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Watanabe, Chem. Rev. 113, 8783-8839 (2013). L ¥, Z D%

Chemical Reviews % Front cover (28 S L7z,
FHOWEE & BRE R & BT 2 7o DICABRIC HEE
Thsd, LML IHE TITERCHERFIRIC L AR08 0
Thbv., EMBEOXREY IR 2 ZERAVIZHR A~ 258X
FEAERDoT,

T DKEME) PDFEHTEDOL IR I N D)%
PR 572010, BREZ - KR FEFEBE 2R L, [R5
ZHTFA A AGIEIZ L BJRT -« 43 T OREESRIR R H ) < TR
SO AT K D FRE R DZ OB 2B 2725 Z LT,
R O K R FEE 72 & Tl O R B b= e (WA | 8.
LB, A Vs ) #R6NCLTER (K 2),

LT, MOBHFHEEDLVWILETHLKRFE L, KEHED
FEDTHDKICER L, [TEIALT 7 2AKEEKFEORETH
R (B AR - AV ) 3. KRR R
M FETOKERBOER WEEL) [TRENRER %
Ried) ZEERLTE,

http://www.hamalab.c.u-tokyo.ac.jp/
gk
HEHIR PIREHh
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(2) HROMEFROEMRICHEIT-RERFEORRE

Atk DHER DKL) & T4 2 72 DI IR i |

TT YNV E WS MR ME ORI FEBET D LN
WIHE 2%, T2 & 2P OEO R H W EA L 2R R & BRfg 4
L7, RR]JEFCRENE (B FF) ofrdba2 &
DUBERAIRCTHD, LLIEROHE PRz~ v 7Z
T 4 —EEOITOE MR L) TSI CH D20,
ERREORERIS % OEBH T2 Z LN TE Dol
% Z IR TR SR RN 53 Yk & AV T2 FEBR R O B
REITV (K3), WOED s F 75 GEORMEE > A
W) ORNART M EAZTEEFRET DI EITHRIIL,

B3 AREEFRFRI RIS KB L DA v R A D
BEOWE DT

HEORE TR E HIFEICDEDE LI RFRETH D Z &M
DT,

FLEESLULS
1) TEREMIZHITSIEEEL] ROAKEDEH, 2016, 126-127, AR ENE. HEME
2) T. Hama, and N. Watanabe, "Surface Processes on Interstellar Amorphous Solid Water: Adsorption, Diffusion,

Tunneling Reactions, and Nuclear-Spin Conversion" Chemical Reviews 113, 8783-8839 (2013).
FLRFRERXI

SN

) Absolute Absorption Cross Section and Orientation of Dangling OH Bonds in Water Ice, The Astrophysical Journal
Letters, 923, L3 (8pp) (2021).

2) Quantitative Anisotropic Analysis of Molecular Orientation in Amorphous N20 at 6 K by Infrared Multiple-Angle
Incidence Resolution Spectrometry, The Journal of Physical Chemistry Letters, 11, 7857—7866 (2020).

3) Probing the Molecular Structure and Orientation of the Leaf Surface of Brassica oleracea L. by Polarization
Modulation-Infrared Reflection-Absorption Spectroscopy, Plant and Cell Physiology 60, 1567-1580 (2019).

4) The Ortho-to-para Ratio of Water Molecules Desorbed from Ice Made from Para-water Monomers at 11 K, The
Astrophysical Journal Letters 857, L13 (6pp) (2018).

5) Fast Crystalline Ice Formation at Extremely Low Temperature through Water/Neon Matrix Sublimation, Pysical

Chemistry Chemical Physics 19, 17677-17684 (2017).

&

Statistical Ortho-to-para Ratio of Water Desorbed from Ice at 10 Kelvin, Science 351, 65-67 (2016).

~
~

Quantum Tunneling Observed without Its Characteristic Large Kinetic Isotope Effects, Proceedings of the National

Academy of Sciences of the United States of America 112, 7438-7443 (2015).

s~ —

WFRIF AR =Y Rfzl, TIELEITWT, B TR THRWEZDHEASITbY A, HDEMIIZNLT
H72 ) DEEEZEZ D, ZODIZERLHAE LB 20V, 2 bR ROBEREZIE L BRI 2 72DICMET 25,
ZORBAS RSN OXETIIBAD ZENTEE Ao FAEDHRRS AT ZOMFEFLIZT THEETIZ, B
LEIRADWIERIEER DL, FOREZEATHTLZS Y, o EHLWEARH 51T TT,

