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Development of Fluorescence OFF/ON type Nanoprobe Composed of Mie Resonant Silicon Nanosphere Core
#RABET', C(M2) B |A', BE R, BKH B’
Kobe Univ ! ,°Masato Adachi', Hiroshi Sugimoto' , Minoru Fujii’

E-mail: sugimoto@eedept.kobe-u.ac.jp

BUEL e, HBGHR L CoREE R T/ KR EGERNE - BRSSO SHAHIRE I N T B Y
IN—T7 TR, HBESD L, MOERR(~D) %222 ) 3 v (S)F 7R+ O Mie KIGIC X 2 @
LI E B L], BRIR Sio /7 ki (EEE 100-300 nm) RE ICH R 2 E/MiT 3 2 & C, BHHEPE
FLeHAREH VT 2TV FA A=Y v 7% FEGEL (X 1(b),(c) [2]. AMEHIREHEFEIE (H 0
BT CHELZ R L, HESEHE cHt 2R3, RifFE i, ZEBdMcICH RS T e —T~¢&
B3 5. 7254 v (GSH) IE 23 AMIBENIC SR E CHAE T 2 B LE TH b, A DZW & IRE
I T TR B AT 2SR A ICHFFE S T B [3]. ARBFSEIX, GSH I X W #¥E% A A v F v 7'+ 352 & T,
HAE NGRS Cc2WitdRE 2 Fi B, BRELIC X (@)
DA RX—=T v 7alResF /7 Rt OB ,

RITC Silica shell
HIE T 5. v . .

SiF 7 R+ (E£ 100-300 nm) O FKH @ g 0" '
CHREED RITC ML, 6 nm i e R e
D MnO, v = V3B L7ZaT v x SI@RITC-SIO,

NF R FRERLL 72 (K 2, [ 3(a)).

SN . —  Figure. 1 (a) Schematic of fluorophore-decorated Si nanospheres.
X e b A \
MnO, (2 AT 770 — F 7 U 2R (b) Dark-field Scattering and (c) photoluminescence images of Si
720, HHEFES D MnOz &~ = b~ nanospheres.

DIFES = A4V F — BB A4 T, HO
X T B (X 2 £). #RhICHL,
GSH f7#7E F TiZ MnO; ¥ = )V 23 iEfE
L, geARlET 2L HICSiaToD
Mie FLIEC X 2 BEBRHE AR I L2 Si@RITC-MnO, Si@RITC
(E2%4). 3(b)icfFR L 7 Si@RITC- Figure. 2 Schematic of the fluorescent activation mechanism of the
MnO; F /7 RLA- Sr BB D FEHA ~ 7 Si@RITC-MnO; Nanoprobe for GSH detection.
FA%Rd. GSH %z % A (REHR) ~ MnO,shell )
LIEEL TNz 2 GEEBY TIREE |
23 8 5 < 72 v, HOED OFF/ON %
REDFEBIVR I Nz, G TIE, H—
Bt LTt OFF/ON ol
EAER EBWIHSF ) Tu -7 LTo 0 .

500 600 700 800

FHMEICOW &S 5. Wavelength (nm)
Figure. 3 (a) TEM image of Si@RITC-MnO..
(b) Photoluminescence spectra of Si@RITC-MnO; solution before
(black curve) and after adding GSH (blue curve).

(b) DF scattering
under white light

(c) PL

Aex: 560 NM

MnO, RITC

X
OFF \‘ - ON
: _ Glutathione . ?‘:

©sH)

SI@RITC-MnO, + GSH
Si@RITC-MnO, ]

[1] H. Sugimoto, T. Okazaki, and M. Fujii, Adv. Opt. Mater, 8, 2000033, (2020).
[2] M. Adachi, H. Sugimoto, Y. Nishimura, K. Morita, C. Ogino, M. Fujii, Small, 2207318, (2023).
[3] N. Sohal, B. Maity, N. Shetti, P. Basu, ACS. Appl. Nano Mater, 4, 3, 2285— 2302, (2021).
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Ultrahigh Porosity Photoluminescent Mesoporous Silicon with Greater than 50%
Quantum Yields
°Bernard Gelloz', Leigh Canham?, Koji Asaka®, Yuto Nakamura!, Hideo Kishida' and Lianhua Jin*
Nagoya Univ.!, Birmingham Univ.2, Fukui Univ. Tech.’, Yamanashi Univ.*

