008, 49, 4972—4976.

@ “An Organic Radical Light-Emitting Diode Based on the Fluorescence Emission of a
Trimethylenemethane Biradical”, Hiroshi Ikeda, J. Photopolym. Sci. Technol. 2008,
21, 327-332.

@ “The Facile Generation of a Tetramethyleneethane Type Radical Cation and
Biradical Utilizing a 3,4-Di([1-styryl)furan and a Photoinduced ET and Back ET
Sequence”, Teruyo lkeda, Hiroshi lkeda, Yasutake Takahashi, Masafumi Yamada,
Kazuhiko Mizuno, Shozo Tero-Kubota, and Seigo Yamauchi, J. Am. Chem. Soc. 2008,
130, 2466-2472.

@ “HARENERTHECTOHNLORALE THEKT VUV EL] OBHE”, MHTE,
KA #F, 2008, 8, 10-16.

@ ‘LI UHNERBMTLINHEEEFBIMOS, B, £ L THEEL, thH
i, /b5, 2008, 38, 204-208.

@ “UV Absorption and Fluorescence Properties of Fused Aromatic Hydrocarbons
Having Trimethylsilyl, Trimethylgermyl, and Trimethylstannyl Groups”, Hajime
Maeda, Hideki Ishida, Yohtaro Inoue, Abdrisit Merpuge, Tomohiro Maeda, Kazuhiko
Mizuno, Res. Chem. Intermed. 2009, 35, accepted.

@ “Asymmetric induction in an intramolecular [2+2] photocycloaddition within
chirally modified zeolite supercages”, Hajime Maeda, Takahiro Okumura, Yasuharu
Yoshimi, Kazuhiko Mizuno, Tetrahedron: Asymmetry 2009, 20, in press.

@ “Regioselectivity of Selenium-Mediated Carbonylation of Organolithium
Compounds with Carbon Monoxide”, Shin-ichi Fujiwara, Akira Nishiyama, Kazuhiro
Okada, Hajime Maeda, Tsutomu Shin-ike, Noboru Sonoda, Nobuaki Kambe,
Phosphorus, Sulfur, and Silicon and the Related Elements 2009, in press.
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@ “Photoinduced Tandem Three-Component Coupling of Propanedinitrile,
2,5-Dimethylhexa-2,4-diene, and Cyanoarenes”, Maki Ohashi, Keisuke Nakatani,
Hajime Maeda, Kazuhiko Mizuno, J. Org. Chem. 2008, 73, 8348-8351.

@ “Photochemical Monoalkylation of Propanedinitrile by Electron-Rich Alkenes” ,
Maki Ohashi, Keisuke Nakatani, Hajime Maeda, Kazuhiko Mizuno, Org. Lett. 2008,
10, 2741-2743.

@ “Lariat-Crown Ether Based Fluorescence Sensors for Heavy Metal lons”, Hajime
Maeda, David L. Tierney, Patrick S. Mariano, Mainak Banerjee, Dae Won Cho, Ung
Chan Yoon, Tetrahedron 2008, 64, 5268-5278.

@ “Fluorescent Polymer Particles Incorporating Pyrene Derivatives”, Toshiyuki Tamai,
Mitsuru Watanabe, Hajime Maeda, Kazuhiko Mizuno, J. Polym. Sci. Part A: Polym.
Chem. 2008, 46, 1470-1475.

® ‘DNADKEEIT7 = & N A—F —THlIT3 57, RiIZE, {7, 2008, 63,
58-59.

[EBR 2 RE]

@ “Spin-orbit Coupling Effects in Rhenium Tetra-Hydride”, Shiro Koseki, Taka-aki
Hisashima, and Toshio Asada. Second International Conference on Molecular
Theory for Real System, Institute for Molecular Science, Okazaki, August 2008.

@ “Simulation study of the structure and biochemical activities of cytochrome b5
reductase”, Toshio Asada, Kichisuke Nishimoto, and Shiro Koseki. Second
International Conference on Molecular Theory for Real System, Institute for
Molecular Science, Okazaki, August 2008.

