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BIK(Fig. DHEILICL > THIMMIBHTEETHD. 1§ S 1

2. T/ V—rEEMET 2T UV EERRENRREE  © e R
A :I‘/7"‘/"ﬁ'&UI*)lxﬂF—gﬁﬁﬁl:%ﬁfzﬁﬁ’&fﬂ 50+ & . Typical high-k oxides
YRV, BRERBINMS/ — b EE SRR T PNDVCEN e
SZFYLHITEoT. AIRBERTHDF/ V— 0 0 20 a0 w0 50

Film thickness (nm)

FET EDH LU 2D TNNA RZEHRETT S EITHYLT=,
I3 7z U@KUO—ABICBES, BE. R bJ57x Fig 2 BRBRMIENT />~ FRUKA
VEIL EVWSHRBBEREDYREOOHD. BRILNERAOSBIIL.

AT 2 MERX 4 [Adv. Funct. Mater. 22 (2011) 3482]. i

X 5 [Adv. Mater. 24 (2012) 210]. # 73 3 VX 1 [Adv. Mater. 24 (2012) 2101% S8,

* BRFRAVFEEET ST/ ARV RT LIEH

B8] BFRAYTF: ;iHBEA D/ FTITDRA v FUOITHEOEERVBBED > F TRAERREE)
KEHEE: BRI, FH. FF
AHETlE, TIERMEX L v F, INEE, BHEENEDHE THEDFEEMR.FS I X F L
EIEF LIV FoTT/INA REHFEL =0 CHIZEEIZ. NEC Corp & DD FIZ, Bt/
[IF =ML NIIZZEL T B, FFX
1w FDHEDEIFHE. DFEY. HIm
El/ZERT BB IEET 70X IZ114E
LTRETEEEBEF 17> DEEIZ
£Y., [3lFETERMERF SR
), [F>T7 v FEEEREEFI 1
VFI R, [>F TR EBFEET B/E
FRAYFTr 203 0)] EDHHL

PSR EMES S ENTEL, e
Fig. 3 @ITRLEYFTFTREERT S ig. 3. I v F (LR BEERT-
A7 21 (J)a=m vovaviE mm2 @ ASERMETER-RTAA Y TE FRAR
= ) SRS LT STP E— K ()R LTP E— K(C)OEHET

BEOFTRAEE, DFY., T TQL (b) (©

H(STP) R U REEAEE(LTP) #E1TT %, D

FYU. SOPvoiavid, BENILADNSHEET HIHETHLHEENMEVRFEA VICEST
(Fig. 3 (b)). SEEN+RITBVRFICEE/NNILANEREE LA T VIZHES(Fig. 3(C). D
MRERE, BRITOTSIVIEBREELELAL, BSHICH L VAR BESMAIHESRT
LORRZRTELDOTHS,

AT 2 DERX 6 [Nature Mater. 10 (2011) 591]. 53X 7 [ACS Nano 6 (2012) 9515], # 7L 3>
$M3C 2 [Nature Mater. 11 (2012) 530] %3,
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[4] #EREFEMHERRFRASAYFRY LT—7
REHEHE: Gimzewski, Stieg. FEF
AHETIE, FFIX 1 v FFy FT—2DASN)EFEA B, i‘?é’ﬂ)#ﬁz BEEE T/ X FHREL
710 CHlEt, BERBREEFZFD S F T ERIFL, EYERZEHIDELEIZ 7508 C EHBFHD—
() x,ﬁéﬂffﬁé?"éml#/zwn/f}?fzéﬁf—(—-lag/cmz)/%_—FX A YFAL R —T T —X T
éﬁéo ZEIE, DEY, BHEIXIF YT
X AL TETT BEDZNEZRENI-LITSEZET
£ 50 B EYZETEFFAND ASN 771 X DFIH
(£, parity-n 27X ~, NARMA-10 7X & f T-maze
ZEDR R BEENFI—O AR ODETEE
CTEIFESHhTESE, ASN /N1 R (L, RC/NS X1
LIZE T S BHEDEEFIR Z R TEBIE5NEER
UDFHEDR r—STNN—F O F TS5y fTH+—
LELTAKL ‘/: '(555

E ORI, BEER. NI — Lo N T REL)E. HEEEIEF TRy FT—5 D

~

VR IIBIRE KBRS czscuBTIEFRA J%‘/—‘vzbzaz’dﬁﬁkéhé ASN @

BRUBEA DI LICEET 2T HNHERDE(ET). BECHEESS h-HETEgSE)N>E

MEQEBHI R ERTTHLE ~TIEPRA

TERFIAVEr—FLYELTL

5, REMZERANMNAVREL—2av%ESIEHL. Fig. 4 ITRT&LSI12. BEMABIEE WS T

JT7—FTHO RO ABEEFIRALI-. BEICABERIN-EEEH T/ 74 VRICHEHED

[RFRA Y FEfHFAAT, STERNHBREZOMS EBRETOMSETERLT T/ A 5—IL#

HOECHEBIEEEAEHELI LT, INODHKRITRHRDEBMEMOBEDOREREIZL S,
AT 2 DX 8 [PloS ONE 7 (2012) e42772]. /X 9 [Adv. Mater. 24 (2012) 286]. X 10

[ Nanotechnology 24 (2013) 384004] #5HE,

* DFLRLOYA MERIEFEF/T—FTIF=IR

[56] EEMSFHICKLDIEHLFERERF
RKEMRE: X, FF
BAFTL O FOZOXIECAETLUEETHEIA TEL, ETRIEEL D FDER G %
D8, EFR)GES FEIBBDERIIMEA L L THETH S, KHFETIE, CDEJEZF R
TR, FLOVERDFIHREEHEL -0 7/ X T—LHHIDEHESZ 1 7 FEIZES T
ET, B—EBEZMESHZHHEIMTESD FLERERERE T S EICHTIL =, BEIE, ERL /-
BEHFTINA IADEREFIEDHEFZED TIVE, CDHEIFES FEREBDHREZFED S
LTEELG—HEGETHS D,
Figure5(@)l&. TEZERIND Z T EMESEERTF
llE’!f?Tt LIz4DTHd, O7EFLUILEYVDEE
DFITEE b O RILIEMEE(STM) OF v TTHI
,%Sl’&’a‘-zé): /7-&? I// DPFDEHEEETRYE
SELHIENTED, #ETT HEHEESIREHKEE _
HESFICHE oaséﬁa& EldhBEMDES B o
N, PTFEDHEHEZHHT 5, KARTIE. 2 sl
AOR)CT7EFLUENIAQAL T UDESF
[CHET Y 5 Z L ZFEBAL1=(Fig. 5(b)) ABIETIL. Fig. 5. BE(a) R VRSN D STM
ERAZRVEHRUFEOMAZHE ST, EHROM  &b). EHES STM DL SMIET 5.
B A AT 2ARDEEHESEN BEMESFICEKE SN
St 2 DI/X 11 [/ Am. Chem. Soc. 133 (2011) 27 #A¥T =)
8227]. X 12 [Nanoscale 4 (2012) 3013] #3&,

2nm
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[6] HEEHA kTDRF(Coo) DHM R U IR D A H118
REFIRE: D, DA, BH

EE 2R IBMBSTM)IC & BEH FIREAEE > 1 BB BET— 3 REDETIE LY
A TELBEIR. #FE Y FOTEIHHRORENDESEL TOE 1 £77 52 TH>
o RFETIE, Cop P FDFEFFIKER VIEFAZK Dimer Trimer
BEEECHET 5L T OBEERAL, £y ¥ MolecularScale 1)

FEE 190Tits/if T. E'w FBETESCEFI v o o o
BL 1. yoooo: MR oodo
STMOF v FEET. T5—L> CopFOE prmr——
BRISEIT 5. Co HFRDERTFLAILLERR
EHE LT, CORE. EELE Co RFDIAF
EESTFENDEARUREARGE T TGS A - :
BT EMDh o, COREEEST, BEE 3nm Writing  Erasing  Rewriting

|-:‘!‘._‘_"

ET—2DREEZEILT-(Fig. 6 *5H), Fig. 6. (£) Ceo H F DR R UIERBRED BATHI R
WAt 2 OFX 13 [Adv. Mater 22 (2010) 1622],  UREMHHORER, (M)EFFLALTOE Y ME

$83C 14 [ACS Nano 5 (2011) 7830] %S, Fexd STMEE.

PR E EIE R

* FIT—FTV O RCEBRER/-T/ EaHE

[71 BRUBEREARERICAITEFT/7—FTI9 P2V RICKBRI— T/ T74 13—
REFEE: T, ER
ARFETIE, EIMEZDEEHDEBEEER SEEEEF I ITE BABAV— S T 7
AN—ZFHEL =y FZF7AN—RICERFHHEDS ) F—F 70 F+ ZFEE 5% T, Xinths
AMF)[ZIEE L TRBEEYHH AL T E & FFFB L /=, AMF & 5 55\ 5 10 5\ EHIMT
BT, BENRUERADE T THAFKF—REZETEEHNTES,
T/ 77 ANR—F, EYRERVER (b)
BELTZATNEEET 5. MEFRY o
WS/ HFEEET HILENERRE
&SR T —THER SN S Fig. 7(a)).
ENARVTERAENTT LS. AMF %
59h5 10 HREIEMT 57214 T, B EE
MDORIZEK Y EMIBDO RIS HIERE L ContiuL FIXahs
f=(Fig. 7(b)). 1BEAIE L MBE #FFE T ‘ @
X, BEEOAFRRLEZITTHL. W
BEFHEHAL-EREREDIRMIC Fig. 7. RX—+F/ 774 1"—DBER(a), KRHET
LOLMNBEER D, . RX—FF/ T7AN—FFATEHET, BLE
MO_EHRICL DEBDOKRE S EHNEY L1=(b),

Nanofiber

AT 2 DI/ 5 [Angew. Chem. Int. Ed.
51 (2012) 10537]. W3 16 [Adv. Func. Mater. 23 (2013) 5753] %S,

8] 7/ 7—FTYU b=V RICKDBHI-IEBEFE - TILIYNAI—RDTA
REMEE: BH
JEIEBEFFE(ROS)HY, HiiED 90%LLEIZZHBHITH B DILEFH TH S, WFDEYIZIE, HE
DIRF L BELFIEFDZDEEL D 010 AFATIE, ;/ F—F70 F=OXIZ L BEMZF
BELZ. FTLOBBIER) T—EEZFZHEL., T YN T—FETIVIIDZEHIDTEF
ZEREL,
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Fig. 8 ISRT &K3IZ. AMAEDF/ 7—F TV PV RICETEIRVEELAD 1 DIE. EFE
HHBEAORNEREZREET S ROS BEF/RFEHRHLEATHD, COHFIE. S FaU K
)7 DEFEFREEDHEEZIFH L ARRECBEICERSNDROS ERET M EF DO,
FEWZEENRDICONTROS DEMEIFEL LHEML. NEMEREIEFIZX S ROS DBREN+Z
2T 5D, M BBE|L ROS IEREEZRFICEESE, TNITE>TEREENLED

EENRKREESH 5. Fig.8b ITR L= &

2) b) A S, Bl ZEhEE L=< ™7 X (SAMP8)
] DEMLALIE, LKy I RBY7—A
350_.0\.\_\\ é.lz_hcimcr Model @ —2ADF/ *ﬁ%(RNP)O)D?&?&%':; ]
A 4 RNPN . EEICEEL,
ON L
LS S Fig.8.a) 7/ 7 —%7 7 b=/ AIC LB H L
. [ > : WIRIRE D SR, b) RNP AR AHERTE 1 & IE
0 1 TIRERA. RNP (3, £ U ZKIKREGHER T,
3

o1 ﬁw ot SAMP8 ~ U 2 DRI & 1) b W7z, BRI
Latoncy Gme #rMorvis-water maze VK7 — VINICERE LT EG T 2 RoT 5 %

tosta(lime to find a perch) COWECRET S,

AT 2 DI/ 17 [Gastroenterology 143 (2012) 1027]. i##3C 18 [J. Am. Chem. Soc. 132 (2010)
7982] =5,

* 7/ EGMBFICERESES /T —FTIOLZOR

[0] AIERUVHOSHEZRGICHIT-BERERVBLEISFE VY
KREHATSE: T, FH

AFETlL, HREEFDHEEZEI 20 E(Zp/- > CTEBEFRAATELH L HFt oY —FHF
L7, FrLivEHY—F TEFEEL € H—MSS) | EE 1, Chld., HHEZE, HE,
BaRERVEFTEFHEHICREIE L= DT, Dr Heinrich Rohrer(1986 D/ — N L YHEZ
EBEZEE)F DRAFEFEETCH B, HFDT TO—FIZk B/N—t 2 T —F— TCDBER L E
E5Y., MSSIE., 100 (ZEDFEERILZZEHKL. B S5 EEHFIIEIEDILEES AL S /=, MSS
1£. ZH. #Fz2 V71 RUOREBHBEZEDIEZ GABE~DERIEFE A B,

Fig. 9 (Q)IZRT &K 3 IT. AT TIE. R4 XD EPFL(R A/ REMBIH KZO—H 2 XE)D MEMS
F—LEBALTMSS Fv TEAEE L 1= [FHREMIFIRSHTIE MSS DBERAED 1 DTH 5,
Figure 9 (D)MRT £ 512, MSSDT7 LA DIBEFE_ETHRABRTREEZOTREBREEDOTRE
BATHILENTED, LEEDHERIZ. E FOBRERREZBBNICHET H200. EFEES

DERE T8 RIHATEDH
e ey || LOEROBEE D2 —LORE
e Concer batent 3 e beany bosona) | Z1R T HDIZHE B,
» Saturated water vapor (control) | E

Fig. 9. BERRE ~#ii5| MSS (&,
ZHICHAWAAIEDHEE RS
T, @QMSSD7 L1 DEEE{E,
(b) BEELBEEOTRSHTO
EREER,

5 e
-06 -03 00

0.3
Axis 1

06 09 12 15

T 2 DERX 19 [Nano Lett. 11 (2011) 1044]. X 20 [Langmuir 29 (2013) 7551] =S8,

[10] BHEAINERICEITSER
RKERMARE: £
AHZE TlE, MBEEIER ST RILF—TERTEEICH T BEFHIERE E G EBNENLHE
FEIZHEE T B=dDD, —BDEBHIFB FIT /0 HAIEIZ L BKBIEIZH D THRTREEF
HEDEEHH AQ:PO, FRIZE L /=, ZE.REIEEDBRTHBIZL > T, EH. EFHHER
UH R EHDHEFELEL L, BIEATHEEDEILIZFF TKELFTEFZF -,
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Kﬁﬁ%—c‘(is j‘/ Eﬁﬂ?[:%,’f&é Natural Photosynthesis H,0+CO,+Solar energy =y Sugar+O,

Br=F/T7—FTI RO RTHS.
HEL7% 3D AIXER AT LEFH
THOHBDHEEERT, BODEEZTY
TL—HRMIfEoTz. RAXERI AT
LDBEETILFLARILAY—)LTHE

95 3D EE7—FT9 F v E2HlH Artificial Photosynthesis

AAERATZRAA MRF S VALY M
DERIZEII LI (Fig. 10)o D& S \ \ \
BREBEE THROTEER ERF

v FI—H EEELEER. CO, DR ‘ﬁg?ﬁr',m,

KRR F(CH) N DERIBH T AE L

_ Mesophyll cells
.l |ii
24 co; @
(L7 Air spa esteycle
v Sugar

Nano

H,0+CO,+Light mssp Hydrocarbon fuels

Mesopores

Fig. 10. RAXER VR TL(LE)EAIRERL AT L(T)