E-mail: bernard.gelloz@nagoya-u.jp

Mesoporous silicon flakes were fabricated by anodization from heavily doped p-type substrates. Even
though the anodization current density, rinsing, drying method and storage condition were the same for all
wafers, the resulting porous silicon (PSi) structures had very different properties. For some of them, very
high luminescence quantum yields (QYSs), over 50%, confirmed by very long luminescence lifetimes, were
obtained. The figure shows the PL and pictures of two bright samples. This result is significant for two
reasons: (i) to date, this QY is the highest obtained for PSi, and (ii) very importantly, it was obtained for
mesoporous silicon with large pores, which typically does not emit light very efficiently, as opposed to PSi
with small mesopores and microporous silicon (very small nanopores). Impregnation of various substances
into luminescent PSi, such as metals for plasmonics and drugs for theranostics, can be more easily achieved
with such large mesopores (>15nm diameter), opening the door toward various optically active devices.
The high QY was correlated to various factors including electrolyte temperature, drying process, and
storage condition. The growth of native oxide at the PSi surface participated to the achievement of high
QYs and their preservation for several years. Samples structures were also characterized by FTIR and

TEM.

Figure.

=N

L i S Up: pictures of two types of
Under UV illumination
50 LLERL LI B L B L L L L BLL L B BLL L B BLL L L BLL L B B L

| Excitation: 405 nm

mesoporous  silicon  flakes,

named A and B. Notice the

40 different colors of the two

samples (left side). They showed
30—: bright light emission in daylight
when illuminated with a UV
20': lamp (right side).

Down: PL of samples A and B

10 _
1 under excitation from a laser

PHOTOLUMINESCENCE (arb. unit)

diode at 405 nm.

500 550 600 650 700 750 800 850 900 950 1000
WAVELENGTH (nm)

© 2023%F [SRYEES 12-255 13.8



© 2023%F [SRYEES

23a-A305-3

REREBEEBML =RRBEPTOSLE S| OERMBERICELD
PNFAS-SIiBFRKY baos FOMENR

Multi-color luminescent Si quantum dot colloids formed by low-temperature

thermal cracking of porous Si in organic solvent with reaction accelerating solvent

ERAREL', WHERIK® CM)/hH ER', ©H ER". i R

Hosei Univ!, Tokyo Univ. of A&T? Tomoki Konishi!, Nobuyoshi Koshida'?, Toshihiro Nakamura'

E-mail: nakamura@hosei.ac.jp

1. IZU®IZ

WA, BIEEA A — FORENRE L BPOT
A AT VAR EZEL ANDLNTWD., R
AR AR — A DR A A A— RIZEBNT, Mg
B ChLPEEEF Ry b2 L L THVWE
27 Ry MEET A 4 — RORBEBED LT
50, CEERET Ry M@ Cd°Pb 72 8%
MR LR & LI B8RRI D23, Hifse s
Jo— 7 TIPS BB IAFIE LB ICHE LW S
BNy MCERL, MAOHEREET DL
B Si ORIRMBMEFEIZ X5 Si BT Ky o)
FHER T 0 ADBEELED TE 2. 40
BT Ry M A RN X 28kx e f et rmd
Si B+ Ry FOERELT D120, SUSMEERE 2
WIN U 72 AW I AP C O F 72 7 AR i 7 e
TAERETD.

2. EBRIGIE
MEFETHEEZ LI e—T Ry 7 AT ORE
U —BRE N T, BbpaEIc L VB L2 E
Si % HF /K¥EIR & A CH D 17 - DR
AW TERIRMBI 2TV, SiET Ry b &{E
WD, ZoLE, BRMEEEA~ ORI
%49 % NN-Dimethylacetamide (DMA) % i
{RAEFIE & U C HF ZKIRIKICHESI L 7=,

KRS P

Fig. 1 ICA Y 1 & A TIER U 7o AR N o
DI HFBHA, B)DFENART MBI, #
ARSI T TOENEFNDINOMEF %

AT KK Y B OB & & HICFRE R E
HTHROBLOEADO~ VT I T7—RNDHERT
T FEEE, BAEART PLZBWTL, BE—7
HE2 690nm 75 580nm £ TELLTNHZ &
Nond. TIUTINERERI O E & Bz, M
PESIEA~DVEMRME A 92 DMA (T & 0 #ERR MR
W& RO Si T Ny MY HF KR IZIRF L

Si Ky hoO=vF U IRMREL, A X\ L
2 EIGERLTWD EEZ LD, AHEHTIE
PERLL 72 Si &1 R R OFE 2R F8 R O RIS
71 7 —HIEEH OFER ATV, KV EEAR YA X
BAEA T =R OV T hiEmT 5 TETH 5.
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Fig. 2: PL spectra of Si quantum dot colloids for thermal
treatment with reaction accelerating solvent for 3.5 h and
5.5 h. Inset shows the pictures of Si dots dispersed
solutions under UV illumination.

