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Since the most common cause and 25% of bedridden is cerebrovascular disorders such as
ischemic stroke, one of the most important healthcare concerns is developing the methods to
cure chronic cerebral infarction. For the past 10 years, We have demonstrated the regeneration
of the injured brain using a sponge-shaped artificial scaffold. However, there are the problems
of safety and high invasiveness transplantation. In this study, we developed a self-assembled
peptide adapted for injection into the brain, and succeeded in developing a binding and
sustained release of growth factors. By combining these technologies, a mouse model of ischemic
stroke improved motor function by a single injection into the brain of self-assembled peptides
releasing vascular endothelial cell growth factor (VEGF) at 7 days after ischemic stroke. This is
a breakthrough achievement that promotes functional recovery by a single injection of self-
assembled peptide at 7 days after ischemic stroke and expected to be applied to regenerative

medicine.
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# 22 7= Stranski-Krastanov (SK) £— F& R L7z @B ERMTIC L BB SE, T3
A ZDFEREEICRKER, @il - REMT XL b OFERBEZELT. ZORE, ZION/ZnO
FEFHFERAN XL R P T U PRZICBNT, = FDONREIC LD A v F o 71Tk
L. EblT, FHERI - THH =X MU OBRICELDMEA =X AIIONT, T3 A
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ELT-.

Excitons are electrically neutral quasiparticles and bound states of electron-hole pairs
attracted by the electrostatic Coulomb force. Their future that they can be generated by and
converted back into photons within a short time enables high speed electrical-to-optical (E-O)
converters with ultra-small dimensions. In this study, we have fabricated exciton transistors
with a new semiconducting material, (ZnO)x(InN)1x (hereinafter referred to as “ZION”), taking
the advantages such as the large exciton binding energy and the large piezoelectric constant.
We have succeeded in fabrication of single crystalline ZION films on 18%-lattice-mismatched
sapphire substrate, in which the films grew in a new mode of heteroepitaxy, “inverse
Stranski-Krastanov mode”. Furthermore, we observed optical switching of exciton transistors
with ZION/ZnO QWs. The results of device simulation indicate that translational motion of

electric dipoles in non-uniform electric fields is the key of exciton transport in the transistors.
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In 2017, we succeeded in producing powdered hydrogen boride (borophan) sheets, a new
two-dimensional material composed of boron and hydrogen in a 1:1 composition, from a
magnesium diboride. Since this material is composed of negatively charged boron and
positively charged hydrogen, it has different properties from existing boron hydride molecules,
and 1is expected to be applied to electronic devices and batteries. However, evaluation for such
electronic devices has not yet been done. In this study, thin films of hydrogen boride sheets
were first prepared and evaluated with an atomic force microscope. The sheets were then
revealed to be composed of several atomic layers thick. Next, the electrical properties and
atomic structure were evaluated. The material dominantly consists of a corrugated B network
decorated with three-center, two-electron B-H-B bridging bonds as well as ordinary two-center,
two-electron B-H terminal bonds. This material is electrically conductive (0.13 S cm~! below
10°C) rather than ion conductive, and its B-H-B bonds are cleaved by the adsorption of
molecules, changing the conductivity dramatically, which indicates suitability for the

application such as sensors.
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Nanosized precious metal compounds such as precious metal nanoparticles are known to
show a variety of catalytic performance due to their size effects. It is well-known that these
catalytic performances are highly dependent on the functions of the precious metal atoms
located on the surface of the metal nanoparticles. In this research, we have planned to
construct the metal nanosheet molecules based on the template synthesis method in which
organosilicon compounds are used as the template to arrange the multiple metal atoms.
Especially, we mainly focused on the use of palladium precursor, PA(CNtBu)s, to synthesize the
palladium nanosheet molecules, and catalytic performance of the obtained molecules have also
been examined. In addition, reaction of PA(CNtBu)2 with other organosilicon molecules were

performed to construct a series of palladium compounds having unique architectures.
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Scheme 1. Synthesis of Pdi1 nanosheet molecule 2.
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Scheme 2. Synthesis of Pd4 nanosheet molecule 4.
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Figure 1. Molecular structure of 2. The thermal ellipsoids for the Pd, Si, and C atoms of the
ipso-coordinated phenyl groups are shown at 50% probability, while the other non-hydrogen

atoms are shown in wireframe style. All hydrogen atoms are omitted for clarity.
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Scheme 3. Synthesis of Pds edge-sharing tetrahedra 6.
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Figure 2. Molecular structure of 5. The thermal ellipsoids of the Pd, Si, and Cl atoms are shown
at 50% probability, while the other non-hydrogen atoms are shown in wireframe style. All

hydrogen atoms are omitted for clarity.
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Scheme 4. Synthesis of mononuclear palladium complex 8.
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Scheme 5. Synthesis of Pd4 nanosheet molecule 10.
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- HFZEAHEEE  (Abstract)