@ “Spin-orbit Coupling Effects in Rhenium Tetra-Hydride”, Shiro Koseki, Taka-aki
Hisashima, and Toshio Asada. World Association on Theory-Oriented Chemistry,
Sidney Australia, September 2008.

@ “Theoretical Study of the Electron Transferase Activity of Cytochrome b5
Reductase”, Toshio Asada, Kichisuke Nishimoto, and Shiro Koseki. World
Association on Theory-Oriented Chemistry, Sidney Australia, September 2008.

@® “Photoluminescence properties of thin films of low-molecular-weight
poly(3-hexylthiophene)”, K. Kinoshita, T. Kobayashi, T. Nagase, and H. Naito. 2nd
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IR, ERG R LAY ONERR) « AL FROMEE IS 2RIk & 72 0 CHEE 2 4ED T
5. HRIZE 3 RINER TR D 2 58 EWITH I EL (electro-luminescence) 7 /31 A DR MR &
LCHEAEZED, 608 baMmE AW TR OM & & HIZREE R OB ESRFHFmb
Z BAR LM BRI DA T DOIL TN S,
ek, AHEEL ORYEE LI —EIEREN S OEEAF A SN TE . Lo, BXKME
RN X - THREFHIIC SIEAERT 2 EHIf SN D ZEHIEREN S OB ERHT 2 2 LN TE NI,
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BET L EMFREENDENDTH D, EEE, s bEWEHBIMELE L Ca EL OREIZHEAT
HZEIZEST, My ~100% 3G DT E VI ERH D T ZHISK LT, EkT D 75%0D =
TERhAL 12— EIEFHE 712267 2 Z ST & vz, 8 FIHT 50 1En,, <25% L
DHARFCE 720,

2. BHT A AOREE L BN

AR NTRETHDHZ D, F£RT 731 A & LT CRT (cathode ray tube) D40 U [T T
A AT VA D LD IThs> TALW. T 4 A7 LA LIZIFRFHICIRE S A OO
DFERT 4 AT LA Tk % PDP (plasma display panel), FED (field emission display), LED (light emitting
diode)X° EL 3R /RISERF A<, BifF7eay b7 A M EFOEHIfF T 5. PDPIIBEICH ML
STV, /WL EHEE O FICRE RIEEEZ RS, 2K LTERT 4 27 LA L L
CT®FED, LED R EL 1%, —##fbENzb 00 EHRBEEICH Y, SBOFBICHIENTX
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HOLARELIZT DI ENTE S, BEHEOLEG, LD X533t LTHEEHWD Z &R
FLWVWZ EEFEI AL TV, L LR D, | CaW LR IR Z A3 2508 2 Bl
AL EWIND RO T Z EIFE L. SIS A Y U ERER TH D Z LT kT
5. Fndx, KRE7p2AEHIEMHBIER (spin-orbit coupling = SOC) 12X 0 A B 2EHI &2 » K
EREBMEREE G52 5ELFE LT EMIIEENEEZLDIFXUARTHAH. FEEOL A, Irbh
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AR RE O W B RS A [FIFRE OFFEE TR O L7121, —RICHEKRHEERLE L S,
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; NV " hv 3 Volt
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TROLNETHS.
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BRI LT, (o) RIR=FEBDIREED b AREIREE~ DA ZNBA T 5. WHEEHITET &
BAIREI O ABAEH, Wb D IEWEMEAAEH (non-adiabatic coupling = NC) & % W IIRENE A A
EM  (vibronic coupling=VC) IZX > TRLRTHZ LN TED
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JE i 7o BB S A VD 2 E T E AU, Hellman-Feynman OERIC I Y T HIEFRIETHLH Z &
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)l
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WX RO GRREE).
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Compd Pt-1a Pt-1b Pt-1c Pt-1d Pt-1e Pt-1f