ZE 3k

1) T. Meng et al., Nature Photon. 16, 297
(2022). 2) T. Nakamura et al., APL Mater. 8,
081105 (2020).

12-256

FEBAMICAYEFAUTEMARS BRTRE (2023 AR —ILIENIRE)

13.8



23a-A305-4

FEBAMICAYEFAUTEMARS BRTRE (2023 AR —ILIENIRE)

277 —RO—BREFEZANEIYaVF/ER304 FEED
FEREARY MLEHIE

Spectral control of silicon nanocrystal colloid luminescent thin film by Fabry-Pérot

resonators
ZEBAREL, RREBRIK? (M)HFAR BF ' HHEH B85 PH £F:
Hosei Univ. !, Tokyo Univ. of A&T. 2, °Takaji Nomoto?!, Nobuyoshi Koshida?, Toshihiro Nakamura!

E-mail: nakamura@hosei.ac.jp

1. 1ZC®HIZ

Si 1Tl TEREICEE 2B TH L, S1 &
nm A4 — & — D HHEELSi-nc)c T 5 &L B
A ZHRAZ LD AIHIE AR TT20 FRRA
BRBEHME OV E DL LTHLR TV D,
FRIZHFR P BOTREZR Si-nc =2 1 A RIZITAER
R 2 LW E R A T T2 AR R O
TRA A DVEDQBFENBIER TN 5D,
BT N—7"TlE, B OBEER T nt
2T XY Si-nc v A FOZYERAY R AR AL
L7292, LL, Si-ncix¥A XORE—M
CBEERBAIRE DT, AT MUREDA
WIS RER B ARV, 4R B
aEDE 4 HEE L Fabry-Pérot HldLRgs 3
EFAAB DT Si-nc v A R D DX
WA BVl 2 5P D
1. EBRGIE

ZHLUE Si WK & AR M A OfRIE
INEIRALER 2% Jii L | Si-nc 2o A R 21572,
Si-nc % A % ¥ 812 4y B L Poly Methyl
Methacrylate (PMMA) SiRG S, AB =
— MZ &Y Si-nc FNEEZTER LTz, S
H L 7= Fabry-Pérot B HRERF Si-nc M DAL
W% Fig. 1IOR$, RS I 7 —TH 5 Ag
J& DHERHIZ 1T A A AE L& AV,
2. FEBRRER LB

Fig. 2 |Z Si-nc F&LJEE/E 650 nm, 350 nm
& LTEHEEDN B DFENART bV 2T, &
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FRFEF & LT Si-nc =2 A REERED Dk
BtOFNAT brbbbdE T ry ML
Tz BT OMAKIIFEOT 2K THEET
b2, MEVIRRAEAT LI LT, WY
NOFETH IR R TOE LW IFEERE
DEIR, FEHA T N IVIE O KM 7 (K52 8
HIC&, E/o, FEOBRERIEC LVt
B — 7 R ORIE IR TE 72, AHEHET
VX, R O b IR O FER 2
FRMTRE R 72 E 2 MET H T ETH D,

Ag 40nm
Si-nc+PMMA 300-500nm
Ag 130nm

yyarozn

Fig. 1: Schematic illustration of Si-nc luminescent thin
film with Fabry—Pérot resonator.
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Fig. 2: Photoluminescence (PL) spectra of Si-nc
luminescent thin film with Fabry—Pérot resonators. Inset
shows the pictures of PL emissions.