AT Y =7 T TN T LR TNT N 2RO 7 V7 T — Al /e (LED <
L—W) LEmBRRGEMEBI M@ ZERHIFE LT, AT EZBMLIEY A FEy v 7REEK
T U A Y ORERREBEM 2T D & & bIT, TONFRE - SREMRIT 21T 5 2 L2 X VIR
HOMIEA N = AL RRTHLZANET D, AREL TWDH U A Ry v 78R R &
LT ZnO KU GaN ThH D, TNENDOMELRIZOW T LM ZERR &2 @K T 5 L TOEFEK
Mramad 2720, DFE - | —UA FXx v THERT ) U A Y Offi bR B O ik &
U - MEERIEE OBR, T A ¥y v 78RS ) U A ¥ ~OFf 8 (Bu X Tm,Yb) O
N, KOG A LENRIMENTZT A R¥ v v 7HERT 7 T A ¥ ORFHEE K OREEHEE O
PRIE, O 3 RICE LHFEEMT - CE o ARESERENETE (Metalorganic Vapor Phase Epitaxy:
MOVPE) I X B #EaapE I 2 el T L7z, ZnO ([Z2WW i, Frae WM BICERE LIz ANy #
#EH MOVPE &2 HWCTH 7 7 A4 TR EIZ ZIn0O F/ VA Y ERET 2 H M35, £7-.

Zn0O +/ U A ¥ E|ZTm,

Yb HIRINZn0 a7 v = WG T ) U A Y 2B 2B 2 ML 95 &

BT A THER S E DO 2 T o7, T~ A 70T 4 AT LA LEDORM A~ — FTF AL RE
BUZET GaN T/ U A ¥ OfEf R E BN OMer % X - 7=, BRI OMNT 24T 2 BT, Fid7e
T U A YIRS OER O AT o7, £o. 1T o TG G 2 ST FEE GaN R
JIA X OfEGREEZITO L L biT, FHHEITHETH D Eu ORIMEiAITZ,

The objective of this research is to establish the growth technology to form rare-earth-doped

compound semiconductor nanowires by metalorganic vapor phase epitaxy (MOVPE) towards

application in novel, multi-functional photonic devices. We focus on the widegap compound

semiconductors including ZnO and GaN as a host material and utilize Tm/Yb and Eu as

rare-earth elements. As a part of these researches, we demonstrate the formation and the

optical properties of Tm,Yb-codoped ZnO nanowires (NWs) grown by sputtering-assisted

metalorganic chemical vapor deposition. The growth conditions of the ZnO core NWs are

optimized by changing the growth temperature and the VI/II ratio. The optimal conditions are



elucidated via structural analysis by scanning electron microscopy, X-ray diffractometry, and
optical characterization. The ZnO:Tm,Yb/ZnO core-shell NWs are formed by growing
ZnO:Tm,YDb shells on optimized ZnO core NWs. Light emission originating from the highest
1G4-3Hs transitions from Tm3+ ions is observed around 490 nm in ZnO:Tm,Yb/ZnO NWs due to
the improved crystal quality of the ZnO host by utilizing the NW configuration. To the best of
our knowledge, this is the first demonstration of Tm luminescence from ZnO nanowire
structures. We also establish the growth technique to form GaN nanowires by selective
MOVPE for the formation of GaN:Eu/GaN core/shell nanowire structures. Moderately high
growth temperature and low V/III ratio are required to form highly uniform nanowires with

high aspect ratio.

RS ANY)

ARWFFETIIRHNC T =T T TN« T LR TNT AL 2O T VA T — Al s e (LED -
L—) XmzhR ARG E, FII IR EREE RO FIREBRIC T BRI LT At
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KOS « fEEREE OBR, QU A R¥x o 78R ) U A v ~Of 15 (EuX° Tm,Yb) @
W, RO HERIINENT=T A ¥ v v 7GRS ) U A ¥ ONFHIVEE K ORISR E O
BIE, O3 RICEHLHFEEMTI> TELARESRRE Y4 % v v /LiE (Metalorganic Vapor
Phase Epitaxy: MOVPE) (2 X A5 EH &2 el (79 %, ZnO I HOWTiE, Frex 23 E (2B
W LT ARy 28 H MOVPE 2E 2 H W CTH 7 7 A 7 HAMR B2 Zn0 T/ VA Y ERET 28 x
WL d 2%, £72. ZnO F/ U A ¥ LI Tm,Yb L3N ZnO =27 v = Wi/ U A Y 2 TBRT 28
izt 3 2 & & bICH HEIOREDRM 21T 5, o~ A 27 uT 4 AT LA FEORMNRA~—
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(2. IR T U A Y REEE O ER EOREC AT 9, Eilo, 1T o TR & BT ERR
GaN R7T/ VA YOREAEEZIT ) & & b2, HEHILETH D EBu ORMERAAT,