T 518 518 558 615 658 708
PLIetme 0.8 0.4 23 0.56 0.63 28
Qual&;-}gield 0.59 0.43 0.38 0.10 0.06 0.02
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#2. A% (1)K Pt-1 # v 7= PLED O35k,

Pt-1a Pt-1c Pt-1d
Light turn-on voltage (V) 12 13 16
Voltage (V) 26 22 22
Maximum luminance (cd/m?) 2750 1170 200
Power efficiency (Im/W) 0.15 0.11 0.009
Luminous efficiency (cd/A) 1.26 0.72 0.06
External quantum efficiency (%) 0.37 0.31 0.06

CIE coordinates (X, y) (0.35, 0.60) (0.54,0.45) (0.63,0.35)
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1. 1FC®IZ

A = 2t IS EIFHUNEXIKEBIEE 52 R FICHM L, £ 0IEE BN
BEEOREEMHENG A VE—F U A2 L, FIINM/NER S EEAE 5 0 83K
DR ELTA L E—F L AAXRY NEGLIREETH D, ISHIETIX, AR}
BRER X OEMEEERREEEOA =X AR EROEVIT LD T
HZENTE, A EL FFOEMEIBSBHELIZIC O & T D4 Rl &2 ik
ETHIENAREE 2D, TV ORI, BRENEI BB CEEMAT . HILAEAT I
HH <©dH D, § TIT. poly(2-methoxy,5-(2-ethyl-hexyloxy)-1,4-phenylene
vinylene) (MEH-PPV) [1,2] . poly(p-phenylene vinylene) (PPV) [2-6] .
poly(9,9-dioctylfluorene) (F8) [7,8]. tris(8-hydroxyquinoline)aluminum (Alqs) [9]
72 E[10-12IC X 5 A EL ICBW T ISWEMThATEY ., ZOA =X A
AR MR REINTE,

IS MIE Tik, FMEE, Fv V7 BEE, v VT HEERHE. 7 v 7 0me
AT U ARMDBRIEZEOYHENRETZDHEEZLNDIN, ARTIEEIC IS HIE
IZ R 2GR, X U TBBE, Ty T OMOMEICONTHRARL, ZDKD
REEEIL, A ELREFOLLMITICL AN TH L EEDbLD,

BEhELZWEST 2 ke LTE, IS MIEOMIZ, Time-of-flight (TOF){%[13],
Dark injection (DI) transient 7:[14-17], Z2[# % fif il FR 7 Jit (space-charge-limited
current: SCLC)®D FVHED LIRS 5 FHik, R0 EL A7~ VHlE [18]4 23
%5, LoL, TOF, DI 1, EfTKRMAZBRIF7e SIN O T THIET H7-H, FE
BEOFH EL £ OB E LR L TRV EVWEEDORE N LEL D, A
KT, BEDOEWZL > T, ETOESCHDENELLT H7-0[19], EBEDOFR
FLRIBEDORETHEZITH> XETHD, SCLCIETIEL, EBREDOFEFHE TOH
EFEHLLS, BRIEOBEBRMEKFENBGONLRWEDORELH D, S HIT, K7
EL 27 MVHE BB E O EfE 2 eMiic T AmETh s, —FH, IS JWEE, 5
oAWK ELEFOBHENNETE, BIEOEMRKEMELIMETE D, A
BRFPOX v ) THRERRBIAET AR =T R0F AR —NVT 4 A —H =72 L
[20] & DRI THIREWIRE TH 2,

A EL F2FDO 7 vy 7 OomIEECHRHEER TCHEINLTVWDL LI THD
[21-23], UL, BVl EIR CIIR A ERIREREOKIRDERE TOMRAX v
YOMENRHY . TR, BLICERO R A—VESZTLE)ARERD D,
F o, BVIBCERE TIE, —E O FIREE T CRBHI IR AL D MU B B & 1 E
TOLERDDLISHEICED M7 v FPHMAETH D & BiREOHFE TR,
lock-in R Z4T 5 7= OM/NMEH5 %2 SINLESHETHZ LN TS,