3CHR:1) F. Maier-Flaig et al., Nano Lett. 13, 475
(2013): 2) T. Nakamura et al., APL Mater. 8,
081105 (2020): 3) Cheong et al., ACS Mater.
Interface 13, 7149 (2021).
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In.0s F/ faMm D ER & KA RIFE
Growth and optical evaluation of 1n203 nanocrystals
BRAXZXER EIFHF CM) XL #E R #-
Graduate School of Science and Technology, Gunma Univ. °Mikio Oyama, Shunji Ozaki
E-mail: t221d019@gunma-u.ac.jp
MEDLE &

SEHTEE N0 1E~2.9eV DR KX ¥ » T RV F — & FOM W EEIRTH 5, IOz 1IH Ak
YRR NT AL ADIGHTIRS BN TEY IOz &7/ A —F —F Tk 2 Z LIk
> TEERL, BRI TE 5, ABFSE TIE VLS(Vapor-Liquid-Solid) =t 2 FIH L= 4
ZHE KA RIEIZ K 2T Ink0s 7/ s DVER A2 7o, (R L 7230RN T, &Y S B
(SEM)BIZ2, X MRIEHFF(XRD)HIE, 7 4 /b2 % vt 2 ZAPL)HIE Z VTR L 7=,
ERGBERORER

In03 F/ FEfE OIERUZIZ, REBVEIR 2 V' — U BXWFEHEH L, Ar 2% U T HAL L7z A
A XA RIEIC TR S 72, 9, MAEESIFMNICE LIAE LI RWAREDONENC, Y —
A &IPS T fINA I 275 LIAB, RWAEENZ BZER 7 THE RPN Ar 2 —EiftE

(~50 sccm) ¥ L7z, Eifllz @i, Pz R[E LT2 o0y = 2150 | RELZHh
FI—EIRD, @IRMAITCERFA & 72 572 In E7213 Ing03 28 Ar H AN Jo TiEIFA, ARIRM O bk
ETHMERY | ZOBRMEERE LTHRET 2 LW I LA TH D, ¥V —RIFTHARIRD 1205 & C
ZME L, IR0 A ~ 30 A) A H 252855 L7z n AU Si(100) Bt A L 7=,

BERFNOEY M L2 ERORETIHRTALS 2> Tz, SEMIC L DB AT o TofE R, ik
REMIZLV~=A 7 0inbT ) A— R A AOWGERPEF DI, —EBIZIEY A Y RO
R LTz, 200 OFREN O #URE) 722 XRD HIERE R4 Fig. 1127”83, PDF 7 —# L DN
VERL U723 0BHINL 8 In03 T D Z L vy - 72, PL JIERER % Fig. 2 |29, E—27 73 1.95 eV
FHEICHER TS, B =7 OFBBEITIRED LRI > TIRA TP E SR> T T ENHERR TE T2,

Experiment —30K
—60K
— = —90 K
= 5 120K
=] ; 150 K
P J\JW 5 180 K
> PDF(#010736440) Z —240K
= S —270K
2 g —300 K
g _—
I |||4 | |‘. 1 .\|.|.. kel 1 ! T
20 40 60 80 15 2.0 2.5 3.0 3.5
26 (deg) Photon energy (eV)
Fig. 1 XRD trace for In,O3 nanocrystals Fig. 2 PL spectra measured at T= 30-300 K.

deposited on Si(100) substrate and PDF data.
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WEAR—IL I JLERL= Ag:ZnSnSes FERDER

Synthesis of Ag2ZnSnSes crystals using planetary ball mill
BEXEXFERE BEIPF, M) #F B BB #2°7
Graduate School of Science and Technology Gunma Univ., °Aoshi Unno, Shunji Ozaki
E-mail: T221D009@gunma-u.ac.jp

i

il

Cu2ZnSn(S, Se)s IZMRFE S D L-1I-IV-Vly
AL S SR, KRIGE A& LTt
FEMRE AT TS, Ll 1 RocH#
@ Cu % Ag TiE# L 7= Ag,ZnSnSes (AZTSe)
(DWW T O AEBIEIER (I 7e <. B
DT TV R WML 2V, i
3. ZILHETH D DX OfEdh LR O
EMFK & 7o TN D, AIFFETIIAR—L
IVEEER UL EFEEOGIC XD AZTSe #itidh
DVERZAT > 72D THET 5,

FBR

HE 99.999~99.9999% 7 Ag, Zn, Sn, Se %
E/NLAg:Zn:Sn:Se=2:1:1:4 L7253
L& L, BMELERABHIR—L &
Hizonva=78Ky MZAN, BZLE5 X
IFol-%. TAITUHATHRBIHT,
WRR =NV I VEEICE > b L, [AlEsHE
ERF AL 2 72D OB ARG - L,
B EATo T2, ERLLIZAREENT, #hhE
A— B L., BRERESFEZHNTT
Jb 3 RBHA A T 100°C ~ 600°C, 45 10 5
MOT7 =—LE24T-57=,