{ALELT, DEERVESA TR S L-KE,

AT 2 DX 21 [Sci. Rep. 3 (2013) 1667]. /X 22 [Nature Mater. 9 (2010) 559] %S,

* #HLWF/ RT—IMHEORTLOREZBIEL-EREEROER

[11] HLWLEFTNARDEHD RO HILMED T/ T—FT7 |~:97\

EFRDTHEEIEIZHES Th /=0, ERFIEREFIFDEZEICL BER 7‘%@'1, '(7“/ T/\’f
XADEFEEZERT S EIFH# L, BELS/ BFT/VT XICFAIIFEFHLODRSFEEZRET S
=0IZ, BE, 1 DDEFFOTS 71 v OREELT, /IO EEKE, F/EvoOFBUT
11 BHERLG R TALAD FROS—FFKL TS, £LHLOFTO—FH5FEYHEAS [
RAZSHNS S/ T—F T F=ZOX) BEFALSIELLTLS,

FRASHILEEERDOX v v TREMOEME TE, &
ELE-RERENHIRT LT THS, FARADHILEBERE
KTS)TIE. TYPITRAFICHET H2EOIRILF—DT
ASF T F (M)A ENDDIZH L. RO hILHE
BATHOI Yy DREIIERZHELEVEREESIENT
x5,

AR TIE. MF ZERBERTIEEL T, 2D TS AAFHED
EFBEREBITIHBEIZOA; MFABENE &S Lt ESIE
=D F/ EaFT/30 REEE LIz(Fig. 11), B4
MF (ZF A TRA > FO®REIZR-T S —FEEZUVE
ADHETERTED I LEZIMALIZARETTT LI,
MF OENERBEEWNIAET, TaE—LYR T —Z/MIC
%éi?t V) F&UE?@J%("'“_JZQQFT?@E?@%#T
— R EERT B,

HTE. ERMIC TS KEBEZEBRT LH=HIC. T2a\HRE
FRTFERREAEFEFEICENBEGEEARADEERUVHMES
FOEZEAICRYMBATNS, AHAETIL, BEiEEEAE
(Fig. 11) [T YV HEHATHNH TREBEERZEHR L 1=, it
AFOECEENEBEEMRICAMCBS CLEBHLMIZH
=2 T, TOVARATLIEMF 2R1BI28LH5T5y 2
+—LIZiE5B,

o I

Ro(€2)

120

100

80

60

40

20

AFETIE. Ty SHREASEASETEOE  Fig 11 (EMF 28T 27-H0EXRK IOV Y, TS

REREERCESHLOTI LBE LI, F7z,  MOREEIY 923 L ORE CHRSh.

_hnlz

- o o e g o 2T MF DRy EYINREEZD, (TF)
WRRTEAL MRBARN, BRISLY RERS Si(111)-(\7xV3)-In B D€ 0/3( 7 RIEHORE

A ENTRET, BT, REV FAICTRIZE ke, 2UAARIZEAEED STM &,

S>TEENTHS,

AT 2 DI/ 23 [Europhys. Lett. 99 (2012) 50004]. /XX 24 [Phys. Rev. Lett. 107 (2011)
207001]. # 7 3 VERX 3 [New J. Phys. 15 (2013) 063031-1] =S H&,
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[12] BXHAEFE: Lo — FORERUGHA
RFHEE: Bowler, BiF. FEMA
ZEFH)G S S RT—INTINA R ROYEIZHHE T X T4 LT, ZEEHEROFT)F& > T,
F1FRBEFREFNEFTADL IIZTBDIC,
ARETIE ER ;Y TLANIDRER r—1) >0
DFT 23— K, CONQUEST ZBi&EL /=, #ZEH97%
DFT DEFTHZEFE > THFIEZELSFEFEFS
BT BRTLEMIET ZDILEEH TH S5, KEF
FTIE, CONQUEST #EFL /=& T, #HEHE
FHEAZBEFEEELECRTLZMET S &
T E/=, CONQUEST I&, EBEMHFHFEEF
DIEZH DIEEGEFREGFEZITS LA AEE

model Quantum Dot experiment

“— gy

THY. KI2E21—8Dk 5L XREWIBIET Vertical -type MOSFET

D E2—Z THICHENTH S, KHFFEDEZ/L, (Surrounding gate transistor)
CONQUEST Z& > TEBRAIFFZI-H17 EEFZFIE  Fig 12. (L) CONQUEST %> TEE L 1= Si(001)
T ETHB, HEEEDGeF/ 7452 FORELIEE & EE5HBE

AMETIE, SIOODEBETHRELI==XRxT Ge  i#. (T) TEM R U SEM DBIEEEMAHRAA T SilGe

+/) 745 RETDFT SHH&E %7\, BF%522T A7 INF/ TAVYDRERFETILRVEI VDR
MBT EEFRATY—ILOBEEA DR LEHEL ANTHDF/ DA VYDOFERAEETLI-HIER,
f=(Fig. 12 (L) &5 8]), AME TIX. &EIZHE - T,
REZECRFLEFOEBE. F—/\V FOREMRY F—/\Y MREZEET H126HD., Si/Ge
A7 F/ DAVICEAT A EREEREFA IO LY FEILE EIFF-,CONQUEST X I,
RELEAN =NV MIEZLEEEHN. ERXIMOE 1 [RERN CIEER TELROVER
FIRETHENTES,

AT 2 DI/ 25 [J. Phys.: Condens. Matt. 22 (2010)]. &3 26 [Rep. Prog. Phys. 75 (2012)
036503] =5,

FDMDEE TN EHEEE
Y EHMET/ AT —ILTFNA ARV R T L

[13] BIEEK - BEEARERICBITAAVRIE Y BEEAREFRE
KEHEE: S
AFETIL, XV XTE Y O BEEMRIZIRYMEAL, 12, BEEES) - BEnEHN)ESF
MIEL, LB EFIREFZFEHSNIZL I, SIN EETIE, SRADEFI—/—3F N IZEASE
BB ENTEB(EHNE), CDHEIL, EFIFHBEMIZIH L REEBHEFENEFEREEZH

e

5/ EET BT A0 b ol e TR B
AVRAEY Y BIEEREE > RBERENT photon

NARAD 1D BIEERIS A4 — FTHSH(LED).

Fig. 13, B8 LED L. BEEEF I —/ —dDKZE Nb(80A) | | Nb(@E00A)

BAeE—LURARY a—LEBREFRDS T
> FERAIRMEIC & 5. BEHEXIRITFIHE S0
=, BFEREHORELS TN REBBSATL :
5. BEAOEBUEBEME S ERLBAFig. 13 O pnP (1 10 o) : 500nm
Nb) Tlk. ERFEAMNRBREDS L TEHIL ., EiRE p-InP (substrate)

fEEHEL LT,

n-Iny ,Gay ;AS (5710 cm®) : 10nm
N-INy 53Gay 47AS (5" 10" cm®) : 30nm

Fig. 13. #{zE LED O HHEAER.
AT 2 DEIRIL 27 [Phys. Rev. Lett. 107 (2011) 157403]. /X 28 [Phys. Rev. Lett. 103 (2009)
187001] =5,
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[14] 25y bN\RIILATOTARERMU-BILERNS O OR S
RKERPARE: FH

ARAETIE, KERELT LTSy FTr R TL1 ERET BEDDBIEZRE 5> X % (TFT)
[CRITDEZLGHHEZEL L 1=, SIFMEBEEIE TFT(SIM-OXTFT)IE, 7 7K EET ZE/EIZHIF]
T RIBHTEEL =FMHEETFT & L TEET B[Fig. 14].,

TS RRUNTARTUARNODERRA Y FUOITRATFTIZIE. CAETTELIZRAIY O
URIFARYYaUENMERINTE =, LML, BED TFT (XA TREERSHFEYICEZ LY
=, BEAVRTLERBRTAHLWOWTFT AR EFh TS, 0o T UV ERRT
BIZIEZ . BEECSWTTELIZFRY YOV E LR
5 TFT 4ETHD, TEL I 7 RARERRILYE SiM-OxTFTarra
BRSO RA@OXTET)IE, RR k-S> TFT dedb bbb " g
DIEWHIZIEY B S, InGazZnO fEIL a-OXTFT DIRFHD ol ol Il WL s
1 DTHSHH.InGaznO (FEEDEETIIBH TFR »'l':lk-‘"':".-'lh
ELETHS, BEOEXFEIL. Zn 2 FEEDHE
SBETIX., BROBRRIIIFREFIZHBO THRETH S,

AR TIE. TFT DESHLEMED InOX EAD K
— N P FROREEEBIRILT—IZLk>TRESD
CEEFERLE F—RU OSBRI RILY—%
EHdE. BIIREIEZERKT S, SIM-OXTFT OE

AMEEIIBAERRINA TS TFT £EDMHEZ L Fig.14 SiM-OXTFT 7 L /4 @ SEM E{&, SiO,
B> 7=, DHBRAHIZ & B ZEFL(VO)DHINERE,

AT 2 DERT 29 [Appl. Phys. Lett. 103 (2013) 172105]. %X 30 [Appl. Phys. Lett. 104 (2014)
102103] #5HK,

[15] F/ HEBEHREEBAREE S/ PRATL
KEKARAE: Wang

EEFDEFRLEE, TETEFHEIET E/-DIZI%, ZEDFFHGETH S, D=0, <
BEIEREIZE DUV BEE Y —DIL O EETIREE=Z Y 2 JICERFASA TE, HEGHK
SHRDRETHEL IS —/LIE, 185
FEZ, BERUMDIEZEILFELEFID
Y, BUBRUVEEELG ZERRUVUEHT S
(212, [1%R% FFIRIZ 5 (7B FDIE#L S
WHWEETHE, AHATIE, BERIET
NI—INEFEDRLIZHNEEIEE
Brore TH—ELT, BEEESS
J BEM(TENG) F 551 L /=,

Ihiod TENG #KR! 7 K 6. 6(PA)
fEX U PTFE JE(PA TENG. PTFE TENG)H
SENFNEST-, ThiF. BEKRVE
KIZ/)—ILEBRHETESLIFTTHEL, K
RIRUVARRKRIZ/—ILBBRANT S
ENTES, TH/—ILHRIZHT B PTFE
TENG O Rt 8% L 1=#5R % Fig. 15a 2R
T AHEIZTRT & SIZ. TENG T/8A RIE. Fig. 15. (a) NEBRHEUI R/ —LBEOELIZK
EaR FTHENBRSEOMEEICLBNS BISPTFETENGEH—03D T 57, (b) FRL

= = = — ., ETRLAZROBE, () T4/ —I)LEETTHHIC
gg;g;;@g;g;%%gfﬁ;; 3 ; TENG T/8( AW BT S 1= 40 D LED,
Lo —¢L LTHIATE S,
AT 2 DI/ 31 [Nano Energy 2 (2013) 693] =S,
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* EEAMG S/ R 7—ILEHRIA AR

[16] ZiREHEE T O— TIEMEE(STM, AFM, KFM): BAF &6
REMAEE: bL, FF
HHF S/ F—F70 FZORICHET BE L VVEIEIL, BEHAILEBER DT EH THIETTZ

TOZIFAIEZL 5L, chf:&jj AT a) STM image taken by one of two probes
TlE, ZHRHGHEEZE 70— THHHE .

(MP-SPMs) EBEF L. BEDFATREF/ Probeel . 5
R— LB EFEE L f-. b Tty

MP-SPM (&, BBKEWNF / iEEZEEL.
IILFITO—TTEDERBEMEZEAIT
5= DERIEEHT 520054 D0DTF 1) mm

N—JCHB &N, BlIZIL. SO, cRE b) Length dependent resistance of SWCNT

L 7= SWCNT OEFFH BRI, =8 =

THELZ 500 nm LEHAlEh=(Fig. 16 & =

BE), FLICARLEER VY —%E e

> —Cs MP-STM j‘é?)ba" jl:l _7%¥Fﬁﬁjj g In_:fr _r%ugheﬂhiaio[m:?]
TEMEEMP-AFM)IZZEZ HILEY T+ —2R 21 v ool i

BEMEE (KFM)ZEE>T MP-AFM E— KT g i il P

EEMBHOTYEL T EITo1z, ThIC oL EF 7 b
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Serious problems:

% Low accessible surface area
Low thermal stability

Low chemical stability

How should we do?

.............................................................................................

lmportance of nanoporous structures
Nanopy;

Lots of Nanopores

i Advantages: i
{ (i) High surface area 3
i (ii) High thermal stability  ;
i (i11) Possible good diffusion |
i (iv) Large pore volume

Fig. 18. tiDmRPtEHAZ LESF / 1% Pt DEEM,
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Infrared Beam | |

Mercury collector molecule
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*1. F. Geng, R. Ma, A. Nakamura, K. Akatsuka, Y. Ebina, Y. Yamauchi, N. Miyamoto, Y. Tateyama, and T.
Sasaki, “Unusually stable ~100-fold reversible and instantaneous swelling of inorganic layered
materials”, Nature Commun. 4 (2013) 1632.

A massive monolithic swelling of layered materials has been achieved in aqueous solution of
2-dimethylaminoethanol (DMAE), which was up to 100-fold with the gallery spacing increased from 0.9 nm
to 90 nm. With quantitative analysis, it was determined that the largely expanded space was primarily
occupied with H,O along with minor trace of the DMAE. The swollen phase was unusually stable with no
obvious observation of peeling or translational shifts during the swelling process, maintaining a nearly
perfect three-dimensional lattice structure of >3000 layers. First-principle simulations of the molecules in
the gallery yielded a long-range directional structuring of the H,O molecules that may help to stabilize the
highly swollen structure. The crystals could also instantaneously shrink back to their original sizes.

*2. F. Geng, R. Ma, Y. Ebina, Y. Yamauchi, N. Miyamoto and T. Sasaki, “Gigantic swelling of inorganic
layered materials: A bridge to molecularly thin two-dimensional nanosheets”, J. Am. Chem. Soc. 136
(2014) 5491.

The macroscopic swelling could be realized in a wide variety of amines, ranging from primary amine,
tertiary amine, to quaternary ammonium hydroxide, with little dependence on ion identity. The ammonium
ion intercalation was mostly determined by the acid-base equilibrium and the accompany H,O inflow was
governed by osmotic pressure balance between the gallery and the solution environment, both of which are
substantially molarity dependent. Therefore, in most cases, the ammonium ion intercalation saturated at a
value of 37% relative to the exchange capacity, and the maximum swelling degree was ~100-fold with
gallery expansion of ~90 nm. Although the swelling process was unselective, the nature of the intercalated
ion was critical to the stability of the resulting swollen structure; that is, ions of higher polarity and smaller
size helped stabilize the highly expanded structure, while ions of low polarity and larger size readily led to
exfoliation.