- PFENE - R

BIE BRI DB = 1 7 PR IRICEIRT 5= a7 310 2 & L CEW 8RO Ll st
Bt W2 T A RE v v 7RERAREEOET S 2 (& LT, BHH A 4 — R(Light Emitting
Diode: LED)) MY ZWN TS, FTH, A LFHERIEEARZ vz LED AR 28D TWn
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- BFFEMEE  (Abstract)

MHREMWREBTHLT VYA~ (AD) BIEOQHRKFRZ L RXITED 1 DThbHT7InA KB
2RI E (AB) X, e & HITHEEE(LEEZ LTEEOESE (5 I~—1 L < ITHRHE)
AL, RMIEEGEEZ5IZE I, L L ABFEEESHLT LLRIET Db T, BIE
HAE DR, S HIZTRIER K OWRIEDOMNL N EENTWD, AR TIIINE THIL L TE
NAFF ) EEAERBAR 290k L. MNBREE S 2 Bl L T AB 83 L OERN D 5 FIER
HMEINCE D fHA TS, AD BEZIBE LTLSRA 4 R E2 B 0MNERE T, BHH & ik LT
Bk &R AB BB IRDHENEZR D Z LRI LN o Tc, ZOREIT LD | AB ES IR
W2 ES LITEAKRE 7 VT 7 0 AT 5EANOBA S F 2 RGH T 2EMHAZLTDH I LN TE
7

Amyloid B protein (AB), one of the key proteins responsible for the onset of Alzheimer's disease
(AD), undergoes a structural change with aging to form toxic aggregates such as oligomers or
fibrils that causes damage to neurons in the brain. However, A3-accumulated person does not
always develop AD, so elucidation of the mechanism of onset and establishment of preventive
and therapeutic methods are required. In this study, we developed the technology for fabricating
bio-nano thin membrane to reproduce the environmental conditions in the brain. By using this
membrane, we found that the ratio of spherical and fibrous A aggregates was different from
that of healthy persons under the conditions including metal ions for AD patients. These results
are helpful to design drug candidates that inhibit the A} assembly formation or improve the

clearance the assembly from the brain.
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St CHETT 9 DR MEIR I I T LY g ~—05 (AD) | /S—F 0V Ui 72 E L S FET DA,
AD T o EbEENEL . S b DERHEEIC E > TR O ALTREERTH D, AD
FIEDRRZ X IED 1 D THHT7 I, KB 2378 (AB) 13 & & blo#E2 bz



L THERMEDEAE (B F~—5 LIE#HME) 2B L., shidiafGa2ol S 23, Lol AB
EERDOERD TH 5B ANRITRIEL IR ONDIWHEERRMAD 1 > TH 503, A FHA DL
FTLOHRIET D20 TR BIEBEOMEY], S HIZTHER LOERIEOHELNEEN TV D,

AR ERICBTL@BA AT 7 ) Ay FiR EOBGITHLV RSN TVWL DD, Zhb
DORFZHE SELMAITROENTEY | EIACIERIEDREIZE TH o> TRV, AHFFE TR
T ETIEBNCHE S TE BB OR T PFET DIMNBRTIS T2 a L. AB ES - EHOM
W TE 2 ATV SEIERAE AR ICHR O T, O Z RIS E D 0ITIE, MHEREERZNET
WESL L CETNA AT ) 2 E RN 2R L, @BEEOT 7V A Fegiei~A 7 n N2
A DOBEGERATHLERD L, ARETIE, MANOEHRZFL LTI 7 Ay FELUER
A A DRI PFAET DB S L, i1 MBS & 0o Bl 2 Bk L T AB %/\{ZIW)J?/
IR ZATV, S BICERE NN 2 HE S L ITESKRE 2 VT T 0 29 2 EHR OG5+
REtT DA TCHZ L& L (K1),
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(a) WEALFHC TR S To A A 7 I (TRE 0 1715) & AB S f#sT
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