2. AV E—X A5 (IS)

[SIETIXE 7R T ICWNEREELERE 5 [V=Vexpliow )] % 5 2 | Z OINE BTG
5 [Elexpli( w t+ ¢ O BIRIRNE & ALFHZE LV BTN O8RSV 7 gL B
ERREEOA L —F 2 A(Z=V/D%ERDDHZENTE D,

FIMEEGEEOREEENNTA—2E L, oA E—X A2 HEF Vil E
WICRRLIZH D% Cole-Cole u vy MERES, £ U E—X ALK | AW R E
BAETCHLEV2T A, 7TRIFZ A FEREHGLENTESH[24,25], 2D
DOOBEERBO ., AT EMNICHE Lo RZEBREN RIS S, AR TIiE, E#r o
BHE SR v =2 2(2) Tay b, RERDSOWEENDONDLIEY 2T
Z (M) Fay hEAWE, IS DN Ti, Cole—Cole 1 v k DERIRD B T D %%
[ 2 HEE L. = ORI D 5 EHHE L 7= Cole—Cole 71 v s O#ELEF & HIE T —
Hl B IEEMEIBERET DI ED KU TH D,

ISHEICIZY —F ha 12608 4 L E—X U 2T F 54 P L1296 BFHER
WMEA X —T7 =2 A& H W, EREEIZ 30 mV,,,~100mV,,, O35 (& ¥ S
PHIX 10 mHz 7>5 10 MHz) 2 EHE L 7-,

3. S A [E]

- B for VR A AR AE

FHHEMEEEU TICH TS F8 HgfME A EL £ 7 (GB7#iE ITO(ndium
tin oxide)/F8/LiF/Ca/Al) ®» Z7a v v, M7 v v b #K1(2)®) 2T, WTih
ZHBWTH R-C WHIEIKRTCEINS DM EHiWE, 20 R-C WHIFEKIL.,
CH F8DFER, WMENOHESNLIFHEREE BT HZ LMD F8 N )E
ERLTWDHZENRDLND, bbbt T, EM/FS REEIXIFMELLN ERbNrD
(F8 N v gt B DB A H T 2R mEERFET VT, ZHICER T 2[R
BRI ESHhDIITTHD),

Z7uy PEOVEIMEELZMMSES &, BHPERABL T2 08025, 21
LRSS EMBEMOTAL. H2DWVIX, BEHEOHMIME O KO IZ &
DEEADND, Fle. M Tay LY BERROMNS ELRDILBDND,

—— .
ITO/F8 g¥13 nm)/LiF/CalAl i b ITo/Fs (113 nmyLirca/Al ®
A.C. modulation voltage 1T Ac. moduation voltage ©  poplied D.C. biases—]
.06 0.1 Vims 4 - - 0.1 \rms o . ov 4
Ci Applied D.C. biases w ?g x
= c v ] E ° v
— 04 wov 4 . ‘ 20v | Rb
N A S ] Rs
£ 20v =) | | Line: fitting results |
T2 Line: fiting resutts ] £ [ % ]
v y
"' ] Co
0 A A . 1
0 0.5 1 0 0.5 1 5
Re[z] (MQ) Re[M] (1/nF)
(a) (b) (c)

1 ITO/F8/LiF/Ca/Al# HELH 7 DR L & WEBEL FI2 51 2 (2)Z
plot, (b)M plot, (c)Zfli[EIE. (a), (b) o> T iF (I 7 3 Al F# 12 X 2
T4 T4 TRER.