*3. R. Ma, T. Sasaki, “Nanosheets of oxides and hydroxides: Ultimate 2D charge-bearing functional
crystallites”, Adv. Mater. 22 (2010) 5082. (Invited review article).

This is an invited review article focusing on the recent progress on oxide and hydroxide nanosheets as
an intriguing class of graphene-like 2D materials. A wide variety of monodisperse nanosheets have been
produced by exfoliating layered precursory compounds via osmotic swelling. The nanosheets were found to
show new and enhanced physicochemical properties associated with the exceptionally unique structure.
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Thus the nanosheets are very useful as functional building blocks. Various solution-based processes can be
applied to organize them into precisely controlled nanostructures such as nanofilms, hollow nanospheres,
nanotubes, nanocomposites and so on. Through this approach, a range of functional materials and
nanodevices have been developed; photocatalytic coating films, high-k nanofilms, electrode matereials.

MR R[2]

*4. M. Osada, G. Takanashi, B. W. Li, K. Akatsuka, Y. Ebina, K. Ono, H. Funakubo, K. Takada, T. Sasaki,
“Controlled polarizability of one-nanometer-thick oxide nanosheets for tailored, high-«
nano-dielectrics”, Adv. Funct. Mater. 22 (2011) 3482.

The ever-increasing requirements on smaller, higher-performance electronic devices result in efforts to
incorporate new materials into microelectronics, in order to overcome the physical limits of current
materials. In this context, the latest Semiconductor Roadmap predicts the implementation of high-x
ultrathin films (< 10 nm) in future applications. In this paper, we reported a rational approach to produce
high performance nanodielectrics using 1-nm-thick oxide nanosheets. In titano-niobate nanosheets (TiNbOs,
Ti,NbO~, TisNbO,4), the octahedral distortion inherent to site engineering by Nb incorporation resulted in a
giant molecular polarizability, and their multilayer nanofilms exhibited high dielectric constant (160-320),
the largest value being seen so far in high-x nanofilms with the thickness down to 10 nm. Furthermore,
these nanosheets offered simultaneous improvements in temperature dependence, lower loss and leakage
current. Our work provides a new recipe for designing nanodielectrics desirable for practical high-x devices.

*5. M. Osada, T. Sasaki, “Two-dimensional dielectric nanosheets: Novel nanoelectronics from nanocrystal
building blocks”, Adv. Mater. 24 (2012) 210.

Two-dimensional (2D) nanosheets, which possess atomic or molecular thickness and infinite planar
lengths, are attractive for the use in next-generation nanoelectronics. Despite significant advances in
graphene-like 2D materials, it remains a challenge to explore high-/Aielectric counterparts of graphene,
which are essential for many devices such as memories, capacitors, and gate devices. In this paper, we
review the progress made in 2D dielectric oxide nanosheets, highlighting emerging functionalities in
electronic applications. Ti- and perovskite-based nanosheets exhibit the highest permittivity (& , =
210~320) ever realized in all known dielectrics in the ultrathin region (< 10 nm). A layer-by-layer
engineering using these oxide nanosheets promises unique possibilities in the design of thin-film device
architectures, such as capacitors, transistors, artificial ferroelectrics and spin-electronics. Graphene is only
the tip of the iceberg, and we are now starting to discover new possibilities afforded by 2D oxides.

HEMR[3]

*6. T. Ohno, T. Hasegawa, T. Tsuruoka, K. Terabe, J. K. Gimzewski, M. Aono, “Short-term plasticity and
long-term potentiation mimicked in single inorganic synapses”, Nature Mater. 10 (2011) 591.

Memory is believed to occur in the human brain as a result of two types of synaptic plasticity:
short-term plasticity (STP) and long-term potentiation. In neuromorphic engineering, emulation of known
neural behavior has proven to be difficult to implement in software because of the highly complex
interconnected nature of thought processes. In this study, we have succeeded in emulating the synaptic
behavior using a single Ag,S-based atomic switch. The synaptic functions of both STP and LTP
characteristics through the use of input pulse repetition time were demonstrated. The results have attracted
much attention because it achieves dynamic memorization in a single device without the need of external
preprogramming, indicating a potential for the further creation of artificial neural systems that emulate
characteristics of human memory.

*7. R. Yang , K. Terabe , G. Liu, T. Tsuruoka , T. Hasegawa, J. K. Gimzewski , M. Aono, “On-demand
nanodevice with electrical and neuromorphic multifunction realized by local ion migration”, ACS Nano
6 (11) (2012) 9515.
In this paper, electrical and neuromorphic multifunctions were demonstrated using a WO34-based
gapless-type atomic switch, in which migration of oxygen ions are controlled. The device showed a wide
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range of time scales of memorization, resistance switching, and rectification varying from volatile to
permanent in a single device. The device, showing on-demand electrical and neuromorphic multifunction,
has a unique paradigm shifting potential for the fabrication of configurable circuits, analog memories, digital
neural fused networks, and more in one device architecture.

IR [4]

*8. A. V. Avizienis, H. O. Sillin, C. Martin-Olmos, H.-H. Shieh, M. Aono, J. K. Gimzewski, “Neuromorphic
atomic switch networks”, PLoS ONE 7 (2012) e42772.

Conventional fabrication techniques are unable to efficiently generate electronic devices with the highly
complex interconnectivity found in biological neuronal networks. In this paper, we demonstrated the
physical realization of a self-assembled neuromorphic device comprised of over a billion interconnected
atomic switch elements that exhibit synapse-like operational characteristics embedded in a complex
network of silver nanowires. Observations of these atomic switch networks (ASN) were in agreement with
recent theoretical predictions, while emergent behaviors akin to brain function are observed, namely
spatially distributed memory, recurrent dynamics and the activation of feedforward subnetworks. These
devices display the functional characteristics required for implementing unconventional, biologically and
neurally inspired computational methodologies in a synthetic experimental system.

*9. A. Z. Stieg, A. V. Avizienis, H.O. Sillin, C. Martin-Olmos, M. Aono, J. K. Gimzewski, “Emergent criticality
in complex Turing B-type atomic switch networks”, Adv. Mater. 24 (2012) 286.

The operation of atomic switches as individual synapse-like devices has demonstrated the ability to
process information with both short-term and long-term memorization in a single two terminal junction. In
this paper, atomic switches were self-assembled within a highly interconnected network of silver nanowires
similar in structure to Turing’s “B-Type unorganized machine”. These atomic switch networks (ASN)
exhibited emergent criticality similar in nature to previously reported electrical activity of neuronal
assemblies. Rapid fluctuations in electrical conductance display power law scaling of temporal correlation
lengths that were attributed to dynamic reorganization of the interconnected electroionic network. These
collective properties indicate a potential utility for real-time, multi-input processing of distributed sensory
data through reservoir computing. We proposed these highly coupled, nonlinear electronic networks as an
implementable hardware-based platform toward the creation of physically intelligent machines.

*10. H. O. Sillin, H.-H. Shieh, R. Aguilera, A. V. Avizienis, M. Aono, A. Z. Stieg, J. K. Gimzewski, “A
theoretical and experimental study of neuromorphic atomic switch networks for reservoir computing”,
Nanotechnology 24 (2013) 384004.

Atomic switch networks (ASN) have been shown to generate network level dynamics that resemble
those observed in biological neural networks. In this paper, we developed and validated a numerical model
based on the synapse-like properties of individual atomic switches and the random nature of the network
wiring. The reported results highlighted the possibility to functionalize the network plasticity, differences
between an atomic switch in isolation and its behaviors in a network, as well as the effects of changing
network connectivity on the observed nonlinear dynamics. To demonstrate their utility for computation, we
subjected the simulated network to training within the framework of Reservoir Computing (RC) and showed
initial evidence of the ASN acting as a reservoir which may be optimized for specific tasks. This work
represented initial steps in a unified approach of experimentation and theory to make ASNs a uniquely
scalable platform for neuromorphic computing.

HIEARES]

*11. Y. Okawa, S. K. Mandal, C. Hu, Y. Tateyama, S. Goedecker, S. Tsukamoto, T. Hasegawa, J. K.
Gimzewski, M. Aono, “Chemical Wiring and Soldering toward All-Molecule Electronic Circuitry”, J. Am.
Chem. Soc. 133 (2011) 8227.

This paper presents a novel method for connecting functional molecules with conductive nanowires.

Stimulation with a tip of scanning tunneling microscope (STM) on a molecular layer of diacetylene
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compound can initiate chain polymerization of diacetylene molecules. Since the front edge of chain
polymerization necessarily has a reactive chemical species, the created polymer nanowire forms chemical
bonding with an encountered molecular element. We name this spontaneous reaction ‘chemical soldering’.
First-principles theoretical calculations are used to investigate the structures and electronic properties of the
connection. It is demonstrated that two conductive polymer nanowires are connected to a single
phthalocyanine molecule. A resonant tunneling diode formed by this method is discussed.

*12. Y. Okawa, M. Akai-Kasaya, Y. Kuwahara, S. K. Mandal, M. Aono, “Controlled chain polymerisation
and chemical soldering for single-molecule electronics”, Nanoscale 4 (2012) 3013.

The method of initiating chain polymerization using the tip of a scanning tunneling microscope is very
useful for fabricating single conductive polymer chains at designated positions and thereby wiring
single-molecules. In this feature article, developments in the controlled chain polymerization of diacetylene
compounds and the electronic and structural properties of polydiacetylene chains are summarized. The
“chemical soldering” technique, which enables the covalent connection of single polydiacetylene chains to
single functional molecules, is also discussed. In addition to the review parts, this feature article also
reports original data. For example, the connection of single conductive polydiacetylene chains to isolated
single phthalocyanine molecules is demonstrated.

R R [6]

*13. M. Nakaya, S. Tsukamoto, Y. Kuwahara, M. Aono, T. Nakayama, “Molecular-scale control of unbound
and bound Cgq for topochemical ultradense data storage in an ultrathin Cg film”, Adv. Mater. 22
(2010) 1622.

We found that the unbound and bound states of C¢o molecules can be controlled reversibly at the
single-molecule level in an ultrathin film of Cg using a tip of the scanning tunneling microscope (STM) at
room temperature (RT). The reversible switching was almost perfectly controlled by changing the polarity of
an electric field that was locally applied to any designated position on the film by the STM tip. From
experimental and theoretical studies, we concluded that the excellent controllability is achieved owing to
negative and positive ionizations of Cgo molecules which cause electron donation into and electron removal
from a bonding state between the molecules, respectively: Negative and positive ionization efficiently lower
activation energies necessary for the formation of a bound state of Cs molecules and for the dissociation of
the bound state, respectively. Also, this chemical reaction method enabled topochemical data storage with a
bit size of a single Cgo molecule (about 1 nm) and with a data density of 190 Thit/in®.

*14. M. Nakaya, M. Aono, T. Nakayama, “Molecular-scale size tuning of covalently bound assembly of Cgo
molecules”, ACS Nano 5 (2011) 7830.

Reference [6]-1 showed that, when a negative sample bias voltage is applied to a tunneling junction
between the Cg film and the tip of a scanning tunneling microscope (STM), a C¢o molecule beneath the tip
covalently bonds to an adjacent molecule in the underneath layer. We further found that such a chemical
reaction is not necessarily limited to the top and second layers of the Cgo film and that the resulting Cg
oligomer can be tuned to form a dimer, trimer, tetramer, or pentamer; the number of interconnected Cg
molecules increases one by one upon increasing the magnitude of the local electric field under the STM tip.
The created oligomers are linear chains of Cso molecules starting from the top layer and aligned toward the
interface layer in the multilayer Cgo films. The electrostatic negative ionization of Cg, molecules and its
spatial distribution in the multilayer Cgo film are critical factors in achieving size-tuning in oligomerization.

EBEL7]

*15. Y.-J. Kim, M. Ebara, T. Aoyagi, “A smart nanofiber web that captures and release cells”, Angew.
Chem. Int. Ed. 51 (2012) 10537.

This paper describes a novel approach for encapsulating and releasing cells using a smart nanofiber web
without using any cross-linking/degradation processes. The smart web was fabricated by an electrospinning
method with a newly synthesized photo-cross-linkable temperature-responsive polymer. We demonstrated
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the ability to capture, encapsulate, and release cells by dynamically transforming the fibrous structure of
the nanofibers into hydrogel-like structures by wrapping, swelling, and deswelling processes in response to
alternations of external temperature. This novel nanofiber enables the facile encapsulation and on-demand
release of cells in response to external signals.

*16. Y.-J. Kim, M. Ebara, T. Aoyagi, “A smart hyperthermia nanofiber with switchable drug release for
inducing cancer apoptosis”, Adv. Func. Mater. 23 (2013) 5753.

A smart hyperthermia nanofiber is described with simultaneous heat generation and drug release in
response to ‘on-off ' switching of alternating magnetic field (AMF) for induction of skin cancer apoptosis.
The nanofiber is composed of a chemically-crosslinkable temperature-responsive polymer with an
anticancer drug (doxorubicin; DOX) and magnetic nanoparticles (MNPs), which serve as a trigger of drug
release and a source of heat, respectively. The 70% of human melanoma cells died in only 5 min
application of AMF in the presence of the MNPs and DOX incorporated nanofibers by double effects of heat
and drug. Taken together these advantages on both the nano- and macroscopic scale of nanofibers
demonstrate that the dynamically and reversibly tunable structures have the potential to be utilized as a
manipulative hyperthermia material as well as a switchable drug release platform by simple switching an
AMF ‘on’ and ‘off ".

IR AE8]

*17. L.-B. Vong, T. Tomita, T. Yoshitomi, H. Matsui, Y. Nagasaki, “An orally administered redox
nanoparticle that accumulates in the colonic mucosa and reduces colitis in mice”,
Gastroenterology 143, (2012) 1027.

Ulcerative colitis (UC) is a chronic inflammatory disease of the colon area. Current treatments include
anti-inflammatory and immunosuppressive drugs; however, these medications are not always effective
because of non-specific distribution, drug metabolism, and side effects. In this study, we have developed a
novel nitroxide radical-containing nanoparticle (RNP), which scavenges reactive oxygen species (ROS). A
size of approximately several tens of nanometers is important for long-term retention in colon. Here we
found that the concentration of RNP in the colonic mucosa is almost 50 times higher than that of
conventional low-molecular-weight drugs. Interestingly, an even higher accumulation of nanoparticles was
observed in the colonic mucosa of dextran sodium sulfate (DSS)-induced colitis mice. Additionally,
nanoparticles did not enter the bloodstream through the intestinal wall, despite its long-term retention in
the colonic mucosa. Based on these characteristics, oral nanotherapy of RNP° showed an extremely high
therapeutic and safe effect on UC.

*18. K. Yoshimoto, M. Nishio, H. Sugasawa, Y. Nagasaki, “Direct observation of adsorption-induced
inactivation of antibody fragments surrounded by mixed-PEG layer on a gold surface”, J. Am. Chem.
Soc. 132 (2010) 7982.