bR

[AI#3EE 800 rpm, 3 h THM L7-EH D
et X #REr (XRD) JIERE R % Fig.
IR T, FEHTRE /NS WA, I a
L—va v ofER (Fig 1(a) £ —ELTH
D AZTSe fffnBETE TV D Z &30
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5, [AIEREE 2 800 rpm Ti, 30 3Ll E
AT HZ & T AZTSe fEfANERITX 5
ZEWNbhotz, 800 rpm, 3 h TAM LT-
AEE 100~600°CTT =— L L7=fE R %
Fig. 1(c)~(h)IZR"T, 7 =—/LIRED EFIZ
PEWEIPT E— 7 BB R & < 22 0 | g
NS L Ro T LD B AZTSe O ffE
MEL o TNDZ ERbnb, LvL,
600°C  (Fig. 1(h)) TlX, AZTSe 7% ZnSe &
AgSnSex IZfiELTLE 9 Z EnbhoT,

l (h) 600°C
A 1 A A b A A

(g) 500°C
o,
l () 400°C
2 o -
S (6) 300°C
gl
S VY
> o
= (d) 200°C
S
£ A “
(©) 100°C
A -~
(b) ARkE %
A —

I I I
@¥Izb—var
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Fig. 1 X-ray diffraction patterns of AZTSe

samples before and after annealing.
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RATRDA FEBEOAFAHICAT-SRELT—FA MU —DOBH

Development of high-accuracy optical thermometry toward optical cooling of perovskite

semiconductors
FEKRHE!
OCMHAR H! (BAEK @' M2)hEFA MF !, LE F/B!
Chiba Univ.!

°Takeru Oki!, Kenya Suzuki!, Kazuki Ikenoya!, Yasuhiro Yamada'

E-mail: otakeru2719@gmail.com

AR, SEERIC X o CREBROIRE Z N 2 aHcB T a2 e ssED o h T2, &
A& T AAEH 258 PVE IR OBRIC 7 + 7 vIRINEES & T, it X b E+
X —=TORN (T vFA =27 ZFH) B Y 2T\, FABNFED 100% ISE T L S
OB TYEIIZANVNF—%RI 0mHEINE, TVvF A =27 ZAFNE2HA L 7z EE
JEEEN . SRR - ARENAHI O X 5 R FHI T N A AFFEICED 2R B B, K
HHNIBICHE T EZ P =7 L2 7 A CTEBEIN T W B 25, FER TR RN %
b b, BERIICA TR A 2RO ERBIAR I L Tw 5,

LT INFECITEBFEERE L BB FHAENZ b o w 7 v EdE~r 7 X
A4 FICEH LTI 2D T & 72[1-3], Hic, SR Mo diccae 72 A4 P EFF
v bR TN AT / i CsPbBrs/CsiPbBrs (BT F v /& M) 25 100%
EWFENHRZ2 S b PEAARH OB NEMIC R 2 2 L 2R L TE 2 [4],

— 7 AN D FEREIC I\ TR IETE 2 i B A 233 12 75 o T B, REAOLEmH D
MHIRET IR D TN T Wi | JEEECDIREHEE B METH 5, {ERDFETIIR O
—JIANF—DY 7 P OREHEZITo Tz [5] ¥ — 27 T A F— 13O H
IR FENRNHRDZAIC X 2307 & LN OER T H 2L 3 a[RetkEdr H 5, £ 2 TK
e Tld, AR P rOEZ AL F O F v ) T ORI CTREIND Z
ExRMMALT, XY IEMERREHETEZHLT 5 L2 HIWE L,

KWLl BRI TR X D E8L L 72 CsPbBrs/CssPbBrs# H\ 72, JilfE A~ 7 b
NHIE THHE A7 P AR REKFAES 2 v 2 L 2R L (K A v F —fpiftic
K27 vFA =27 2FNEBML 72, EHRFIXT 270 K 225 320 K £ THE 2 S L
ZHIE L C 2K BICFEH AR T P ADRIE % 1T o 72, i T ld CsPbBrs/CssPbBre D LM
PR ZMEL, ALY ALY —ORZYWZHERT 5, /-, BEEPICE W
CsPbBrs/CssPbBre T SIS L 72 BEDIREZALIC OV T hikam 3 2.