Z7 vy b TCIEHEBBI(EMO KR, 90 Q) ARy 7 L. M7 ey
F IR BB ET AR LR D, TALDOERENS . BB EEUT
THEHK1I@IEARTEMEIE TCEIND Z EDRbholz, B, 1 (2)(b) o E
X, K1 @QOEMEIENPOHAE LAV E—F 22K R LELDTHD,



FBAEBMEELEL T CIL, A% ELEF 20008l sniniz, &1, &E
LONTNN =T OHRBEASHT WD, - T, FELBEEEL T OREMRZ
H—&EfrFE A (single injection) E7 /WIC L VW ELET 5, MATICIE, EiOKX, K
7Y OX Bk O A2V JEEBE T L OV EAL O 777 & A L 7= [26],

J(x,t)qu(X,l‘),UE(xal‘)Jrg% )

OE(x,1) _ gp(x,1) (2)
ox £

Op(x,t) _ 1 2J(x,1) (3)
ot q Ox

WUNME Z AT ICB W TIXEREE, ER., Y V7 HEEZRATEZDZZ N TE
%o

J(0) =T +J,(1)

E(x,t)=E (x)+E,(x,?) (4)

p(xat):pdc(x)+pl(xat)
INRVBUNERGEFIZT—ROB/MNEETTEMTLE, KAXNTHEZ LD,
OE, (x,t) e OE, (x,t)

J1(0) = qup, () E, (x,1) + uE,, (X) o ot (5)
Ihia7—) BT 5L,
OE (x,0) .
J (@) =qup, (x)E, (x,0)+ cuE,, (x)a— +iweE, (x,) (6)
X
ZIT, Bt OREZEZDLE, (DO)ABRHFELND,
1
Edc(x)zztﬁx2 (7)
1
pu(y= 23 (8)
qt, 1
(MNOXZ@RICRAT L E, OXBRHELND,
1 1
J, (o) :gtﬁx 2E (x,0)+ 28;/3 x? 8Eléx, @) +iweE, (x, ) (9)
X

t t

Ihr Edx, o) l2OWTHEL &

_J(@) _\/Z % B —iot, %
E (x,0) = - {1 ia)t,x {1 exp(—\/g X JH (10)

Ko TH/NEEREZIX

V(@)= IEl(x,w)dx = Jila()f) {d 2d —Zd{

it

lt }2{1—exp(—ia)z‘, )}} (11)

t t



O=wte T IEX, BUMERFIZHRIT DT RI X AL Yi=J/Vi LV,

3
v0) =] — o - (2)
t,d\ 2i{l —exp(-i0)}+20-i6
(12X Lo, avFr 22T T RIT,
Y, =G, + B, (13)
G, = g? 6 —sin @ (14)

) 2
(0-sin @) +[02+ cos@—lj

2
3 — +cosf—1
B —oc, =57 2 (15)

6 , 62 2
(0 —sin @) + 7+cos0—1

Td D, single injection DA OEAM X R-C A AT /2D Z B0 5D,
Zhi. IS HIE L vikiE L, ITO/F8/LiF/Cal/Al Ak EL £ DRt L X W EE
JELLFIZR T 25 MEE & B< —H3T 25K 1) [7). 22T g=9¢ v Vo/4d3 131857
A E B R IEot)ITETATHD, EROBENS, BABEMEELEL TIC
BT 2EMEEERICIBEEDOERNPETENTNDL I ERDND,

(1R LY, 2T XA FXx XX AOBEBFEERRT S &
B 2 oL D, mEEE» AREEEkICm o T, ¥ 2 AT WML,
Xy RN FAFBOLTNDZ ERGND, ThiE, MUNEREGFERFICEIDEAS
Nlx v VT X DM EMPNRZREEICERICITBRETE T, BRI E
NWRELDEZNLTHD, BAEBRICBNTIE, HAXSY U 7TIX, KHEBRICTEBHET
9. 12 AW oOMICRMEBEMICEET DI ENTERNED, BAFENIES
nNs, ary27 2 2 CEALTYH, FFEOHEBIZE D E(ERECTND, ThEE
17 W 20 3 (transit-time effect) & BE.5[26],