To examine the adsorption behavior of antibody fragments (Fab”) directly immobilized on a gold surface
through S-Au linkage, analyses by surface plasmon resonance (SPR), fluorometry, and atomic force
microscopy (AFM) with an excellent blocking technique by the consecutive treatments of long
polyethylene glycol (PEG) and short-PEG, abbreviated as mixed-PEG layer formation, were performed. AFM
studies provided direct information on the time-dependent decrease in the height of the immobilized Fab’
on the gold surface. In contrast, the coimmobilization of densely packed mixed-PEG tethered chains around
the Fab’ on the gold surface suppressed the decrease in the height of Fab’, presumably indicating that the
conformational and/or orientation change of Fab’” was suppressed by the coimmobilized mixed-PEG layer.
The new findings obtained in this study are expected to be useful for the improvement of the antibody
fragment method and, thus, for the construction of high-performance immuno-surfaces.

IEATEI ]

*19. G. Yoshikawa, T. Akiyama, S. Gautsch, P. Vettiger, H. Rohrer, "Nanomechanical membrane-type
surface stress sensor", Nano Letters 11 (2011) 1044.
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In this paper, we presented a membrane-type surface stress sensor (MSS), which is based on the
piezoresistive read-out integrated in the sensor chip. The MSS originates from a conventional cantilever
structure, while we found that the membrane-based structure can achieve much better performance.
Evaluation of a prototype MSS used in the present experiments demonstrates a high sensitivity which is
comparable with that of optical methods and a factor of more than 20 higher than that obtained with a
standard piezoresistive cantilever. The finite element analyses indicate that changing dimensions of the
membrane and beams can substantially increase the sensitivity further. Given the various conveniences and
advantages of the integrated piezoresistive read-out, this platform is expected to open a new era of surface
stress-based sensing.

*20. G. Yoshikawa, F. Loizeau, C. J. Lee, T. Akiyama, K. Shiba, S. Gautsch, T. Nakayama, P. Vettiger, N. F.
de Rooij, M. Aono, "Double-side-coated nanomechanical membrane-type surface stress sensor (MSS)
for one-chip- one-channel setup”, Langmuir 29 (2013) 7551.

One of the major issues of nanomechanical sensors is the difficulty of coating receptor layers on their
surfaces to which target molecules adsorb or react. To have measurable deflection, a single-side coating is
commonly applied to cantilever-type geometry, and it requires specific methods or protocols, such as inkjet
spotting or gold—thiol chemistry. In this paper, we demonstrated the feasibility of the double-side coating
on a membrane-type surface stress sensor (MSS) and verify its working principle by both finite element
analysis (FEA) and experiments. In addition, simple hand-operated dip coating is demonstrated as a proof
of concept, achieving practical receptor layers without any complex instrumentation. The compatibility with
double-side coating enables MSS to be applied to most standard assays in medical and biological fields.

MR RCR[10]

*21. H. Zhou, J. Guo, P. Li, Tongxiang Fan, Di Zhang, J. Ye, "Leaf-architectured 3D hierarchical artificial
photosynthetic system of perovskite titanates towards CO, photoreduction into hydrocarbon fuels”,
Scientific Reports 3 (2013) 1667.

As a nano-life science-inspired nanoarchitectonics, here we report an unique strategy for constructing a
promising 3D artificial photosynthetic system (APS) for efficient CO, photoreduction into hydrocarbon fuels.
Natural leaf is a synergy of complex architectures and functional components to produce an amazing
bio-machinery for photosynthesis. Mimicking the structural and functional elements in the natural
photosynthesis should be promising to achieve an efficient artificial photosynthetic system. In this work, by
using leaves of cherry tree as the template, we have successfully fabricated perovskite titanates (e.g.
SrTiO3, CaTiO3) with a modified sol-gel method. After acid treatment and calcination at 600°C, organics
could be removed completely, leaving crystalline perovskite titanates. The obtained material preserves the
morphological features of leaf at multi-scaled levels. It was found that leaf-architectured SrTiO; exhibits
about a 3.5~4 fold improvement in activities than the referenced SrTiO; synthesized without templates. A
further mechanism study revealed that the enhanced conversion efficiency of CO, into hydrocarbon fuels
can be attributed to the synergistic effect of efficient mass flow/light harvesting network relying on the
morphological replacement of a concept prototype-leaf’'s 3D architecture.

*22. Z.Yi, J. Ye, N. Kikugawa, T. Kako, S. Ouyang, H. Stuart-Williams, H. Yang, J. Cao, W. Luo, Z. Li, Y.
Liu, R. L. Withers, “An orthophosphate semiconductor with photooxidation properties under
visible-light irradiation”, Nature Mater. 9 (2010) 559.

The search for active semiconductor photocatalysts that directly split water under visible-light irradiation
remains one of the most challenging tasks for solar-energy utilization. Over the past 30 years, the search
for such materials has focused mainly on metal-ion substitution as in In;4Ni,TaO, and (V-; Fe- or
Mn-)TiO,, non-metal-ion substitution as in TiO,4«Nx and Sm,Ti,OsS, or solid-solution fabrication as in
(Ga1xZny)(N14xOx) and ZnS—CulnS,—AgInS,. Here we report a new photocatalyst AgsPO4, which was
developed by incorporating p block element into a simple AgO oxide with narrow band gap. The new
photocatalyst showed extremely high quantum yield (~90% at 420 nm) towards water oxidation, which is
one of the key process for artificial photosynthesis, under visible light irradiation. The obtained quantum
yield marked the world’s highest record, approaching that in natural photosynthesis. The new photocatalyst
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also showed amazing activity in decomposition of organic contaminants in aqueous solution. This study not
only supplies a new strategy for developing highly efficient visible-light-driven photocatalysts, but also
shows a great step towards the realization of an artificial photosynthetic system.

R R[11]

*23. Q.-F. Liang, Z. Wang, X. Hu, “Manipulation of Majorana fermions by point-like gate voltage in the
vortex state of a topological superconductor”, Europhys. Lett. 99 (2012) 50004. [Editor’s Choice].

A vortex in a topological superconductor induces two Majorana fermions (MFs), one in the core and the
other at the sample edge. Here we demonstrate that edge MFs can be transported and braided by turning
gate voltages on and off at the point-like constriction junctions between samples. The controllable high
mobility of edge MFs is due to the topological property, namely an edge MF appears only when the sample
perimeter includes odd number of vortices. As shown explicitly by solving the time-dependent
Bogoliubov-de Gennes equation, disturbance to the quantum coherence of MFs during braiding is negligibly
small in this scheme due to the point-like application of the gate voltage. The present work bridges for the
first time the fundamental topological features of edge MFs and their adiabatic dynamics which is important
for performing topological quantum computation.

*24. T. Uchihashi, P. Mishra, M. Aono, T. Nakayama, "Macroscopic superconducting current through a
silicon surface reconstruction with indium adatoms: Si(111)-(N7x\3)-In", Phys. Rev. Lett. 107 (2011)
207001. [Highlighted as an Editor's Suggestion and a Viewpoint in Physics].

Macroscopic and robust supercurrents are observed by direct electron transport measurements on a
silicon surface reconstruction with In adatoms [Si(111)-(V7XxV3)-In]. The superconducting transition
manifests itself as an emergence of the zero resistance state below 2.8 K. /-V characteristics exhibit sharp
and hysteretic switching between superconducting and normal states with well-defined critical and
retrapping currents. The two-dimensional (2D) critical current density Jop . is estimated to be as high
as 1.8 A/m at 1.8 K. The temperature dependence of Jyp . indicates that the surface atomic steps play the
role of strongly coupled Josephson junctions.

MR [12]

*25. D. R. Bowler, T. Miyazaki, “Calculation for millions of atoms with density functional theory:
linear-scaling shows its potential”, J. Phys.: Condens. Matter 22 (2010) 074207.

This paper demonstrates that density functional theory (DFT) calculations are possible on systems with
over two million atoms. The weak scaling (scaling with fixed computational load per process) is perfect,
showing the same time per process for systems with 4,096 atoms and systems with 2,000,000 atoms. The
strong scaling (fixed system size with increasing number of nodes) is extremely high. Overall, the paper
demonstrates the potential of linear scaling DFT methods.

*26. D. R. Bowler, T. Miyazaki, “O(N) methods in electronic structure calculations”, Rep. Prog. Phys. 75
(2012) 036503.

A comprehensive overview of linear scaling approaches to electronic structure, covering DFT and
guantum chemistry methods, and discussing technical implementation as well as algorithms and
approaches. The existing applications are discussed, and five significant challenges to linear scaling are
identified and discussed. This paper has become one of the standard references in the field.

MZE AR [13]

*27. H. Sasakura, S. Kuramitsu, Y. Hayashi, K. Tanaka, T. Akazaki, E. Hanamura, R. Inoue, H.
Takayanagi, Y. Asano, H. Kumano, |. Suemune, “Nb/n-InGaAs/p-InP superconductor/
semiconductor-diode light emitting device” Phys. Rev. Lett. 107(2011) 157403.

We experimentally demonstrate Cooper pairs’ drastic enhancement of the band-to-band radiative
recombination rate in a semiconductor. Electron Cooper pairs injected from a superconducting electrode
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into an active layer by the proximity effect recombine with holes injected from a p-type electrode. The
recombination of a Cooper pair with p-type carriers dramatically increases the photon generation probability
of a light-emitting diode in the optical-fiber communication band. The measured radiative decay time
rapidly decreases with decreasing temperature below the superconducting transition temperature of the
niobium electrodes. Our results indicate the possibility to open up new interdisciplinary fields between
superconductivity and optoelectronics.

*28. Y. Asano, |. Suemune, H. Takayanagi, and E. Hanamura, “Luminescence of a Cooper Pair”, Phys. Rev.
Lett. 103 (2009) 187001.

This paper theoretically discusses the photon emission spectra of a superconducting p-n junction. On
the basis of the second order perturbation theory for electron-photon interaction, we show that the
recombination of a Cooper pair with two p-type carriers causes enhancement of the luminescence intensity.
The calculated results of photon emission spectra explain characteristic features of observed signal in an
recent experiment. Our results indicate high functionalities of superconducting light-emitting devices.

MR [14]

*29. S. Aikawa, T. Nabatame, K. Tsukagoshi, “Doping control in In-X-O metal oxide semiconductors for
thin-film transistor applications”, App/l. Phys. Lett. 103 (2013) 172105.

For next generation amorphous metal-oxide thin film transistor (a-OxTFT), we found that the stability of
the transistor properties strongly depends on the bond-dissociation energy of dopant element in InOx film.
By incorporating the dopant with higher bond-dissociation energy, the film becomes less sensitive to
oxygen partial pressure used during film formation processs. Because the doped silicon in amorphous
In,03-based thin films is found to suppress the formation of unstable oxygen vacancies, silicon doped
metal oxide TFTs (SiM-OxTFTs) behave as the stable high-performance a-OxTFT with highly suppressed
off-state current.

*30. N. Mitoma, S. Aikawa, X. Gao, T. Kizu, M. Shimizu, M.-F. Lin, T. Nabatame, K. Tsukagoshi, “Stable
amorphous In,03-based thin-film transistors by incorporating SiO, to suppress oxygen vacancies”,
Appl. Phys. Lett. 104 (2014) 102103.

Incorporating SiO, into amorphous In,03-based thin films is found to suppress the formation of
unstable oxygen vacancies. The SiO, in InOx film suppressed the de-population of donor-like traps and
charge-carrier trapping at the semiconductor/insulator interface, which led to stable TFT operation. As the
SiO, content increased, the activation energy in the current off region greatly increased and the density of
state (DOS) at the band tail became small, resulting in making transistor properties more stable against
electrical and thermal stresses. Particularly, the subthreshold swing and turn-on voltage of the transistor
have been drastically improved. The results of the present study aid the mass production of highly stable
amorphous InO-based thin-film transistors.

HZE R [15]

*31. H. Zhang, Y. Yang, Y. Su, J. Chen, C. Hu, Z. Wu, Y. Liu, C. P. Wong, Y. Bando, Z. L. Wang,
“Triboelectric nanogenerator as self-powered active sensors for detecting liquid/gaseous water/
ethanol”, Nano Energy 2 (2013) 693.

Triboelectric nanogenreator has been demonstrated as an effective means for converting mechanical
energy. Since the effectiveness of triboelectric charged surface being charged is strongly dependent on the
surface adsorbed molecules, we show that the triboelectric nanogenerator, made of polyamide 6,6 (PA)
film or polytetrafluoroethylene (PTFE) film, can serve as a self-powered active sensor for detecting water or
ethanol in gas or liquid phase. The performance of the active sensors has been understood in reference to
the levels of wettability of solid polymer surfaces. This new approach for sensing could be advantageous of
simple fabrication, low-cost and easy application.

MR RR[16]
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*32. T. Nakayama, O. Kubo, Y. Shingaya, S. Higuchi, T. Hasegawa, C.-S. Jiang, T. Okuda, Y. Kuwahara, K.
Takami, M. Aono, “Development and application of multiple-probe scanning probe micro- scopes”,
Advanced Materials 24 (2012) 1675.

We reviewed multiple-probe scanning probe microscopes (MP-SPMs), in which two, three or four
scanning tunneling microscope (STM) or atomic force microscope (AFM) probes are operated independently.
Each probe in an MP-SPM is used not only for observing high-resolution STM or AFM images but also for
forming an electrical contact enabling nanoscale local electrical conductivity measurement. We developed
the world’s first double-probe STM (DP-STM) and directly observed ballistic transport of electrons through
one-dimensional metal nanowires and carbon nanotubes. Quadruple-probe STM (QP-STM) has also been
developed and clarified the conductivity of two-dimensionally polymerized Cg, films without the ambiguity
of contact resistance between the probe and sample. Moreover, a quadruple-probe AFM (QP-AFM) with four
tuning-fork-type self-detection force sensor has been developed to measure the conductivity of a
nanostructure on an insulating substrate.

MEREL7]

*33. M.S. Wang, D. Golberg, Y. Bando, “Tensile tests on individual single-walled carbon nanotubes:
Linking nanotube strength with its defects”, Adv. Mater. 22 (2010) 4071.

In this work, we present the first reported set of tensile strength measurements on twelve individual
carbon singlewalled nanotubes (SWNTs). We applied a technique that is able to produce an individual
SWNT by a consecutive stepwise in situ electrical breakdown of multiwalled C nanotube (MWNT) shells
inside a high resolution transmission electron microscope (HRTEM) equipped with a conducting atomic force
microscope (AFM) unit. The tensile properties of thus produced tubes were then investigated by correlating
the tensile strength and types, and sites of structural defects under direct tube lattice imaging (spatial
HRTEM resolution was ~1.7 A). The SWNTSs of various structures/morphologies exhibited different fracture
strength ranging from 25 GPa to ~100 GPa, the latter approaching the theoretical limit. The tubes with
relatively higher strength possessed visibly perfect shell structures. By contrast, significant strength
reduction in low-strength samples was attributed to clearly identifiable shell structural defects, e.g. atomic
steps containing spatially separated 5/7 C-ring pairs.

*34. X.L. Wei, M.S. Wang, Y. Bando, D. Golberg, “Tensile tests on individual multi-walled boron nitride
nanotubes”, Aadv. Mater. 22 (2010) 4895.