RIFFE L. DEMEEANF Y 7 v S X ORMFE (19K03683) OXIRIC X %,

[1] K. Kojima et al., APL Mater. 7, 071116 (2019). [2] Y. Yamada et al., Phys. Rev. Lett. 126, 237401
(2021). [3] Y. Yamada and Y. Kanemitsu, NPG Asia Mater. 14, 48 (2022). [4] Y. Kajino, et al., Phys.
Rev. Mater. 6, L043001 (2022). [5] J. Zhang, et al., Nature 493, 504 (2013).
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CulnSAZnS EF Fy FORAXEKERAEE~DIEH

Application of CulnS,/ZnS Quantum Dots to Luminescent Solar Concentrator

BXET OS#a% #h M b, B JE2

Keio Univ., °Yu Imakiire, Yoshiki Iso, Tetsuhiko Isobe

E-mail: iso@applc.keio.ac.jp, isobe@applc.keio.ac.jp

[BR] ARG EEE (LSC) & X, &7 Ky MOk
KIGHFHEBICHOOESDTH D, AL TIEa T /v = L
CulnSy(CIS)/ZnS &7 K~ F(QDs)& Htih%z —F L Vit b =
NVILEAREVABIIEFIZ B ESETH a2 Ry y MEAE
L, SHITHEEEY Y 3 (c-Si) KRB E & B & A ab
B2 LSC #MH L=, 7/ 2 KTy MED QDs 2N LSC
DIEEREIC G 2 D B A R L 7=,

[EBRHFIE] Ay AP r g VIETER LT CIS/ZnS
QDs Z i/ BE Tl L, BEZeiig CREAHE 21572, EVA
D RNV ERIZZO QDs S, vy —L ET 1 day
W S5 2 & T QDS@EVA A 137, /St % QDs D&
\Z& v, PO QDs BEEE A 0 wit%) 5 13.0 wt% £ Tk &4
Too V) —HH T AMDHIZ ¢-Si KEFEME Y = — /L Zf%E LT
SR D Z el Th D BELSNE Al 77— TEVD, S5
(IR 2 B IC 859D 2 & T LSC M L7z,

[R5 R L OV 22] Fig. 112 hL= 24y L 7= CIS/ZnS QDs
DG E & UV-vis WL A 7 h Lk O E(PL) ALY k
NVERT, HEN T TIIEREREATHY, 365 nm O UV
PR T I3 s e a2 r Lz, #9550 nm LR Ot A R L,
77> 573.1nm T/ u— R PL E— 7 @l Sz, bl
WG CIS a7IC LW E R TH D, Fig 2 IT/ERLIL 7=
MR DAL A 7R T, A FIZERW T 0 Wt D JEEl ek I it
BATHY, QDs /3T % LA L7z, 365 nm @D UV Mk
T TIX QDs O A MBIl S 7z, Fig. 3 IO PL A
N7 MVZERT, QDs IEEN 6.2 wt% D & & PLERE N R A &
720, 13.0Wt% TILDO TR T Lz, @i ClEERE O/
FLUEFE T QDs EHE L, IEEVHEDE S 2B 2 bild, Fig.
A4 (BRI & V= LSC DMIE DT & . QDs JEEE %)
T D HELEHSNFR(PCE) AT MV DAL ERT, EEE 0
Wi%7> 5 6.2 W%l 2N 5 &, IPCE Ak L7=, £ 550 nm
IFIZBIT DHRIZIE, QDs OEENaH53 5, LivL, £V
FEWEMAITIX QDs BN THIE L7aW o, @i L2 REIT
X oV, T ORI T, S THGEL L 72 ADE o — 53
SO KB EME Y 2 —VETEELEBLZLEZOND,
2% Y. £ 550 nm LLETO IPCE O KRITEEELDOFEE~D
FHAZRBT S, L0 EEED 13.0wt%ld 5 & IPCE IHMET
L7, QDs DEHEIC K 2 IETE TN % BEEEMARIC L > T LSC
WSO KD AN PR E Sz RS D,
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Fig. 1 (a) UV-vis absorption and (b)
PL spectra of QDs dispersion in
toluene with photographs under
(left) white light and (right) 365 nm
UV light.
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Fig. 2 Photographs of prepared
QDs@EVA films.
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Fig. 3 Change in PL spectrum of
QDs@EVA film with  QDs
concentration.
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Fig. 4 Change in IPCE spectrum of

the c¢-Si solar module in LSC

system with a photograph under

measurement.
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Fluorescence Solvatochromism of Narrow-Band Fluorescent Graphene Quantum Dots

and Their Application to Moisture Sensing
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(B8] EF 513, 7ra 2Ly ) —/L(PG)L NaPOs D 1,2-
NRUB D VRIR A ZERIRA T TMEAT 52 L1 kv,