MEZEDA/IN—

B 1 4, FHEBVEL 4. B L3R A 44, E 4% (205 BAVBIHMEL 140) (2022 4E)



Chemistry

Ef - E

DFEHCRS REMRA-FYE O - R

T —Zd% -+ JRPETIZ STRRAD - Bl E1 B - iR

3 H CEB IR ISR & 7R 250 13 A FHNCRRIF Lo T2
HEZ T 5HR T, BARARTIIDNA O “EHHEADE
RS R B OP Y ol AR A, MR 2 TR S iE
HOEHB R ERDHY, AL XA DBR T, £, A
TN b FHCESZFIN LT, R b ER & TIafE
L2 ENNERMENHE SN THET, 20X 510 FA
CHEAIT. EMRPOANLRE TYHEB R E XA D8R L L
TIRSFHA SN TOETR, DRLRNI ERORIERITE
RN EBRILS Y £, E - WAEETIE, oFHEC
BT SNV AR RVEOIEIITHR Y #A TV E T,

SFIFF: van der Waals AZEEELLT

van der Waals (vaW) 7113 & @ 2 JR 1040 712 @ i L2 8
<BIMIMEER T, {LEREEOFTRLFH FHELZ L
W, HEADO L TN AT EBARNEETY, vdw
TNEEEBEDSTRIZ I BT 2 78 | JRT-000 T3 HE L7 RE7E
. BB 1R F9, T, ST EEICEAS DY
DR TERWVERESRSI 1LY T HCESIZFIA
TELAMEMEEZ R L TCWET, ZOBEXHIL, w7 migfithi
T, NEE) LRI D AMITE Y AL A2 AN THAE D
DL T 20 Z b FEREEELEHRTE
EEPTCnET, HTotRTE NEE) 27 VA1 il
BRANZ ) TG > TRIFHEIEZED LW H B XN, T4
FIEE] T, BB, HEOBE LEYTE2T YAV - &
L. ZNEAKIZEDT & BKZHRIZ LV 2nmDSr ik (F
)% a—7) RERMICHA ERD - & 25 LE L7-(KA),
F )X a2—T DI, BTRWEHRE> THELNDI DT HT
BB L, A7 TERVIAL EHTFS T ORE
IO, EMAETHL, BOBH ORI ZEMREE LT2AELL
EH B ST EMSe, FAUTSE L TREEE A B EE
D Ferth—L LTHEET A Z b £ LT,

S FEEREORERN

SFHOER LV BENTILAM LN TV DIC B b LT,
BENT 47Ty 7R E DR THRFHIEA~ED D)2
LS TR BT 2 BRI SR DA TV ER AT L

(X1 B), #A%MIA & FHEe K & 72 RBEIT B CEA OB T
WCAERT DR EZEI CE RN & TF, Fxld, HOHE
BOFER EEBRORBSEER L, BHEMICTEEOER
Z18 58 F7E (QASAP: Quantitative Analysis of Self-Assembly
Process) & #FLE T L &M o 72 fifHT 15 (NASAP: Numerical
Analysisof Self-Assembly Process) #BA¥ L% L7z, ZHNE T,
20 fEFHLL Eoo B CAEBMESEA DS A iR L, ELT 4
CITR sy TSRO OIS, £ H OESOLRMF LR
FFIERR ORI BT 2 BRI & /1 B CEAHIE O I
JFELOMRINZEL Y A THET,

RERMTEONFEHCES

%< D4 B CEARITE) 2 THEIT L, (B2 RN
BICHEELET, —F, #THCEGZEERTa Y ha—
NTEDE, BIVFEECIIARARER Z L Ak X 7,
BIVELFR TR D EEREARPEL L, £2TOERYO
ERIEAR VY < oA LET, HERE T, KL
ERESERERNVY < U BAU EICERTD Z 8 b, ERE
iz FAERMIcT A2 b TEET (K C), EEMIALETH
FCHIT DITILE O 7 R EBIR O BN LB C, oz 13#%
BEIRO 12D O— I FIEORREEIT > TV ET, BU)¥HEL
TIXR R A CESICEFREOBRER N O R D Z MM EC
EENRHY T, . 2 E CEGHSEREERT 5 —
FEERTE L, TOWREEEEL TWET,