Herein we reported the first detailed measurements regarding the mechanical responses of individual
multi-walled boron nitride nanotubes (BNNTs) under tensile loading or pulling-out of nested multi-walled
BNNTs inside a high-resolution transmission electron microscope (HRTEM) equipped with an integrated
atomic force microscope (AFM) system within the side-entry transmission electron microscope (TEM) holder.
By measuring the applied forces and tube lengths until tubes broke, we obtained real stress-strain curves
from which the ultimate tensile strengths and strains, and the Young’'s modulus of tubes were directly
calculated. The tensile strength reached 33 GPa, and the Young’s modulus might be up to 1.3 TPa. Also,
under parallel HRTEM observations we unambiguously determined the breaking sites, broken shell number
and tube diameters, and also the atomic structures of tubes. This enabled us to explore the effects of
experimental conditions (such as mechanical system misalignment and the tube atomic structures) on the
first time measured mechanical quantities.

ZE AR [18]

*35. C. Li, T. Sato, Y. Yamauchi, “Electrochemical synthesis of one-dimensional mesoporous Pt nanorods
utilizing surfactant- micelle assembly in confined space”, Angew. Chem. Int. Ed. 52 (2013) 8050.
One-dimensional (1D) metallic nanostructures, particularly those composed of noble metals, have
sparked great scientific interest for practical applications, owing to their uniquely anisotropic structure. In
recent advances in energy conversion materials, one-dimensional (1D) materials have been widely
demonstrated to be particularly effective as electrocatalysts for the methanol oxidation reaction (MOR) and
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oxygen reduction reaction (ORR) at low cost. We successfully designed self-supported 1D mesoporous Pt
nanowires by all-wet electrochemical synthesis inside the confined space of PC membrane. The 1D motifs
exhibited high activity and CO-tolerant performance in the electro-oxidation of methanol, and our MPNRs
showed only 31 % loss of ESCA even after harsh accelerated durability test. Thus, the self-supported
mesoporous structures are highly desired in high activity and stability for the large surface area with less
aggregation and ripening of Pt nanoparticles. Such geometrically favorable factors will provide a new
avenue in designing highly efficient electrocatalysts used in artificial energy conversion systems.

*36. H. Ataee-Esfahani, M. Imura, Y. Yamauchi, “All-metal mesoporous nanocolloids: Solution-phase
synthesis of core-shell PA@Pt nanoparticles with a designed concave surface”, Angew. Chem. Int. Ed.
52 (2013) 13611.

In recent years, many efforts have been made for the synthesis of shape- and size-controlled metal
colloidal nanoparticles which can bring out novel physical and chemical properties. Bimetallic nanoparticles
have often shown superior catalytic activities over their monometallic counterparts, due to the synergetic
effect of the second metal. However, heterogeneous bimetallic nanoparticles, such as core-shell structures,
are difficult to be prepared in comparison with monometallic nanoparticles. Our target in this study is the
synthesis of ‘mesoporous metal nanoparticles’ with high indexed facets which can provide high catalytic
active sites for catalytic reactions, especially in electro-oxidation reactions. Mesoporous metal nanoparticles
with concave surface can provide not only high surface area but also abundant active sites for catalytic
reactions. Our approach based on all-wet process in low concentrated surfactant solution is widely
applicable to other metal and alloy systems and also will be utilized as a promising approach for industrial
mass-production.

MZE R [19]

*37. J. Labuta, S. Ishihara, T. Sikorsky, Z. Futera, A. Shundo, L. Hanykova, J. V. Burda, K. Ariga, J. P. Hill,
“NMR spectroscopic detection of chirality and enantiopurity in referenced systems without formation
of diastereomers”, Nature Commun. 4 (2013) 2188.

In drug manufacturing, it is also important to determine their optical purity in each stage of synthesis.
This research reports a novel technique for determining optical purity by utilizing nuclear magnetic
resonance (NMR) and a new symmetrically-structured porphyrin resolving agent. The molecules do not
form structural isomers (diastereomers) even when they bind with a chiral object of measurement. The
mechanism of this technique is based on the breakdown of the structural symmetry of the porphyrin
resolving agent by the bonding of chiral molecules. The developed symmetrical achiral porphyrin resolving
agent offers high versatility as well as universality enabling measurement of the optical purity of diverse
species of chiral molecules, such as chiral carboxylic acids, esters, protected amino acids, ketones, alcohols,
and others.

*38. T. Mori, M. Akamatsu, K. Okamoto, M. Sumita, Y. Tateyama, H. Sakai, J. P Hill, M. Abe, K. Ariga,
“Micrometer-level naked-eye detection of cesium particulates in the solid state”, Sci Tech. Aadv.
Mater. 14 (2013) 015002.

As a result of the accident at Nuclear Power Plant following the Great East Japan Earthquake of March
2011, a large amount of radioactive substances, cesium 137, leaked and contaminated a wide area. This
research developed a fluorescent probe that detects cesium ion using supermolecular interaction. It is
possible to visualize the distribution of cesium ion with submillimeter accuracy even on ground and in living
plants. This detection mechanism adopted the deprotonation of phenols as a probe reaction. Interaction
with an electron-accepting 4-nitrophenyl ether group can occur upon effective inclusion of Cs cation
through a variable-length polyethylene glycol chain with the aim of selectively detection.

IR ER[20]

*39. C. Hoang, M. Oyama, O. Saito, M. Aono, T. Nagao, “Monitoring the presence of ionic mercury in
environmental water by plasmon-enhanced infrared spectroscopy,” Scientific Reports 3 (2013) 1175.
NIMS - 10



A 2

In the past decade, vaporized mercury emission from coal-fired generators as well as small-scale Au
mines has been increasing and causing ubiquitous pollution of atmosphere as well as environmental water
across the border. The detection methods of mercury from air has been widely studied and commercialized,
but the detection method for environmental water is still premature. We demonstrate the ppt-level
single-step selective monitoring of the presence of mercury ions (Hg?") dissolved in environmental water by
plasmon-enhanced vibrational spectroscopy. We combined a nanogap-optimized mid-infrared plasmonic
structure with mercury-binding DNA aptamers to monitor in situ the spectral evolution of the vibrational
signal of the DNA induced by the mercury binding. For example, with natural water from Lake Kasumigaura
(Ibaraki Prefecture, Japan), direct detection of Hg** with a concentration as low as 37 ppt (37x10™° %) was
readily demonstrated, indicating the high potential of this simple method for environmental and chemical
sensing of metallic species in aqueous solution.

*40. J. Wi, S. Tominaka, T. Nagao, “Arrays of nanoscale gold dishes containing engineered sub-
structures,” Aadv. Opt. Mater. 1 (2013) 814.

Increasing interest exists, but still it is difficult to monitor the states of the electromagnetic nearfield and
chemical states of individual nano-materials when the probing area are smaller than that of the wavelength
of the visible light commonly used for optical microscope. In this article, we demonstrated that by using the
well-engineered Au nanostructures, it is possible to control the enhancement of SERS signal and thereby to
read the direction of the light polarization around the nanometer-scale small objects. Furthermore,
bi-metallic nanostructures, in which chemically active materials are positioned inside the plasmonic dishes,
allow to monitor the progress of the chemical reaction occurring at the nanoscale space. These results
illustrate unprecedented flexibility in integrating the physically synthesized plasmonic substructures which
are expected to be highly useful in real time monitoring nanoscopic light-matter interactions and
biochemical reactions.

I) #7325 #@®X

*} 7L 321, M. Osada, T. Sasaki, “Two-dimensional dielectric nanosheets: Novel nanoelectronics from
nanocrystal building blocks”, Adv. Mater. 24 (2012) 210.

Two-dimensional (2D) nanosheets, which possess atomic or molecular thickness and infinite planar
lengths, are attractive for the use in next-generation nanoelectronics. Despite significant advances in
graphene-like 2D materials, it remains a challenge to explore high-4 dielectric counterparts of graphene,
which are essential for many devices such as memories, capacitors, and gate devices. In this paper, we
review the progress made in 2D dielectric oxide nanosheets, highlighting emerging functionalities in
electronic applications. Ti- and perovskite-based nanosheets exhibit the highest permittivity (&, =
210~320) ever realized in all known dielectrics in the ultrathin region (< 10 nm). A layer-by-layer
engineering using these oxide nanosheets promises unique possibilities in the design of thin-film device
architectures, such as capacitors, transistors, artificial ferroelectrics and spin-electronics. Graphene is only
the tip of the iceberg, and we are now starting to discover new possibilities afforded by 2D oxides.

*A 73> 2. 1 Valov, I. Sapezanskaia, A. Nayak, T. Tsuruoka, T. Bredow, T. Hasegawa, G. Staikov, M.
Aono and R. Waser, “Atomically controlled electrochemical nucleation at superionic solid
electrolyte surfaces”, Nature Materials 11 (2012) 530.

In this research, we have succeeded in adopting electronic conductivity to super-ionic material with
keeping the property of ionic conductor, which is needed for the solid electrochemical reaction. This
enabled the first STM observation of a super-ionic material. Namely, charge transfer between the STM tip
and the material to cause the chemical reaction, and STM observation of Redox reaction in which metal
atoms precipitate become possible. The experiment revealed that precipitation of metal atoms due to the
reduction process of solid electrochemical reaction requires a certain time (time lag) after bias application.
It was also reveled that bias larger than a certain threshold value makes the time lag negligible small. As
such, the atomic-scale observation revealed many phenomena; those are not detectable in macroscopic
observations.
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*} 7 323, Q. Liang, L. Wu, X. Hu, “Electrically tunable topological state in [111] perovskite materials
with an antiferromagnetic exchange field”, New J. Phys. 15 (2013) 063031-1.

We propose a scheme of band engineering by means of staggered electric potential, anti- ferromagnetic
exchange field and spin—orbital coupling for electrons on a honeycomb lattice. With fine control on the
degrees of freedom of spin, sublattice and valley, one can achieve a topological state with simultaneous
non-zero charge and spin Chern numbers. In terms of first principles calculations, we demonstrate that the
scheme can be realized by material modification to perovskite G-type antiferromagnetic insulators, such as
LaCrO3 grown along the [111] direction, where Dirac electrons are contributed from Au+3 ions which
replace Cr ions on an atomic sheet of buckled honeycomb lattice. In a finite sample, this state provides a
spin-polarized zero-resistance edge current optimally up to room temperature, robust to both non-magnetic
and magnetic defects. The spin polarization is reversible by electric field while the whole system does not
show net magnetization, which is extremely ideal for spintronics.

*# i, a2 4. T. Tsuchiya, K. Terabe, M. Aono, “All-solid-state electric-double-layer transistor based on
oxide ion migration in Gd-doped CeO, on SrTiO3 single crystal”, Appl. Phys. Lett. 103 (2013)
073110.

An all-solid-state electric-double-layer transistor (EDLT) with a Gd-doped CeO2 (GDC) oxide
ionconductor/SrTiO3 (STO) insulator structure has been developed. At 473 K, the drain current of the EDLT
was well controlled, from less than nA order to u A order, by electrostatic carrier doping at the GDC/STO
interface due to oxide ion (O%) migration in the GDC, in contrast to an inactiveness at room temperature.
The EDL capacitance at the interface, measured with an AC impedance spectroscopy, was 14 uF cm?,
higher than that reported for a microporous-SiO, EDLT and comparable to that of an ionic-liquid-gated
EDLT.

*2} 73 325, T.Yamaguchi, E. Watanabe, H. Osato, D. Tsuya, K. Deguchi, T. Watanabe, H. Takeya, Y.
Takano, S. Kurihara, H. Kawarada, “Low-temperature transport properties of holes introduced by
ionic liquid gating in hydrogen- terminated diamond surfaces”, J. Phys. Soc. Jpn 82 (2013)
074718.

The surface conductivity of (111)- and (100)-oriented hydrogen-terminated diamonds was investigated
at low temperatures for different carrier densities. The carrier density was controlled in a wide range in an
electric doublelayer transistor configuration using ionic liquids. As the carrier density was increased, the
temperature dependences of sheet resistance and mobility changed from semiconducting to metallic ones:
the sheet resistance and mobility for the (111) surface were nearly independent of temperature for a sheet
carrier density of ~4 x 10" cm™, indicating metallic carrier transport. It was also found that the interface
capacitance, determined from the gate voltage dependence of the Hall carrier density, depended
significantly on the crystal orientation.
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 T. Sasaki: Next-generation electronics using inorganic nanosheets (2008) [Budget: 167,863,800 yen]
* K. Ariga: Dynamic interfacial nanotechnology (2009) [Budget: 88,465,000 yen]
* T. Hasegawa: Three-terminal nonvolatile device 'atom transistor' (2009) [Budget: 117,390,000 yen]
* T. Nagao: Control of interfacial electromagnetic field and utilization of thermal energy in the
heterolayer of ceramics (2013) [Budget: 201,500,000 yen]

BEHRIEM R ES X (& EM(F (PRESTO))

* N. Fukata: Vertical three-dimensional semiconductor devices (2007) [Budget: 49,270,000 yen]

* Y. Tateyama: Reaction design for redox reactions on solid/solution interfaces (2007) [Budget:
44,265,000 yen]

* Y. Yamauchi: Next-generation magnetic record media (2008) [Budget: 106,600,000 yen]

* L. Sang: Multi-band engineering of I11-Nitride for high efficiency photoelectricity energy conversion
devices (2012) [Budget: 53,300,000 yen]

* N. Shirahata: Well-designed nanostructures of monolayers/semiconductors for
environmentally-friendly optoelectronic applications (2013) [Budget: 52,000,000 yen]

MEHRE HEBHREW
* K. Tsukagoshi: High-performance atomic film device (2009) [Budget: 47,060,000 yen]
* T. Nakayama: New functional scanning probes (2010) [Budget: 48,490,000 yen]
* A. Belik: Functional transition metal oxides (2010) [Budget: 47,970,000 yen]
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* Y. Okawa: Measurement of functions of single molecular device wired by conductive macromolecular
chain (2012) [Budget: 37,700,000 yen]

 T. Uchihashi: Development and control of superconductivity in super structure of semiconductor
surface (2013) [Budget: 34,200,000 yen]

HEHRE BHFHAREES
* T. Nagao: Metallic nano-materials and infrared plasmons (2008) [Budget: 88,900,000 yen]
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* M. Ebara: Development of early detection method by on-site infection disease biomarker in low
infrastructure regions (2013) [Budget: 18,500,000 yen]
* S. Moriyama: Observation of electron orbit and electromagnetic response of controlling element for a
single relativistic particle (2013) [Budget: 19,600,000 yen]

ot - RIREFAFEZIE T 05 S5 L (NEXT Program)
* N. Fukata: Next-generation high efficiency solar cells using functionalized silicon nanostructures
(2010) [Budget: 113,100,000 yen]

MERRFERMAXZIETO T 5 L (A-STEP)
» T. Chikyow: Fabrication of ZnO green LED with super low electric power consumption on Si base
(2011) [Budget: 20,800,000 yen]
» T. Chikyow: Development of ferroelectric capacitor for next-generation power semiconductor enabling
ultrahigh efficient energy conversion (2013) [Budget: 20,410,000 yen]

ISTRERETOT Z L
* G. Chen: Development of fabrication apparatus system for medical porous materials (2012) [Budget:
6,500,000 yen]
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1. F. Geng, R. Ma, A. Nakamura, K. Akatsuka, Y. Ebina, Y. Yamauchi, N. Miyamoto, Y. Tateyama,
and T. Sasaki, “Unusually stable ~100-fold reversible and instantaneous swelling of inorganic
layered materials”, Nature Commun. 4 (2013) 1632.