PHIRH AR T /T 7 = BT Ry F(GQDs) & KEA K
T& 52 &ais L2[1], ABFETIZ, Z® GQDs Dat Y/
NN a I REORFEERA Kty v TR %
ZEERE L,

[#B2515] PG & NasPOs & 1,2-20 & o A — /W Ifig &S
. ZERIA LR ATV 2235 180 °C T 6 h INEA L 7214,

BT & BRI LV ML GQDs 2157, HL.GQDs & U h A4
NAThr7av NI 7 4—ICXVERL, n—&% U —xN
R —& — Tl L RS GQDs % 457-, k5%l GQDs % fifi »
DAL, K(7<pHLL3), B L OUK(PH 13)E N-AF ' n
U R DOREGTRIRIC S E, SR 2 37,

[#5 3 & B22] Fig. LIZRT X 512, BEORWT 2 F 21
AXY R NN-PAFAFRALLT I REBEION-AF LR Y
R 12 GQDs /3 # S /5 LRkl L, EDOmW A X
J =R Y ) —)UZ GQDs S H D L F IS LT,
DFE Y EBORMENRF & HOE Y — 7 TR RANCALE L,
GQDs [THADHEN VI VAR I A LER L, E5HIT,

NaOH #Z HV N CHTE @ pHIZFHEE L 727KIZ GQDs & 3 & w7z
LA pH 7,9 LR LT pH 11, 13 THOLIRE N L,

FESHEOE B IR AN A B LT (Fig. 2), AU, HIEVESHET
T GQDs K> OH FEAMREE L CHRIZHE L. FFENRIKIE
\ZE D GQDs DAy HatEA A L, & O S R e 23 i) &
N EICERTEEZONS, DXIZ, GQDs DHE D
Fe NN kT m I R L LI O KBREE THOEIREE AR
LPEE AR L, N-AFrrr U Rodio pH 13 DADE
T EATo T, Fig. 3ITRT L DI, BARFEOHEII N,
WO EIE 514 nm 225 471 nm ~ERE ST —2 7 R LT,

ZHED ., GQDs & HWTHEKE 0%7)° 6 100% F T DA
THBIRBE TR OB ITNARETHD Z L2 FIE LT,
(& 3CER] [1] B s2)), F REE, MRl &RE—,
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Fig. 1 Photoluminescence spectra of
GQDs dispersions in organic solvents
with different polarities.
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Fig. 2 Relative photoluminescence
quantum yields of GQDs dispersions in
water at different pH, evaluated from
rhodamine 6G in ethanol.
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Fig. 3 Photoluminescence spectra of
GQDs dispersions in mixtures of water
(pH 13) and N-methylpyrrolidone with
different moisture contents.
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Improved Photoluminescence of Di, Tri, and Tetra-Aminobenzene Molecules

Modified by Polyethyleneimine

Keio Univ., “Haowei Tan, Yoshiki Iso, Tetsuhiko Isobe
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Introduction In this study, the authors investigate effects of
branched polyethyleneimine (PEIL; Fig. 1) on photoluminescence
(PL) properties of benzene derivatives, 1,4-diaminobenzene
(DiAB), 1,2.4-triaminobenzene dihydrochloride (TriAB; Fig. 1),
and 1,2,4,5-tetraaminobenzene tetrahydrochloride (TetraAB), in
H,O at pH 7 and pH 1.

Experimental Each benzene derivative aqueous solution was
prepared by adding 4 mg of powder to 40 mL of H>O at pH 7 and
pH 1, and sonicating the mixture for 5 min. The resulting
solutions were then divided into 10 mL portions in bottles, with
and without PEI (2.1 mg), and subjected to magnetic stirring for
3 h. The final obtained solutions were stored in the dark, and the
four-fold-diluted solutions were used for characterization.
Results & Discussion
brightness under 365 nm UV light was enhanced by adding PEI
to all the aqueous solutions of DiAB, TriAB, and TetraAB at pH
7. The PL excitation (PLE) and PL spectra of TriAB in H>O at pH
7 were shown in Fig. 3. The addition of PEI shifted the excitation