SFEHEBEERICE GBS FRERDRIH

WRTFOSTECESTT TR, bz L 2 ERIREE
DL B CEAICET 2R BITRoTET, R E
FRALZE CIEAM & B B < 720474 2 A b (RS &)
TN, BRERZ I LTS 75 oMM AERIC
Ko TENOREEERE RSB THEMmESED Z LN TE
F9, BlIE, AR P LTHMONE Y v R[47T LV
— v e RRTIREEDE/ALT D L. ENOR ST
HEEHATHAG S TOBA FREPELND Z 2RI LT
WET (X D), AWAHRERZOEROCUEEEX D L. &
JBAHEHEER  (Metal Organic Frameworks : MOF) o447 #5 &
A HEREIR  (Covaent Organic Frameworks: COF) @ X 9 72,
MILZFF OB TR DAL ZENTEET, ZDLHITL
THOLNDESFREMIT, BIKEER L R D0 FOWEZHNT
BUT-RRE L FF R EARIE NS ST —9 5 2 LT WA
THIMOARE TITE S WRER B SR B9 5 ATREEN
HYFET, TOTHBE, B LB S T OMAE D3
L. ZORRRECHEH AT REMIEZ B 5 LT
WET,

http://hiraoka.c.u-tokyo.ac.jp/

EAR Sk
#i® FRF— 16 BHE525B B5=E 5454-6595
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BRIZBITA7 FRBEBCEEDRE 5 FHHAEER (Y/1IU R4, 2017)

RIEDELRERX

1) Navigated Self-assembly of a Pd.L, Cage by Modulation of an Energy Landscape under Kinetic Control T. Tateishi,
S. Takahashi, A. Okazawa, V. Marti-Centelles, J. Wang, T. Kojima, P. L. Lusby*, H. Sato, and S. Hiraoka*, J. Am.
Chem. Soc. 141, 19669 - 19676 (2019).

2) Bifurcation of Self-assembly Pathways to Sheet or Cage Controlled by Kinetic Template Effect. L. H. Foianesi-
Takeshige, S. Takahashi, T. Tateishi, R. Sekine, A.i Okazawa, W. Zhu, T. Kojima, K. Harano, E. Nakamura, H. Sato,
and S. Hiraoka*, Commun. Chem. 2, 128 (2019).

3) Supramolecular Fluorescence Sensor for Liquefied Petroleum Gas. Y.-Y. Zhan, J. Liao, M. Kajita, T. Kojima, S.
Takahashi, T. Takaya, K. lwata, and S. Hiraoka*, Commun. Chem. 2, 107 (2019).

4) Polarizability and Isotope Effects on Dispersion Interactions in Water. Y.-Y. Zhan, Q.-C. Jiang, K. Ishii, T. Koide, T.
Kojima, S. Takahashi, M. Tachikawa, S. Uchiyama, and S. Hiraoka*, Commun. Chem. 2, 141, (2019).

5) Temperature-Controlled Repeatable Scrambling and Induced-fit Self-Sorting of Building Blocks Between Cubic
Assemblies. Y.-Y. Zhan, T. Kojima, K. Ishii, S. Takahashi, Y. Haketa, H. Maeda, S. Uchiyama, and S. Hiraoka*,
Nature Commun. 10, 1440 (2019).

6) Self-assembly Process of a Quadruply Interlocked Palladium Cage. T. Tateishi, Y. Yasutake, T. Kojima, S.
Takahashi, and S. Hiraoka*, Commun. Chem. 2. 25 (2019).

7) Self-assembly Processes of Octahedron-shaped PdsL4 Cages. S. Komine, S. Takahashi, T. Kojima, H. Sato, and
S. Hiraoka*, J. Am. Chem. Soc. 141, 3178 — 3186 (2019).

8) Induced-fit Expansion and Contraction of a Self-assembled Nanocube Finely Responding to Neutral and Anionic
Guests. Y.-Y. Zhan, T. Kojima, T. Nakamura, T. Takahashi, S. Takahashi, Y. Haketa, Y. Shoji, H. Maeda, T.
Fukushima, and S. Hiraoka*, Nature Commun. 9, 4530 (2018).
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BAE O & B 7 SO E 2 1, B x B IRBRE (BEAL EAL DB,
W, fiit7e ) ko TEZbBNTWET, LirL, £<
OEEMEHL, Sl 72 FERC KEDO = RV F—2HE L TH
BENTEY, TOARMPIEITIIREREEPRME L T
WET, M1TICRT LI, YFREETIE, Moy 7 b
RAEGAMAF Y (RVAFIAX L= T =4 Y) %
EEFL 0Bl I b2 ERE b L TSR EZ ST 5 &
w9\%/NV47DX%FWV£6WEMﬁ%%@Hﬂ®
BlZ HIE L CWET, BUFICHRIEDIIFERE Z BN LET.,