A massive monolithic swelling of layered materials has been achieved in aqueous solution of
2-dimethylaminoethanol (DMAE), which was up to 100-fold with the gallery spacing increased from
0.9 nm to 90 nm. With quantitative analysis, it was determined that the largely expanded space was
primarily occupied with H,O along with minor trace of the DMAE. The swollen phase was unusually
stable with no obvious observation of peeling or translational shifts during the swelling process,
maintaining a nearly perfect three-dimensional lattice structure of >3000 layers. First-principle
simulations of the molecules in the gallery yielded a long-range directional structuring of the H,O
molecules that may help to stabilize the highly swollen structure. The crystals could also
instantaneously shrink back to their original sizes.

2. F.Geng, R. Ma, Y. Ebina, Y. Yamauchi, N. Miyamoto and T. Sasaki, “Gigantic swelling of inorganic
layered materials: A bridge to molecularly thin two-dimensional nanosheets”, J. Am. Chem. Soc.
136 (2014) 5491.

The macroscopic swelling could be realized in a wide variety of amines, ranging from primary
amine, tertiary amine, to quaternary ammonium hydroxide, with little dependence on ion identity. The
ammonium ion intercalation was mostly determined by the acid-base equilibrium and the accompany
H,O inflow was governed by osmotic pressure balance between the gallery and the solution
environment, both of which are substantially molarity dependent. Therefore, in most cases, the
ammonium ion intercalation saturated at a value of 37% relative to the exchange capacity, and the
maximum swelling degree was ~100-fold with gallery expansion of ~90 nm. Although the swelling
process was unselective, the nature of the intercalated ion was critical to the stability of the resulting
swollen structure; that is, ions of higher polarity and smaller size helped stabilize the highly expanded
structure, while ions of low polarity and larger size readily led to exfoliation.

3. R. Ma, T. Sasaki, “"Nanosheets of oxides and hydroxides: Ultimate 2D charge-bearing functional
crystallites”, Adv. Mater. 22 (2010) 5082. (Invited Review Article).

This is an invited review article focusing on the recent progress on oxide and hydroxide
nanosheets as an intriguing class of graphene-like 2D materials. A wide variety of monodisperse
nanosheets have been produced by exfoliating layered precursory compounds via osmotic swelling.
The nanosheets were found to show new and enhanced physicochemical properties associated with
the exceptionally unique structure. Thus the nanosheets are very useful as functional building blocks.
Various solution-based processes can be applied to organize them into precisely controlled
nanostructures such as nanofilms, hollow nanospheres, nanotubes, nanocomposites and so on.
Through this approach, a range of functional materials and nanodevices have been developed;
photocatalytic coating films, high-k nanofilms, electrode matereials.

4. M. Osada, G. Takanashi, B. W. Li, K. Akatsuka, Y. Ebina, K. Ono, H. Funakubo, K. Takada, T.

Sasaki, “Controlled polarizability of one-nanometer-thick oxide nanosheets for tailored, high-x
nano-dielectrics”, Adv. Funct. Mater. 22 (2011) 3482.
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The ever-increasing requirements on smaller, higher-performance electronic devices result in
efforts to incorporate new materials into microelectronics, in order to overcome the physical limits of
current materials. In this context, the latest Semiconductor Roadmap predicts the implementation of
high-x ultrathin films (< 10 nm) in future applications. In this paper, we reported a rational approach
to produce high performance nanodielectrics using 1-nm-thick oxide nanosheets. In titano-niobate
nanosheets (TiNbOs, Ti,NbO;, TisNbO;4), the octahedral distortion inherent to site engineering by Nb
incorporation resulted in a giant molecular polarizability, and their multilayer nanofilms exhibited high
dielectric constant (160-320), the largest value being seen so far in high-x nanofilms with the
thickness down to 10 nm. Furthermore, these nanosheets offered simultaneous improvements in
temperature dependence, lower loss and leakage current. Our work provides a new recipe for
designing nanodielectrics desirable for practical high-x devices.

5. M. Osada, T. Sasaki, “Two-dimensional dielectric nanosheets: Novel nanoelectronics from nano-

crystal building blocks”, Adv. Mater. 24 (2012) 210.

Two-dimensional (2D) nanosheets, which possess atomic or molecular thickness and infinite planar
lengths, are attractive for the use in next-generation nanoelectronics. Despite significant advances in
graphene-like 2D materials, it remains a challenge to explore high-- dielectric counterparts of
graphene, which are essential for many devices such as memories, capacitors, and gate devices. In
this paper, we review the progress made in 2D dielectric oxide nanosheets, highlighting emerging
functionalities in electronic applications. Ti- and perovskite-based nanosheets exhibit the highest
permittivity (&€, = 210~320) ever realized in all known dielectrics in the ultrathin region (< 10 nm). A
layer-by-layer engineering using these oxide nanosheets promises unique possibilities in the design of
thin-film device architectures, such as capacitors, transistors, artificial ferroelectrics and
spin-electronics. Graphene is only the tip of the iceberg, and we are now starting to discover new
possibilities afforded by 2D oxides.

6. T. Ohno, T. Hasegawa, T. Tsuruoka, K. Terabe, J. K. Gimzewski, M. Aono, “Short-term plasticity

and long-term potentiation mimicked in single inorganic synapses”, Nature Mater. 10 (2011) 591.

Memory is believed to occur in the human brain as a result of two types of synaptic plasticity:
short-term plasticity (STP) and long-term potentiation. In neuromorphic engineering, emulation of
known neural behavior has proven to be difficult to implement in software because of the highly
complex interconnected nature of thought processes. In this study, we have succeeded in emulating
the synaptic behavior using a single Ag,S-based atomic switch. The synaptic functions of both STP
and LTP characteristics through the use of input pulse repetition time were demonstrated. The results
have attracted much attention because it achieves dynamic memorization in a single device without
the need of external preprogramming, indicating a potential for the further creation of artificial neural
systems that emulate characteristics of human memory.

7. R.Yang, K. Terabe , G. Liu, T. Tsuruoka , T. Hasegawa, J. K. Gimzewski , M. Aono, “On-deman
nanodevice with electrical and neuromorphic multifunction realized by local ion migration”, ACS
Nano 6 (11) (2012) 9515.

In this paper, electrical and neuromorphic multifunctions were demonstrated using a WOs.-based
gapless-type atomic switch, in which migration of oxygen ions are controlled. The device showed a
wide range of time scales of memorization, resistance switching, and rectification varying from volatile
to permanent in a single device. The device, showing on-demand electrical and neuromorphic
multifunction, has a unique paradigm shifting potential for the fabrication of configurable circuits,
analog memories, digital neural fused networks, and more in one device architecture.

8. A. V. Avizienis, H. O. Sillin, C. Martin-Olmos, H.-H. Shieh, M. Aono, J]. K. Gimzewski,
“Neuromorphic atomic switch networks”, PLoS ONE 7 (2012) e42772.
Conventional fabrication techniques are unable to efficiently generate electronic devices with the
highly complex interconnectivity found in biological neuronal networks. In this paper, we
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demonstrated the physical realization of a self-assembled neuromorphic device comprised of over a
billion interconnected atomic switch elements that exhibit synapse-like operational characteristics
embedded in a complex network of silver nanowires. Observations of these atomic switch networks
(ASN) were in agreement with recent theoretical predictions, while emergent behaviors akin to brain
function are observed, namely spatially distributed memory, recurrent dynamics and the activation of
feedforward subnetworks. These devices display the functional characteristics required for
implementing unconventional, biologically and neurally inspired computational methodologies in a
synthetic experimental system.

9. A. Z. Stieg, A. V. Avizienis, H.O. Sillin, C. Martin-Olmos, M. Aono, J. K. Gimzewski, “Emergent
criticality in complex Turing B-type atomic switch networks”, Adv. Mater. 24 (2012) 286.

The operation of atomic switches as individual synapse-like devices has demonstrated the ability
to process information with both short-term and long-term memorization in a single two terminal
junction. In this paper, atomic switches were self-assembled within a highly interconnected network
of silver nanowires similar in structure to Turing’s “B-Type unorganized machine”. These atomic
switch networks (ASN) exhibited emergent criticality similar in nature to previously reported electrical
activity of neuronal assemblies. Rapid fluctuations in electrical conductance display power law scaling
of temporal correlation lengths that were attributed to dynamic reorganization of the interconnected
electroionic network. These collective properties indicate a potential utility for real-time, multi-input
processing of distributed sensory data through reservoir computing. We proposed these highly
coupled, nonlinear electronic networks as an implementable hardware-based platform toward the
creation of physically intelligent machines.

10. H. O. Sillin, H.-H. Shieh, R. Aguilera, A. V. Avizienis, M. Aono, A. Z. Stieg, J. K. Gimzewski, “A
theoretical and experimental study of neuromorphic atomic switch networks for reservoir
computing”, Nanotechnology 24 (2013) 384004.

Atomic switch networks (ASN) have been shown to generate network level dynamics that
resemble those observed in biological neural networks. In this paper, we developed and validated a
numerical model based on the synapse-like properties of individual atomic switches and the random
nature of the network wiring. The reported results highlighted the possibility to functionalize the
network plasticity, differences between an atomic switch in isolation and its behaviors in a network, as
well as the effects of changing network connectivity on the observed nonlinear dynamics. To
demonstrate their utility for computation, we subjected the simulated network to training within the
framework of Reservoir Computing (RC) and showed initial evidence of the ASN acting as a reservoir
which may be optimized for specific tasks. This work represented initial steps in a unified approach of
experimentation and theory to make ASNs a uniquely scalable platform for neuromorphic computing.

11. Y.-J. Kim, M. Ebara, T. Aoyagi, “A smart hyperthermia nanofiber with switchable drug release for
inducing cancer apoptosis”, Adv. Func. Mater. 23 (2013) 5753.

A smart hyperthermia nanofiber is described with simultaneous heat generation and drug release
in response to ‘on-off ' switching of alternating magnetic field (AMF) for induction of skin cancer
apoptosis. The nanofiber is composed of a chemically-crosslinkable temperature-responsive polymer
with an anticancer drug (doxorubicin; DOX) and magnetic nanoparticles (MNPs), which serve as a
trigger of drug release and a source of heat, respectively. The 70% of human melanoma cells died in
only 5 min application of AMF in the presence of the MNPs and DOX incorporated nanofibers by
double effects of heat and drug. Taken together these advantages on both the nano- and
macroscopic scale of nanofibers demonstrate that the dynamically and reversibly tunable structures
have the potential to be utilized as a manipulative hyperthermia material as well as a switchable drug
release platform by simple switching an AMF ‘on’ and “off .

12. L.-B. Vong, T. Tomita, T. Yoshitomi, H. Matsui, Y. Nagasaki, “An orally administered redox
nanoparticle that accumulates in the colonic mucosa and reduces colitis in mice”,

NIMS - 3



e 2

Gastroenterology 143, (2012) 1027.

Ulcerative colitis (UC) is a chronic inflammatory disease of the colon area. Current treatments
include anti-inflammatory and immunosuppressive drugs; however, these medications are not always
effective because of non-specific distribution, drug metabolism, and side effects. In this study, we
have developed a novel nitroxide radical-containing nanoparticle (RNP), which scavenges reactive
oxygen species (ROS). A size of approximately several tens of nanometers is important for long-term
retention in colon. Here we found that the concentration of RNP in the colonic mucosa is almost 50
times higher than that of conventional low-molecular-weight drugs. Interestingly, an even higher
accumulation of nanoparticles was observed in the colonic mucosa of dextran sodium sulfate
(DSS)-induced colitis mice. Additionally, nanoparticles did not enter the bloodstream through the
intestinal wall, despite its long-term retention in the colonic mucosa. Based on these characteristics,
oral nanotherapy of RNP showed an extremely high therapeutic and safe effect on UC.

13. G. Yoshikawa, T. Akiyama, S. Gautsch, P. Vettiger, H. Rohrer, "Nanomechanical membrane-type
surface stress sensor", Nano Letters 11 (2011) 1044.

In this paper, we presented a membrane-type surface stress sensor (MSS), which is based on the
piezoresistive read-out integrated in the sensor chip. The MSS originates from a conventional
cantilever structure, while we found that the membrane-based structure can achieve much better
performance. Evaluation of a prototype MSS used in the present experiments demonstrates a high
sensitivity which is comparable with that of optical methods and a factor of more than 20 higher than
that obtained with a standard piezoresistive cantilever. The finite element analyses indicate that
changing dimensions of the membrane and beams can substantially increase the sensitivity further.
Given the various conveniences and advantages of the integrated piezoresistive read-out, this
platform is expected to open a new era of surface stress-based sensing.

14. G. Yoshikawa, F. Loizeau, C. J. Lee, T. Akiyama, K. Shiba, S. Gautsch, T. Nakayama, P. Vettiger,
N. F. de Rooij, M. Aono, "Double-side-coated nanomechanical membrane-type surface stress
sensor (MSS) for one-chip- one-channel setup", Langmuir 29 (2013) 7551.

One of the major issues of nanomechanical sensors is the difficulty of coating receptor layers on
their surfaces to which target molecules adsorb or react. To have measurable deflection, a single-side
coating is commonly applied to cantilever-type geometry, and it requires specific methods or protocols,
such as inkjet spotting or gold—thiol chemistry. In this paper, we demonstrated the feasibility of the
double-side coating on a membrane-type surface stress sensor (MSS) and verify its working principle
by both finite element analysis (FEA) and experiments. In addition, simple hand-operated dip coating
is demonstrated as a proof of concept, achieving practical receptor layers without any complex
instrumentation. The compatibility with double-side coating enables MSS to be applied to most
standard assays in medical and biological fields.

15. H. Zhou, J. Guo, P. Li, Tongxiang Fan, Di Zhang, J. Ye, “Leaf-architectured 3D hierarchical
artificial photosynthetic system of perovskite titanates towards CO, photoreduction into
hydrocarbon fuels”, Scientific Reports 3 (2013) 1667.

As a nano-life science-inspired nanoarchitectonics, here we report an unique strategy for
constructing a promising 3D artificial photosynthetic system (APS) for efficient CO, photoreduction
into hydrocarbon fuels. Natural leaf is a synergy of complex architectures and functional components
to produce an amazing bio-machinery for photosynthesis. Mimicking the structural and functional
elements in the natural photosynthesis should be promising to achieve an efficient artificial
photosynthetic system. In this work, by using leaves of cherry tree as the template, we have
successfully fabricated perovskite titanates (e.g., SrTiO;, CaTiO3) with a modified sol-gel method.
After acid treatment and calcination at 600°C, organics could be removed completely, leaving
crystalline perovskite titanates. The obtained material preserves the morphological features of leaf at
multi-scaled levels. It was found that leaf-architectured SrTiO; exhibits about a 3.5~4 fold
improvement in activities than the referenced SrTiOs; synthesized without templates. A further
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mechanism study revealed that the enhanced conversion efficiency of CO, into hydrocarbon fuels can
be attributed to the synergistic effect of efficient mass flow/light harvesting network relying on the
morphological replacement of a concept prototype-leaf’s 3D architecture.