0.6 &

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
10° 10° 10° 107 10° 10° 10°

ot (rad) ot (rad)

K2 H—EMmiEAEEO@a 27202, (b)F ¥ /83 % 20 W5

1
107

- A BEE
FHBMEELEU LICHBT 5 F8 HEMEFAKEL £+ 271y b &K 3@l
T, AR (K 3D FHEMNRIE) B\ THFER DSBS =2(7,8,101, Zh
(2 K0 FE LB E R R DL b oo S A [m] 8 VEORS Y BRI EE R DA T 0 S A (8] 8 12 A R 4y &
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F4 o0 R-L BIIRLS & W HI2 iz, 3)D X HICRE LT, 3(a) 3z
MTRT X DI, 3IMMERDTI-A L E—F L AT ERE R LB —FHT Lk

RN R
’ 1-|'T<'3/|1'8i5'7 nmyLFCaial ] jl IL b
: . ) aPpIie1c12.chbias : RS
—~ L —— fitted result I I
c [ . ]
i60.5 i 1 1 I I I
o : ] Co
£ . ]
o A L]
o Tes s 1
Re[Z] (kQ)

(a) (b)
X3 ITO/F8/LiF/Ca/AlF#ELEF+ DR XEMEEEU LIBT3

(a)Z plot. (W)ZEMHEIE. ()F O FEBRITOI R TEMEKEIZ LD 7 4 v
T4 TR R
FEABMELL ETIE, A ELF 0o RBAEDRBHINATZD, HIEANEL T
Ao RETICIZ. BERERE. BHOR., ATV roR., BEFGEEORE HV., IEEE
TR L O N O TF/E 2 A L 7-[(26,27], T O #E 5.

Y, 1. ! ! +2ja)CO+ ! (16)

n
“ R{1+3[®ﬂ Rorjerk, 8 4[TJRO+4 jw[TjTRO

4\ 7 3.0 9 ®
ROEBFZBAOT FIFZ U ARNEONTZ, 22T, cIIHEHEAEM. ReVo/l X ETRE
BT 2B, O=8RoCo/2 TH 5, ERix, FEBRIC I Y E LXK 3(b) D %A
LR —HT5, EXZERBRIC-HIELLICLY FHEARERZRET S
ZENHRTH D,

K 3MDA L H T HZ ARSI, HBREGHENRES 2D LWL, B HEE
DNEL el BT 5[10,28], FEHE LD ATLAS #flVizv I ab—va itk
¥, Langevin HfiAZIRELTH, 2DV F 7 X AESIEBRE SRR
Do P T, AV HE I XU ARG ORE ST, BREAEHE EBELRBEEIHY ., A
WELRTTA U EITEZ ARG BBHAINDENENT, v VT AT ZABEN
TWEDEPOREIZLRDDOTIE RN ER-STND,

X 1(c), 3D LI REMAIEARECTCENIE, BreBaribsgtkic, &
DX TEMEBIEE ORI NENT DN, HDEIOIE, FFLWOWRERE R ERERSINLD
MR EOMRAEGDZENTESL, ZRIZLY, FTHNOLILEFTEZRIET S Z &
MNAEE & 72D,

4. BN

ISHEICX 2B ERELEE L X, ETRMOIRICE T T2 208 E
R LN DBKIED B ETRR Z Rk 25 51k, PPV 58 EL F1 2BV CT#HE
ShTnasbI[5,6], ZOBBEFMELZMM L0, Fax N8 L-BENE ML
IZDOWNW T35,



ETRHENRICE LT X ZAOWMKENL O OBB) ERFE (-A Bk [5,6]
single injection &7 /L {2 BT

~AB=0(C,~C,,) 17

O JE W B R 2 (1) 2 W THRRT 2 & @)Dk HICRD, T TRHIEAE
B AT A BB & 72 2 JA BB L BT & ORI IX

t, =0.72f (18)
DR HL DT A =X ARELY  -A BOEEEFEZ 72y b3l
ETERR (Tabb, BEIE) 2HHT LN TE D,

ETRHENRIC LD a7 2 2B 6 OBBIERIIE (o A GHE) [29]
ETRMDRITIF Y N F AT TR, aryF 72022685 DT,
INEFHLTCBEELHET 52 LN TE S, single injection £ 7 /LIZEB W T