/‘I'\'J7f:FJ>(’>7I/ l\ POM)

. (ﬁj_?,—&; DFEDF A EEBAA> /RUT—
B

7 2% OH
O

1) M‘y

0 5: [PW 50403 {5 [Crs0(00CH)¢(H,0)5]* ) \ fil:K*, polyethylene glycol

B - U X - it
EEU_? BFEE - HFE

=RV -]

~ASH—H—

>t

ZIEA AR

X 1. WroeEE.
R)AFYAIL—REE
RUAXRYAZL— MK, T /A XOT =F MO S
By s 7 A% —TF, BlzE, yABAA L TR
T URA A E BRI KSR TR S/ D A RIRR B 2

D, xRy ak
v 7 A T — b
[SiW ,04]* 23 42 B L E
T (M2), R AFxY
AXL— NOFE L
T, OV 1 X, k.,
BT A ISR TE
L. @MERkotsED—H
ZRFLH CEMRTE
%, @ZEABLRITCSOSHETT D, 2 ENFT b, fit
W EMERCE TR E LIRSSt STV ET,

K2, r¥ o8y ag s s2T
— NSiW O]t Do 1A, k.,
SREOERIZ, W, Si 2R

SHMAA U REROHEE

BB TR A XY AL V— b, DTHEATFH L, &
BA AR v — LT D L A A VRBBELNE
Fo A A URERR OISR ARG L TE UL (=L
A A AR . T TD D ARA A OWAE - Bk - B L
20 AET, FIZIE. KFNDE T AL A LIS
RANZWAE L, BEHEE > 7 AREDET LG L7210 9
HAF Ut MILNICEALIZRY v —Zizbo>T7m b
¥ BB D EREREM AT O THET (K3),

3. ZAVEA A o fEL ORERE

http://park.itc.u-tokyo.ac.jp/suchida/
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EHE WA S 16 BEES0IBEE
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R, BB OEF—7 L LTA FUfiicE R LT
D EBNET D2 OA A RGO ILNE) < BB
FOWFE - IEHEICAERITH D Z k. O T v v 7125
UT-FEREZ SRR - FEMMb bR 5228, @RV A%
A B L— NT =4 ORI IED LT R LE eI M 72 2 7L
EMECEL L, RE MFOZAMEMEHIIE R WRER &
R LooH505TY,

R - SRR REHIl1E

EROBILNEA A RIS B ZIER) T,
R4 \ORT RS OHANC L 0 | WS OH72 5T, Bk
T TELT 7 AEARRA VG L. xR IEORE

EQMINCRIT S 2 L bHELTOET, 4 PRIEREIIR R - SRR,

AN EE

2016 FE{EL) “Keggin HARVEERAWV-Z L MAF U HEROBIM MR

2016 EEUEL) “RIUT—EH Preyssler RYBRICKDEME IO AZEADR|R”
2016 FE(EL) “LEVIRBLAMAAUHERICEIHBDETHEN"

2016 FECEL) “SRKBILTIVIZY LAF U ERIBRAELIZBMM T S HADRR”
2016 FEFEL) “ZHMAAUERODTFAUOBET O AREHEE"

BEDREERX(AREEDI-FEICTR)

4)

9)

6)

Yuki Kinoshita et al., “Highly pH-Dependent Facile-Preparation of Amorphous High Surface Area Aluminum
Hydroxide-Bicarbonates with [AI1304(OH)24(H20)12]7+”, Chem. Lett., in press (2018).
Kazuma Niinomi, Satoru Miyazawa et al., “High Proton Conduction in Crystalline Composites Based on

Preyssler-type Polyoxometalates and Polymers under Non-humidified or Humidified Conditions”, Inorg. Chem., 56,
15187 (2017).

Reina Hosono et al., “Proton Conduction in Alkali Metal lon-Exchanged Porous lonic Crystals”, Phys. Chem. Chem.
Phys., 19, 29077 (2017). (ARERMNBERMRLL TRE-BWMShFELE)

Ryosuke Kawahara et al., “Synergetic Effect in Heterogeneous Acid Catalysis by a Porous lonic Crystal Based on
Al(Il)-Salphen and Polyoxometalate", Dalton Trans., 46, 3105 (2017).

Saori_Seino et al., “Reduction-Induced Highly Selective Uptake of Cs® by an lonic Crystal based on
Silicododecamolybdates", Angew. Chem. Int. Ed., 55, 3987 (2016).