16. Z.Yi, J. Ye, N. Kikugawa, T. Kako, S. Ouyang, H. Stuart-Williams, H. Yang, J. Cao, W. Luo, Z. Li,
Y. Liu, R. L. Withers, “"An orthophosphate semiconductor with photooxidation properties under
visible-light irradiation”, Nature Mater. 9 (2010) 559.

The search for active semiconductor photocatalysts that directly split water under visible-light
irradiation remains one of the most challenging tasks for solar-energy utilization. Over the past 30
years, the search for such materials has focused mainly on metal-ion substitution as in In;,NiyTaO4
and (V-, Fe- or Mn-)TiO,, non-metal-ion substitution as in TiO,,Ny, and Sm,Ti,OsS, or solid-solution
fabrication as in (GajxZny)(N1Oy) and ZnS—CulnS,—AgInS,. Here we report a new photocatalyst
AgsPO,4, which was developed by incorporating p block element into a simple AgO oxide with narrow
band gap. The new photocatalyst showed extremely high quantum yield (~90% at 420 nm) towards
water oxidation, which is one of the key process for artificial photosynthesis, under visible light
irradiation. The obtained quantum vyield marked the world’s highest record, approaching that in
natural photosynthesis. The new photocatalyst also showed amazing activity in decomposition of
organic contaminants in aqueous solution. This study not only supplies a new strategy for developing
highly efficient visible-light-driven photocatalysts, but also shows a great step towards the realization
of an artificial photosynthetic system.

17. Q.-F. Liang, Z. Wang, X. Hu, “Manipulation of Majorana fermions by point-like gate voltage in
the vortex state of a topological superconductor”, Europhys. Lett. 99 (2012) 50004. [Editor's
Choice].

A vortex in a topological superconductor induces two Majorana fermions (MFs), one in the core
and the other at the sample edge. Here we demonstrate that edge MFs can be transported and
braided by turning gate voltages on and off at the point-like constriction junctions between samples.
The controllable high mobility of edge MFs is due to the topological property, namely an edge MF
appears only when the sample perimeter includes odd number of vortices. As shown explicitly by
solving the time-dependent Bogoliubov-de Gennes equation, disturbance to the quantum coherence
of MFs during braiding is negligibly small in this scheme due to the point-like application of the gate
voltage. The present work bridges for the first time the fundamental topological features of edge MFs
and their adiabatic dynamics which is important for performing topological quantum computation.

18. T. Uchihashi, P. Mishra, M. Aono, T. Nakayama, "Macroscopic superconducting current through a
silicon surface reconstruction with indium adatoms: Si(111)-(N7x\3)-In", Phys. Rev. Lett, 107
(2011) 207001. [Highlighted as an Editor's Suggestion and a Viewpoint in Physics].

Macroscopic and robust supercurrents are observed by direct electron transport measurements on

a silicon surface reconstruction with In adatoms [Si(111)-(vV7xV3)-In]. The superconducting

transition manifests itself as an emergence of the zero resistance state below

2.8 K. -V characteristics exhibit sharp and hysteretic switching between superconducting and normal

states with well-defined critical and retrapping currents. The two-dimensional (2D) critical current

density Jp,cis estimated to be as high as 1.8 A/mat 1.8 K. The temperature dependence
of Jp,. indicates that the surface atomic steps play the role of strongly coupled Josephson junctions.

19. Q. Liang, L. Wu, X. Hu, “Electrically tunable topological state in [111] perovskite materials with
an antiferromagnetic exchange field”, Mew J. Phys. 15 (2013) 063031-1.

We propose a scheme of band engineering by means of staggered electric potential, anti-
ferromagnetic exchange field and spin—orbital coupling for electrons on a honeycomb lattice. With fine
control on the degrees of freedom of spin, sublattice and valley, one can achieve a topological state
with simultaneous non-zero charge and spin Chern numbers. In terms of first principles calculations,
we demonstrate that the scheme can be realized by material modification to perovskite G-type
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antiferromagnetic insulators, such as LaCrO3 grown along the [111] direction, where Dirac electrons
are contributed from Au+3 ions which replace Cr ions on an atomic sheet of buckled honeycomb
lattice. In a finite sample, this state provides a spin-polarized zero-resistance edge current optimally
up to room temperature, robust to both non-magnetic and magnetic defects. The spin polarization is
reversible by electric field while the whole system does not show net magnetization, which is
extremely ideal for spintronics.

20. T. Tsuchiya, K. Terabe, M. Aono, “All-solid-state electric-double-layer transistor based on oxide
ion migration in Gd-doped CeO, on SrTiOs single crystal”, Appl. Phys. Lett. 103 (2013) 073110.

An all-solid-state electric-double-layer transistor (EDLT) with a Gd-doped CeO, (GDC) oxide
ionconductor/SrTiO; (STO) insulator structure has been developed. At 473 K, the drain current of the
EDLT was well controlled, from less than nA order to u A order, by electrostatic carrier doping at the
GDC/STO interface due to oxide ion (O*) migration in the GDC, in contrast to an inactiveness at room
temperature. The EDL capacitance at the interface, measured with an AC impedance spectroscopy,
was 14 uF cm™, higher than that reported for a microporous-SiO, EDLT and comparable to that of
an ionic-liquid-gated EDLT.
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Counterpart of an Agreement:

Name of an Agreement:
Dates of an Agreement:

Summary of an Agreement:

Department of Chemistry, Kent State University, USA
Memorandum of Understanding (MOU) for collaboration on
“Design of novel nanoporous materials”

Signed on 2008 January 10

Valid until 2013 January 10 (expired)

For joint research activities between MANA and Kent State
University, including research collaborations, exchange of
personnel and organizing workshops.

Counterpart of an Agreement:

Name of an Agreement:
Dates of an Agreement:

Summary of an Agreement:

Chemical and Biological Engineering, Rensselaer
Polytechnic Institute (RPI), USA

Memorandum of Understanding (MOU) for collaboration on
“Design of novel nanoporous materials”

Signed on 2008 February 28

Valid until 2013 February 28 (expired)

For joint research activities between MANA and RPI,
including research collaborations, exchange of personnel
and organizing workshops.

Counterpart of an Agreement:

Name of an Agreement:
Dates of an Agreement:

Summary of an Agreement:

California NanoSystems Institute (CNSI), University of
California, Los Angeles (UCLA), USA

Memorandum of Understanding (MOU) for collaboration
on “Materials Science and Technology”

Signed on 2008 March 24

Valid until 2013 March 24 (expired)

For scientific and technical cooperation between MANA
and the MANA Satellite at CNSI (PI Prof. James K.
Gimzewski).

Counterpart of an Agreement:

Name of an Agreement:
Dates of an Agreement:

Summary of an Agreement:

Center for Nanostructure Characterization (CNC), Georgia
Institute of Technology (GIT), USA

Memorandum of Understanding (MOU) for collaboration on
“Materials Nanoarchitectonics”

Signed on 2008 May 6

Valid until 2013 May 6 (expired)

For scientific and technical cooperation between MANA and
the MANA Satellite at GIT (PI Prof. Zhong Lin Wang).

Counterpart of an Agreement:

Name of an Agreement:
Dates of an Agreement:

Summary of an Agreement:

Centre National de la Recherche Scientifique (CNRS),
Regional Delegate of the Midi-Pyrénées Delegation,
Toulouse, France

Memorandum of Understanding (MOU) for collaboration on
“Materials Nanoarchitectonics”

Signed on 2008 May 30

Valid until 2013 May 30 (expired)

For scientific and technical cooperation between MANA and
the MANA Satellite at CNRS (PI Dr. Christian Joachim).

Counterpart of an Agreement:

Name of an Agreement:
Dates of an Agreement:

Summary of an Agreement:

Nanoscience Centre, University of Cambridge, UK
Memorandum of Understanding (MOU) for collaboration on
“Materials Nanoarchitectonics”

Signed on 2008 June 20

Valid until 2013 June 20 (expired)

For scientific and technical cooperation between MANA and
the MANA Satellite at University of Cambridge (Pl Prof.
Mark E. Welland).

Counterpart of an Agreement:

Name of an Agreement:

Indian Institute of Chemical Technology (IICT), India
Memorandum of Understanding (MOU) for collaboration on
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Dates of an Agreement:

Summary of an Agreement:

“Chemistry of Nanoporous Materials”

Signed on 2008 July 3

Valid until 2013 July 3 (expired)

For joint research activities between MANA and IICT,
including research collaborations, exchange of personnel
and organizing workshops.

8. | Counterpart of an Agreement: National Center of Competence for Nanoscale Science
(NCCR), Institute of Physics, University of Basel,
Switzerland

Name of an Agreement: Memorandum of Understanding (MOU) for collaboration on
“Materials Nanoarchitectonics”

Dates of an Agreement: Signed on 2008 July 22
Valid until 2013 July 22 (expired)

Summary of an Agreement: For joint research activities between MANA and NCCR,
including research collaborations, exchange of personnel
and organizing workshops.

9. | Counterpart of an Agreement: Yonsei University, Korea

Name of an Agreement: Memorandum of Understanding (MOU) for collaboration on
“Sustainable Chemical Technology and Nano-bio Fusion
Technology”

Dates of an Agreement: Signed on 2008 September 1
Valid until 2013 September 1 (expired)

Summary of an Agreement: For joint research activities between MANA and Yonsei
University, including research collaborations, exchange of
personnel and organizing workshops.

10. | Counterpart of an Agreement: Chemical and Biological Engineering, Indian Institute of
Science Education and Research (IISER), India

Name of an Agreement: Memorandum of Understanding (MOU) for collaboration on
“Design of novel nanomaterials and their application in
energy and environment”

Dates of an Agreement: Signed on 2008 December 19
Valid until 2013 December 19 (expired)

Summary of an Agreement: For joint research activities between MANA and IISER,
including research collaborations, exchange of personnel
and organizing workshops.

11. | Counterpart of an Agreement: Supramolecular Chemistry Group, Institute for Inorganic
Chemistry, University of Karlsruhe, Germany

Name of an Agreement: Memorandum of Understanding (MOU) for collaboration on
“Nanostructured Transition Metal Complexes and Oxides”

Dates of an Agreement: Signed on 2009 January 29
Valid until 2014 January 29 (expired)

Summary of an Agreement: For joint research activities between MANA and University
of Karlsruhe, including research collaborations, exchange
of personnel and organizing workshops.

12. | Counterpart of an Agreement: New Energy and Materials Leboratory (NEML), Department

Name of an Agreement:

Dates of an Agreement:

Summary of an Agreement:

of Chemistry, Fudan University, China

Memorandum of Understanding (MOU) for collaboration on
“Utilizing insulative thermo-conductive composite
materials to solve safety problems of lithium ion batteries
for electric vehicles”

Signed on 2009 March 16

Valid until 2014 March 16 (expired)

For joint research activities between MANA and NEML,
including research collaborations, exchange of personnel
and organizing workshops.
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13.

Counterpart of an Agreement:

Name of an Agreement:
Dates of an Agreement:

Summary of an Agreement:

National Centre for Catalysis Research, Indian Institute of
Technology (11T), India

Memorandum of Understanding (MOU) for collaboration on
“Chemistry of Nanoporous Materials”

Signed on 2009 April 5

Valid until 2014 April 5

For joint research activities between MANA and IIT,
including research collaborations, exchange of personnel
and organizing workshops.

14.

Counterpart of an Agreement:

Name of an Agreement:

Dates of an Agreement:

Summary of an Agreement:

Inorganic and Materials Chemistry, Institute of Inorganic
Chemistry, University of Cologne, Germany

Memorandum of Understanding (MOU) for collaboration on
“Research on Fabrication and applications of advanced
nanomaterials”

Signed on 2009 May 28

Valid until 2014 May 28

For joint research activities between MANA and University
of Cologne, including research collaborations, exchange of
personnel and organizing workshops.

15.

Counterpart of an Agreement:

Name of an Agreement:
Dates of an Agreement:

Summary of an Agreement:

Institute of Microengineering (IMT), Ecole Polytechnique
Fédérale de Lausanne (EPFL), Switzerland

Memorandum of Understanding (MOU) for collaboration on
“Cantilever and Probe Array Technology (CAPATEC)”
Signed on 2009 July 20

Valid until 2014 July 20

For joint research activities between MANA and IMT,
including research collaborations, exchange of personnel
and organizing workshops.

16.

Counterpart of an Agreement:

Name of an Agreement:
Dates of an Agreement:

Summary of an Agreement:

Center for Nanoscience & Nanotechnology & Innovative
Instrumentation (NAST), University of Rome Tor Vergata,
Italy

Memorandum of Understanding (MOU) for collaboration on
“Nanostructured Materials for Sustainable Development”
Signed on 2009 July 30

Valid until 2014 July 30

For joint research activities between MANA and NAST,
including research collaborations, exchange of personnel
and organizing workshops.

17.

Counterpart of an Agreement:

Name of an Agreement:

Dates of an Agreement:

Summary of an Agreement:

Kirchhoff Institute of Physics, University of Heidelberg,
Germany

Memorandum of Understanding (MOU) for collaboration on
“Atom-scale and mesoscale infrared plasmonic structures
at the metal-Si interfaces”

Signed on 2009 August 31

Valid until 2014 August 31

For joint research activities between MANA and University
of Heidelberg, including research collaborations, exchange
of personnel and organizing workshops.

18.

Counterpart of an Agreement:

Name of an Agreement:

Dates of an Agreement:

Summary of an Agreement:

Department of Chemistry, Loughborough University, UK
Memorandum of Understanding (MOU) for collaboration on
“Structures of Stable Aza-substituted Organic
Semiconductors”

Signed on 2009 October 28

Valid until 2014 October 28

For joint research activities between MANA and
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Loughborough University, including research
collaborations, exchange of personnel and organizing
workshops.

19.

Counterpart of an Agreement:

Name of an Agreement:

Dates of an Agreement:

Summary of an Agreement:

Lawrence Berkeley National Laboratory (LBNL), University
of California, USA

Memorandum of Understanding (MOU) for collaboration on
“Electronic Configuration Evolution in Micro-Solid Oxide
Fuel Cell (u-SOFC) Electrode and Electrolyte Materials in
operating Conditions: a Real-Time Dynamic Study in Soft
X-rays Spectroscopy”

Signed on 2010 February 9

Valid until 2015 February 9

For joint research activities between MANA and LBNL,
including research collaborations, exchange of personnel
and organizing workshops.

20.

Counterpart of an Agreement:

Name of an Agreement:

Dates of an Agreement:

Summary of an Agreement:

Institute of Electronic Microelectronic and Nanotechnology
(IEMN), University of Valenciennes — Hainaut Cambrésis,
France

Memorandum of Understanding (MOU) for collaboration on
“Interconnects and Nanocontacts for Nanorod- and
Nanowire-based Electronic Devices Applications”

Signed on 2010 May 20

Valid until 2015 May 20

For joint research activities between MANA and IEMN,
including research collaborations, exchange of personnel
and organizing workshops.

21.