®AG = alG, - Gyy.,)) (19)

D JE W R A QDR 2 N TRRT 2 & 4b)D X HIT72 %, B bARE B T
w A GIRR & 72 % AW E & EATRER & ORI

t, 20481 (20)
@F%Hb)é?)é@f iﬁﬁﬂ#ﬁﬁ%/ﬁmb %z@g;%:%tm#é kﬁxf%é

S}
D fma ~0. 72tt ( ) = fma ~0. 48t1 (b)
104l a o
g o'k
Q 0
ok o
) % 10°
1l 6 =
m 10
| | 1 <107 1 | |
10° 10* 10° 10° E 10° 10* 10° 10°
Frequency (Hz) Frequency (Hz)

K4 H—EEAEEICB T @ -ABBLXO (b) o A GO JE R E R

FilRd>-A B, o A GIETIE, single injection &7 /L [(14), (15)X ] — LD
M)A AR E LTWnD, L, AEEER~OEMTHEAN A —2%ETHDHE
A BT 7 <. HEARBERH 2560 K Th D, Zim. AHEEEER~OEAB
BIZIIEARARAZE ZANRE 30l 2B IK, K&t T —~ & 2 5723, Schottky
ﬁl@@]\iﬂ&%ﬂiﬁb BEEREICRSIT DIEARBBEDO LB T, %@
i CEWTITEAERENK 0.2 eV L0 K& 225 & EITHRZ R
@ﬁﬁi))éﬁ{ﬁﬂ N7 D0, o AGIZEBWTIEN 0.4eV £ TEITREMZIRIC
MKENBI SN, o T, " ABELV bFAPVIEELE 0 A GIED TN, ot @
HEARREDFBELZZITIC L, ERL2BEEFMICET 52 &N bhd,

A TISHEEIT 7= F8IZBW T, -AB, o AG DM Z 7228,
-ABIZE =73 RWEE R o7z, ZORKIE, EAREEN 0.4 eV LY RE N
EMEREEZLND, PPV TRENEZ X DI, ?‘i)\ﬁ%%%bﬁttﬁiéﬁd\éf@ﬁ% EL
FL T, - ABORBEBEEIKTENOBEEZRET 5 Z N T, SRR DB
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DAL ed, LML, BoNEBBEREFICLDI O, EAICEIDZHONE
ISHIENS TIFHETCERWERIICETFA YY) —F 1, EAA Y —F T+ CTE
EAOBEBEZFHRITEBIMLELRH D) .

R oBEIEREOHBHERIL, Ty T7TORVWE-EMEAKETHL, 2
D=, b7y THREFEET L EXA8)., QOICL > TEBEHENFMTE 21 E H D0
IBR L CTBSMERND DL, BllwmhCERIMm LT N7 v TR d D56 O — &
HEAREOT RIZ A FRATEHEZLND [31), 2B, 22 CIHEBTFOEAZE X
TWAHR, EFICE L THRBEORER 2D,

e LT (v o
- kzk+3r((//+k+2)\5J(18) (21)

ZIZTOGEot)lTETA. RITEARRICET2EATHY, ®RATEZ LN D,

_4 4
9 gouyV,.S

IIT SEFEFEHM, pw IWHENBBETHDL, Y ST NT v TITHT 58
ZA=ZTHY, KATHEZ LN D,

Y (E)
{ j (E) } (23)

_ £y (E) Y. (E)
w(w)—{n jEv—%(E)deEHH e )dE} (24)