Kosuke Mizuno, Takuto Mura et al., “Control of Polymorphisms and Functions in All-Inorganic lonic Crystals Based

on Polyaluminum Hydroxide and Polyoxometalates”, Cryst. Growth Des., 16, 4968 (2016).
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AEAUTWETN, ELIRERE T F TIZ, IR Z LT IR B CE 5 L2 IZ#ED Z DAL —)L
T, 2018 AL FAERA /=T, M224, ML 244, B4 (OMIF) 240 (Zoflic, 5 AESCILFEIFEE D4
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PFERETNARIE

TATHIT, BIIRETIE, S age LT, Iy
B7e (BT, BT TR T TH) RITCHEAz s
L2 B2 D TV E T, 0 HEFIE, i 27— &
HIhE7 (A =0.1nm) A7 — VOBREFIEIERLZ L
R ThET, £, TRENE LT OERE T,
FOHEEDH B IZZABRENEERE T,
DT A — IV OBIR A O THAZ & - T

Concept

FANEF oL A= 0.1 nm) S CFEE > TOET, E
E (JRFOXKE - KM PSEPIICTFELTHET, 20
Kz RO T, RNEEE LY, X, SFOMEERE
LT FER, BRENTHWET, & 2E, 2%k
OB BV T, MO TIIRMRZ R L.
FORR, FEEREG OFRARE L EFICOEBT 52 &
NbroTWET (TH), 20 2WIITHEMIL. 92 0. 7 nm
DEHRT, EATT, ZoHTAEHERE. BBHT A7
A B IR KR EBERF~OREANHEF S TOET,

B FEMAORSESE L LT, SFBENMLNTVE
T, BFOHLFE (KF—) L%0F (TS ¥—) 04
THRAZEEICERSZ T, BN UICERBME A LT o
F9, ZOBEIHEESFICBW T AL AN b TnWET,
COMEILRET D L. T BT A X (BEmE) ©
BB REICBNTYH, BTBEHAEERZBECEZ
ITT, INETIZ, BT A ADOLNEH 2 T 8% - 7
VURZIZH LT, O EFEER ST, BEORFEER
EATRoTCWET, 72& 2T, EEME L LT 2RkonyEk
IO, Rk M AR SRR, PSR NE
DETRE ZRGICENTE DT B> THET (TH),
T ORINTZERE, GRS SRR E A~ & K&
b AR L, 2RI H T3 AT OB TS,

M E CHHT A Z LITHEL L, (LS BFOR
W LOREER BT, ZO5FRAED nm 27—
OFAF EFHRE TN 2 T, TR 70 24 % @t
TR, FicflE WEmE) — R
Dol Ly (BFT /A R) BWELHELDT
IFennEBZ, MEEEDTHET,
EPE, ML EFEE LT, HT0
HEELIMHIERZ L TOWET, HFFEAHE

Bright 2D semiconductor

/\

Molecular doping of 2D Material

HERZTHMHETT, (LFE2EAZFITIEEI
Yehrdr s D7) LTINS M8 C
T, AR HARERERIE 7 T, nm A —
DG FIXEIZEE O T EAEERZ LT
F9, Wo T, A THEMAEERZTR T 2/
FFE, BARRICB T DL TV TT, 2L
ZAE, FMRE 2R L TV D FRIF RS
BT EDT —NT 4 7L BoTie
FERNT DL THEMEEBG~OBENEA
TVWET, T TREARZ LT, HBLTHDIH
TIE, A0TSR E S > THEEMREZ LT
WHEWHZETT, DED, nm AT L LW D NS AR RE
<, [FEFkAE] ARfo TV ET,

B FALFITIBIT D nn 27— /L OFBIREEIE, T & L
THYAWTT, BEmE (Fl X ) av ke y) oL,

2D semiconductor
M. Amani, et al. Science 2015.

Molecule

10.7 nm

Air-stable 2D transistor
D. Kiriya et al. J. Am. Chem. Soc. 2014.