Counterpart of an Agreement:

Name of an Agreement:
Dates of an Agreement:

Summary of an Agreement:

Erlangen Catalysis Resource Center, Friedrich-Alexander-
Universitat Erlangen-Nurnberg, Germany

Memorandum of Understanding (MOU) for collaboration on
“Design of novel nanoporous materials”

Signed on 2010 June 21

Valid until 2015 June 21

For joint research activities between MANA and University
Erlangen-Nurnberg, including research collaborations,
exchange of personnel and organizing workshops.

22.

Counterpart of an Agreement:

Name of an Agreement:

Dates of an Agreement:

Summary of an Agreement:

Department of Materials Science, Fudan University, China
Memorandum of Understanding (MOU) for collaboration on
“Organic-Inorganic Nano Hybrid Materials for
Optoelectronic Applications”

Signed on 2010 July 23

Valid until 2015 July 23

For joint research activities between MANA and Fudan
University, including research collaborations, exchange of
personnel and organizing workshops.

23.

Counterpart of an Agreement:

Name of an Agreement:

Dates of an Agreement:

Summary of an Agreement:

Center for Intelligent Nano Bio Materials (CINBM),
Department of Chemistry and Nanoscience (Brain Korea
21), Ewha Womans Univeristy, Korea

Memorandum of Understanding (MOU) for collaboration on
“Design of novel nanoparticles, nanoporous materials and
nanohybrids”

Signed on 2010 August 27

Valid until 2015 August 27

For joint research activities between MANA and CINBM,
including research collaborations, exchange of personnel
and organizing workshops.
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24,

Counterpart of an Agreement:

Name of an Agreement:
Dates of an Agreement:

Summary of an Agreement:

Karlsruhe Institute of Technology (KIT), Germany
Memorandum of Understanding (MOU) for collaboration on
“Metal Oxide Aqueous Interfacial Chemistry”

Signed on 2010 September 16

Valid until 2015 September 16

For joint research activities between MANA and KIT,
including research collaborations, exchange of personnel
and organizing workshops.

25.

Counterpart of an Agreement:

Name of an Agreement:

Dates of an Agreement:

Summary of an Agreement:

CNRS, Regional Delegation Provence et Corse, and
Université de la Méditerrannée, France

Memorandum of Understanding (MOU) for collaboration on
“Transient chemistry of metal ions for low temperature
ultrafast laser-assisted growth of hetero-nanostructures in
aqueous solutions”

Signed on 2010 September 20

Valid until 2015 September 20

For joint research activities between MANA and CNRS and
Université de la Méditerrannée, including research
collaborations, exchange of personnel and organizing
workshops.

26.

Counterpart of an Agreement:

Name of an Agreement:
Dates of an Agreement:

Summary of an Agreement:

Anhui Key Laboratory of Nanomaterials and Nanostructres,
Institute of Solid State Physics, Chinese Academy of
Sciences, China

Memorandum of Understanding (MOU) for collaboration on
“Low dimensional Nanostructures”

Signed on 2010 October 6

Valid until 2015 October 6

For joint research activities between MANA and Anhui Key
Laboratory, including research collaborations, exchange of
personnel and organizing workshops.

27.

Counterpart of an Agreement:

Name of an Agreement:

Dates of an Agreement:

Summary of an Agreement:

Multidisciplinary Center for Development of Ceramic
Materials (MCDCM), Brazil

Memorandum of Understanding (MOU) for collaboration on
“Research and development of nanostructured materials
for alternative energy and sensor devices”

Signed on 2010 October 26

Valid until 2015 October 26

For joint research activities between MANA and MCDCM,
including research collaborations, exchange of personnel
and organizing workshops.

28.

Counterpart of an Agreement:

Name of an Agreement:
Dates of an Agreement:

Summary of an Agreement:

Laboratory for Nanotechnology (LNT), Vietham National
University Ho Chi Minh City (VNU-HCM), Vietnam
Memorandum of Understanding (MOU) for collaboration on
“Optoelectronic and bioelectronics nanodevices”

Signed on 2011 January 24

Valid until 2016 January 24

For joint research activities between MANA and LNT,
including research collaborations, exchange of personnel
and organizing workshops.

29.

Counterpart of an Agreement:

Name of an Agreement:

Dates of an Agreement:

Petrochemical Research Chair, King Saud University,
Kingdom of Saudi Arabia

Memorandum of Understanding (MOU) for collaboration on
“Design of novel nanoporous materials and Catalysis”
Signed on 2011 January 25

Valid until 2016 January 25

NIMS - 8
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Summary of an Agreement:

For joint research activities between MANA and King Saud
University, including research collaborations, exchange of
personnel and organizing workshops.

30. | Counterpart of an Agreement: CNRS, Regional Delegate for Alpes and Institut
Polytechnique de Grenoble (IPG), France
Name of an Agreement: Memorandum of Understanding (MOU) for collaboration on
“Biomaterials, ferrelectric materials and photonic crystals”
Dates of an Agreement: Signed on 2011 February 1
Valid until 2016 February 1
Summary of an Agreement: For joint research activities between MANA and IPG,
including research collaborations, exchange of personnel
and organizing workshops.
31. | Counterpart of an Agreement: Université de Montreal (UdeM), Canada
Name of an Agreement: Memorandum of Understanding (MOU) for collaboration on
“Functional nanoparticles and interfaces for
radiation-sensitive spatio-temporal therapeutic and
imaging applications”
Dates of an Agreement: Signed on 2011 July 4
Valid until 2016 July 4
Summary of an Agreement: For scientific and technical cooperation between MANA and
the MANA Satellite at UdeM (PI Prof. Francoise M. Winnik).
32. | Counterpart of an Agreement: Flinders University of South Australia, Australia
Name of an Agreement: Memorandum of Understanding (MOU) for collaboration on
“Research in Nanotechnology”
Dates of an Agreement: Signed on 2011 July 19
Valid until 2016 July 19
Summary of an Agreement: For joint research activities between MANA and Flinders
University, including research collaborations, exchange of
personnel and organizing workshops.
33. | Counterpart of an Agreement: University of Melbourne, Australia
Name of an Agreement: Memorandum of Understanding (MOU) for collaboration on
“Innovative nanomaterials which improve quality of life
whilst being safe for communities and the environment”
Dates of an Agreement: Signed on 2011 September 21
Valid until 2016 September 21
Summary of an Agreement: For joint research activities between MANA and University
of Melbourne, including research collaborations, exchange
of personnel and organizing workshops.
34. | Counterpart of an Agreement: Biomaterials and Tissue Engineering Research Center,
Shanghai Institute of Ceramics (SIC), Chinese Academy of
Science, China
Name of an Agreement: Memorandum of Understanding (MOU) for collaboration on
“Development of Three-Dimensional Porous Scaffolds for
Tissue Engineering”
Dates of an Agreement: Signed on 2011 December 1
Valid until 2016 December 1
Summary of an Agreement: For joint research activities between MANA and SIC,
including research collaborations, exchange of personnel
and organizing workshops.
35. | Counterpart of an Agreement: Department of Materials Science & Engineering, Tsinghua

Name of an Agreement:

Dates of an Agreement:

University, China

Memorandum of Understanding (MOU) for collaboration on
“New Functional Nanomaterials for Energy and
Environment Applications”

Signed on 2012 January 28
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Summary of an Agreement:

Valid until 2017 January 28

For joint research activities between MANA and Tsinghua
University, including research collaborations, exchange of
personnel and organizing workshops.

36.

Counterpart of an Agreement:

Name of an Agreement:

Dates of an Agreement:

Summary of an Agreement:

International Training Institute for Materials Science
(ITIMS), Hanoi University of Science and Technology
(HUST), Vietnam

Memorandum of Understanding (MOU) for collaboration on
“Application of plasmonic materials for sensors and energy
conversion devices”

Signed on 2012 February 7

Valid until 2017 February 7

For joint research activities between MANA and ITIMS,
including research collaborations, exchange of personnel
and organizing workshops.

37.

Counterpart of an Agreement:

Name of an Agreement:
Dates of an Agreement:

Summary of an Agreement:

Instituto de Fisica de Sdo Carlos, University of Sao Paolo,

Brazil

Memorandum of Understanding (MOU) for collaboration on
“Nanotechnology for Organized Materials”

Signed on 2012 April 25

Valid until 2017 April 25

For joint research activities between MANA and University
of Sao Paolo, including research collaborations, exchange

of personnel and organizing workshops.

38.

Counterpart of an Agreement:

Name of an Agreement:
Dates of an Agreement:

Summary of an Agreement:

London Centre for Nanotechnology (LCN), University
College London (UCL), UK

Memorandum of Understanding (MOU) for collaboration
on “Electronic Structure Calculations of Nanowires”
Signed on 2012 October 8

Valid until 2017 October 8

For scientific and technical cooperation between MANA and
the MANA Satellite at UCL (API Dr. David Bowler).

39.

Counterpart of an Agreement:

Name of an Agreement:

Dates of an Agreement:

Summary of an Agreement:

Department of Polymer Science and Engineering,
Kyungpook National University, Korea

Memorandum of Understanding (MOU) for collaboration on
“Development of advanced functional biomaterials with
controllable compositions and nano/microscopic structures
for stem cell differentiation and tissue regeneration”
Signed on 2013 January 18

Valid until 2018 January 18

For joint research activities between MANA and Kyungpook
National University, including research collaborations,
exchange of personnel and organizing workshops.

40.

Counterpart of an Agreement:

Name of an Agreement:
Dates of an Agreement:

Summary of an Agreement:

Centre Interdisciplinaire de Nanoscience de Marseille
(CINaM-CNRS) and Physigue des Interactions loniques et
Moléculaires (PIIM-CNRS), France

Memorandum of Understanding (MOU) for collaboration on
“Low-dimensional nanomaterial architectonics”

Signed on 2013 May 2

Valid until 2018 May 2

For joint research activities between MANA and CINaM-
CNRS and PIIM-CNRS, including research collaborations,
exchange of personnel and organizing workshops.

41.

Counterpart of an Agreement:

National Center for Nanoscience and Technology (NCNST),
China
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Name of an Agreement:
Dates of an Agreement:

Summary of an Agreement:

Memorandum of Understanding (MOU) for collaboration on
“Quest for neuromorphic behavior of materials”

Signed on 2013 June 24

Valid until 2018 June 24

For joint research activities between MANA and NCNST,
including research collaborations, exchange of personnel
and organizing workshops.

42. | Counterpart of an Agreement: School of Materials Science and Engineering, Huazhong
University of Science and Technology (HUST), China
Name of an Agreement: Memorandum of Understanding (MOU) for collaboration on
“Advanced Functional Materials for Energy and
Environment Applications”
Dates of an Agreement: Signed on 2013 July 29
Valid until 2018 July 29
Summary of an Agreement: For joint research activities between MANA and HUST,
including research collaborations, exchange of personnel
and organizing workshops.
43. | Counterpart of an Agreement: Center for Nanostructure Characterization (CNC), Georgia
Institute of Technology (GIT), USA
Name of an Agreement: Memorandum of Understanding (MOU) for collaboration on
“Inorganic Nanomaterials for Energy-Related Applications”
Dates of an Agreement: Signed on 2013 November 25
Valid until 2018 November 25
Summary of an Agreement: For scientific and technical cooperation between MANA and
the MANA Satellite at GIT (PI Prof. Zhong Lin Wang).
Renewal of expired MOU.
44. | Counterpart of an Agreement: Centre National de la Recherche Scientifique (CNRS),
Regional Delegate of the Midi-Pyrénées Delegation, France
Name of an Agreement: Memorandum of Understanding (MOU) for collaboration on
“Molecular devices and related materials”
Dates of an Agreement: Signed on 2013 December 10
Valid until 2018 December 10
Summary of an Agreement: For scientific and technical cooperation between MANA and
the MANA Satellite at CNRS (PI Dr. Christian Joachim).
Renewal of expired MOU.
45. | Counterpart of an Agreement: St. Petersburg State Electrotechnical University (LETI),
Russia
Name of an Agreement: Memorandum of Understanding (MOU) for collaboration on
“Nanoarchitectonics on Future Electric Devices”
Dates of an Agreement: Signed on 2014 February 28
Valid until 2019 February 28
Summary of an Agreement: For joint research activities between MANA and LETI,
including research collaborations, exchange of personnel
and organizing workshops.
46. | Counterpart of an Agreement: Bristol Centre for Nanoscience and Quantum Information

Name of an Agreement:
Dates of an Agreement:

Summary of an Agreement:

(NSQI), University of Bristol, UK

Memorandum of Understanding (MOU) for collaboration on
“Nanomaterials and Nanodevices”

Signed on 2014 March 7

Valid until 2019 March 7

For joint research activities between MANA and NSQI
including research collaborations, exchange of personnel
and organizing workshops.
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G B BF REAT - FEM SmA
March 10th - 13th, 1st MANA International Symposium 262
2008 Tsukuba, JAPAN
February 25th - 2nd MANA International Symposium 310
27th,2009 Tsukuba, JAPAN
Symposium on Frontier in Nanotechnology and
October 23th, 2009 Materials, 2009 146
Tsukuba, JAPAN
March 3rd - 5th, 3rd MANA International Symposium 326
2010 Tsukuba, JAPAN
March 23th — 24th, Materials Nanoarchitectonics for Sustainable
Development 37
2010
Hakone, Japan
Workshop on Dirac Electron Systems 2011
January 19th, 2011 Tsukuba, JAPAN 105
March 3rd - 5th, 4th MANA International Symposium 406
2011 Tsukuba, JAPAN
March 2rd — 4th, 5th MANA International Symposium 396
2012 Tsukuba, JAPAN
May 10th — 11th, Australia/MANA Wgrkshop qn Nanoarchitectonics for
2012 Innovative Materials & Systems 98
Tsukuba, JAPAN
PCCP-MANA symposium On Nontechnology, Materials
October 1st, 2012 and Physical Chemistry 106
Tsukuba, JAPAN
MANA 5th Anniversary Memorial Symposium
October 3rd, 2012 Tsukuba, JAPAN 257
The summer school on ferroelectricity 2012
October 7th, 2012 Tsukuba, JAPAN 49
November 6th - 7th, NSQI-MANA joint symposium 50
2012 Tsukuba, JAPAN
1st Workshop on Nano-Life
December 1st, 2012 Montreal, CANADA 100
February 29th - 6th MANA International Symposium 414
March 2nd, 2013 Tsukuba, JAPAN
Material Architectonics for Sustainable Action (MASA
March 19th, 2013 2013) 60
Tsukuba, JAPAN
International Workshop on
June 28th — 29th, Thermoelectric Research & Thermal Management 87

2013

Technology
Tsukuba, JAPAN
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October 9th — 11th,

Swiss-Japanese Nanoscience Workshop: Materials
Phenomena at Small Scale (Joint)

197

2013 Tsukuba, JAPAN

January 29th — Trends in Nanotechnology Japan 2014 (Joint) 305
31th, 2014 Tokyo, JAPAN

March 3ed — 4th, MANA/ICYS Reunion Workshop 2014 107
2014 Tsukuba, JAPAN

March 5th — 7th, 7th MANA International Symposium 495
2014 Tsukuba, JAPAN

March 11th — 12th. Japan-Taiwan Joint Workshop on Nanospace Materials

2014 March 11-12, 2014 102
Fukuoka, JAPAN

March 24th — 25th, International Symposium on Smart Biomaterials 118

2014

Tsukuba, JAPAN
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