Z 2 Cpl=vexpl-(B-B) kT X = % VX — YN E \ZIFET D b7 v 7 OB R,
7 [=N{E)SAE) vin)Ix = VX — (L EIZFET D N7 v 7T OMME, E, B iTEN
EIARER T, E T8 B CTh v K24 %47 (Lowest Unoccupied Molecular
Orbital: LUMO) & £ OV & #% 5 % 7 (Highest Occupied Molecular Orbital:
HOMO)IZXHET 5, U=SNeS«(E)ve) IZBERLE B4, NAEIX N T v 7554, Ne i3
VORISR D HNIRREE L, S( BTN mAE, valdX ¥ VT OBEE TH 5,
BHBEE A LI N7 v 7% 0E L, FEIRE 150K 725 T00K £ TEb S H 7 &
A HMBIRT IRy NV H A, A BT ADE BB AL LN TE
oo BEMEERENMEWE ST N T v 7R 2 0WEA L EHUZRIES BV 2 RT3, FEE
ERPEREL BT/ 2 EHERRIHEEIIRON R 2D, M50 HRKRD7-A B,
o AG OEBEBEAEEZK 61277, K 6 FICITMAMEzE L+ 2 &t KX((18),
QONBLROIEBBEILIR) 7 MBI THL L2 RT I LR TERI33], E- T,
DHLE DTy TR THLBHEDOHEN-ABE, 0o AGIEICXVITZDZ
EW o T,

(22)
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M6 EHEBBEORELEMEZEREL-E—EMIABED(A)-ABBLY (b)wAG
D E KRB

5. b7 v Z5AiE

FREREN RES D L 5MMLHL Ny REKICRDITEF v X
B AFREL LY, a v F 72 AFTNEL 2D, ZhiX, bT7 v FICET 51
WS ORI SN TEY ., ZALORBEEMN T2 LI0ED Ty
THHNREHTELZL2EHRL TWD,

RE S, 4< 1., Tk, QORXOE -HRIEMIZRL([32], kv, b7
v T oA,

N (E,) = 2w 2R.G(w)—-1 s (25)
S S, kT | (2R,0C()) +(2R,G(w) —1)

oRAN AT S

2Rw 0 o’ C(w)
N (E,)) = L (26)
(o) Smjﬂﬁm{@&mxmf+@&GW}4f}

THxbBND, B,
E —E,=kT'n(v/w)

Thd, BEHFETE2H)26)XDOZYBHEEZGHR L LA, (26000 A3 (25)RT
NI R VX—GRENE N EB oz, Thbb, KN LI-EEND
FEPEIREE N (25) T 7. (26) XTI T/2 LA B/ O IEMEICRIMI C& 5 2 L3 RE T2,
T, TEHWMERETHS, K5 06 25)RA, 260X EHWTHEAELEMEREZK
TIZRLTEL, QORIT=RX VX —SENE NS DDT —F O BAEN VB
T, ZHCE, D LBENT 7=y 7 BN ETH D, K., QB)RITHENESIC
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6. BHVIZ

HHE EL £ 17 O%AMEI# 23 . single injection 7 /L3 L OEIEAE T LA TX
HZE e,

single injection €7 L DOMNTO IS WEIC X 2B EERGE L LTI, -ABIE
DMEINTELEN, FiILlCo AGEZRE L, ZNOL0BEENMEDOFKE
R L7 2 A, 0o AGIEE., -ABIEIZHNEAREBEE DR L Z T2 <, EM7
BEEZETCEDLZENghotz, 72, P77 0Mb IS ICLVFMTE S
ZEmRLTZ,

IS [ IEMkEMRE CH LD, A EL RFOHLBRBRELEWNT HZ ENTE D,
EMEIE OZA, BEEOLEN., NT v T oAl EOBRIC LD BN R X
., FrEmP—BELmETsZ EnHREIND,

e
KBFF & =K B 720 T fE AL 2 A A R A0 72 Lk . A0 — 351X
AASHRIRRS BEERHNEO DBIZ V720,
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