(L) 37 (BH) &2 Ru(2D)EHMBOREDISA S, (FE) 9F& 2D
FEROEA(CKDBEFRENAIFIHE(Cal DFICHILTVD). (TH) DFES
& U1z 2D #EHR NS DY DR, BFREZRE < LI D LN HIEE,
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BREWEG T, SOICETRED L& (BE1EAR)
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BEEM EORTHOREBHEI B, W - T34
AWENIZ BT, BRIV T, AT, 2 IR
ELTHWAZ ELTEZDT, HIRZR & o TEI &Mk
DEVOLETT, FEROBTUNERLET TH %< LT,
NTOFAE, REZFREEEZHMODTVD ES2ET,

BFT/\MRICBEHMEEE5Z 5,

oy TALFIE, AR ORIRN 2B G % 7 5 #0857,
ENEETTNAANLREET DL, EEYOITMEREHL
T2EBFT A RS (1XT7F) EExTCWET, ERTHE
MEZMEF U AT ATT DT, BREBR AL =2 T NA A L~
BbT 22 &, BT LW E BbivEd, 72721,
FELLOBERE & FF o 7o AL OB 2 I A B BT N
A A LA Te Z L 1L, BEL S ARERIZT T, D

X, BT A AZARENREEREEE AT Z L 2R
BLT, MEEEDTNET, Rill, MOk aez
2B SN DR ESETOET, FIE, 2 koo BN
mAHCES T, BoAES Sy, TihE ) IEHRT
XZHTT, MiTiF, EFT A AOFEHHTH S P AL
N B OYEROESHEE PNHEE) &, [ BB ESITIE R
TEDLAREMELTRBEINTWET, 5%, MiENICBT S
74— RNy RS, L0 R aERE Th o I L
EL I3 & smoke] 2MERE 7 /3 A THELS
HZLEARBICIEA TWET, IEIERFHRSE (B3,
WER, W), B LT, EWRTRE) 2BV T, HHRIZEA
L. R L DT 4 Ah v a2 ENRD I LT, HEE~L
DLTHIEDETNWEEZXTWET, FEAX— T4 1C
Noln b TAROT, ZHRAZ BRSO FITEORBFENT <
72EN,

1) HANE, BREX REFBFEEKRESFHHEEMORMEREEIL”, #F, vol.70, No.10, pp.721-726 (2021).
2) AKX RAADE BULBICKIEB-HRIEEIITTUICEBIHFEZ74 LRy XIEHRI(ICEET TR, HREEET £,

vol.74, no.5, pp.1-7 (2021).

3) —EKkD, 2REYBELICETIEFRF—ESFORBEREREBOMEE", LFLETI/0-F/ORTLEREE

vol.18, no.1, pp.46-47 (2019).
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1) K. Matsuyama, et al.,, "Metallic transport in monolayer and multilayer molybdenum disulfides by molecular

surface-charge transfer doping”, ACS Appl. Mater. Interfaces, 14, 8163-8170 (2022).

2) Y. Yamada, et al, "Ultralarge Photoluminescence Enhancement of Monolayer Molybdenum Disulfide by

Spontaneous Superacid Nanolayer Formation" ACS Appl. Mater. Interfaces, 13, 25280-25289 (2021).

3) H. Ichimiya, et al., "Electronic Structure Mosaicity of Monolayer Transition Metal Dichalcogenides by Spontaneous

Pattern Formation of Donor Molecules", ACS Appl. Mater. Interfaces, 11, 15922-15926 (2019).

4) W. Gao, et al., "Flexible Electronics Toward Wearable Sensing", Acc. Chem. Res., 52, 523-533. (2019).

5) H. Ichimiya, et al., "Tuning Transition-Metal Dichalcogenide Field-Effect-Transistor by Spontaneous Pattern

Formation of an Ultrathin Molecular Dopant Film", ACS NANO, 12, 10123-10129 (2018).

6) M. Amani, et al., "Near-Unity Photoluminescence Quantum Yield in MoS,", Science, 350, 1065-1068 (2015).
ARE. BRCREZUZFAT 1 7ZBRCH U THREET D, —BORES —LAIREBVET, ERAFNTE. %
EREDMHEHC, REZ—DIDBEEL TOEFET, FAZEDMARTE, (EEDPETFITFRE, BHOFRNE
ZHRALUT, ZHENSKEIEEZIR DT T . S (HHHMEFEOBD FHLFZODNTF CTHIZES U TH D FIA 2012
FENSD 1 0 FHITEIEFROWRDE CHEZEDFE LIz, 2022 FEC—HEICHARZEDDFEE AL EF
TENNY DT ST RTY . CDRIIRFIRATOEEIRE. N EDENDPABFZBHUUITHRE THDIEEXT
WEY, BATEFICERRVRECERTDIEEHDEIN, BPIRET+ XDV IZZEITUV, FRENDE
ROFRNSHEDTNET, &ifild. BFT/ A ACERMZRHILED. EOSEIDRVRECEMDBATED
FJ., BUBETADEIKICEDLDSTULIEZS. BEOBHEVEDEIZE),
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