As shown in Fig. 2, the fluorescence

peak from 514 to 458 nm, and the emission peak from 662 to 602
nm. Both peaks are assigned to the HOMO-LUMO transition of
the m electrons in the benzene ring. The addition of PEI increased
the PL quantum yield (PLQY) from 3.1% to 10.0%. At pH 7, the
interaction between NH, groups in TriAB and PEI via hydrogen
bonding prevents direct contact between TriAB and water
molecules. This results in the suppression of non-radiative
relaxation by O-H vibration, leading to an increase in PLQY. In
contrast, at pH 1, the fluorescence under 365 nm UV light was
dark for TriAB solutions regardless of PEI addition, and no
difference in PL/PLE spectra was observed, as shown in Fig. 4.
At pH 1, NH; groups in TriAB and PEI are protonated to form
NH;" groups. This results in the breakdown of the interaction
between PEI and TriAB due to the electrostatic repulsion between
both NH;" groups, leading to no PLQY enhancement by PEI

addition.
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Fig.1 Molecular structures.
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(right) PEI in H>O at pH 7 under 365
nm UV light.
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Fig. 3 PLE and PL spectra of TriAB
and TriAB+PEI in H,O at pH 7 and
photograph under 365 nm UV light.
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Fig. 4 PLE and PL spectra of TriAB
and TriAB+PEI in H,O at pH 1 and
photograph under 365 nm UV light.
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High quality thin film growth of BaSnOs3; perovskite films with hexagonal boron nitride seed layer
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XL HIZ] BE, BEFRNFELERT /ALK BaSN0: ANRE SNV, BRAILEFRNFELDEEE
LTAKRBEMDHKENEZRLIEIRRERT/NA XIZEB L., B#E&S SrTi0;(001) EiR L~
BaSn0; EIEERIE L . BhI-fERMELRABFHEEBILICHUILE: @, BABOS—ORy—
WEERBTHOICIXERASRERDFALIRO 5N dH, —BMUICERELREANSAE
WREADROTA DA FEBIEMOEERIETIE. Bh-#RK%EEONT. FOKEXELN
B, RETIK, O>—FBELTEE 1I0maiEDARARELERDFE (-BN) 2EBEBELAS R
iR EIZHEL., ZDOLEERIZBaSn0; Z/iE3 52 & T, B -HEREEEREEZEZEITHIILE
DTHET %,

[RER] FEHES TS AV-LESMEBEZE (ICP-CWD) EBZAWLNT., AEASAERLEICEE
500°CT%/E h-BN # EEARK LE=®, Ff-. BaSn0:EEIL/ LR L—Y—1Hff&Ex (PLD) #H
WTHELTz. XRDBIEDHER, ZHEERETHS_LEERL. Bh-HEREEZRLT=
(BRLEER] EELERZFEHLEBBERITH 90% (at 550mm) THY . AREH S AEREAXRD
BERLFAETHY . BHAEICBATWAZEADh o=, ERIL-FEORLEMEEFig 112
=9, PLE TILKE 335nm ITE—4 55 250nm A 5 400nm DL 4Eis TS E R~ L=,
PL CILEE 920nm [2rhilyZ % 800nm A5 1200nm TTIH— R E—9 #Rr L=, LRI
K Y BEELIRERNEANBHAEICENT- BaSn0; BIRTHE LN, ARHASRERLEIZV—FKELE
LTZ/E h-BN #H2a L Z D LEERIC BaSn0; EIRZRIE L 7= C & THR&EMEA M L LEZELARNFE
KN FEONT-, BEFERLEICHRET HHERIE. 1A U0 EEOREEESTTHHBE LB IES
Y. BFOEEEZ1THTL, LHML. -BNIZ2 XTOEKMETHY . RETEHBLI 7
DTILT—ILAIDZEHTHD, D=, BFEEGAHLILRELLNMNERFRELTRE S
5%, -BNEZY—RBELTREASRAERLEIZCTIZ VTILT—ILAIESA X —TRESEE
BaSn0; fEI. FBEAMICEN-ZHEREZHA L. BEERERLICKE LZELRFOEEGARN
BRALZERL
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Fig. 1. (a) PLE spectra and (b) PL spectra for perovskite BaSnOs film grown on h-BN seed layer
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Effects of sintering temperature on optical properties of

Ce-doped fluorapatite ceramics
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E-mail: m3225480015@std.kitami-it.ac.jp

1. Introduction

Calcium fluorapatite [Cas(POa)sF, FAP] is considered as
an excellent host lattice for luminescence and laser
materials. The majority of recent efforts have been
directed to studying the luminous characteristics of
fluorapatite doped with rare earth (RE) ions [1]. Although,
it is difficult to fabricate FAP transparent ceramics
because of the scattering of grain boundary, our group
successfully fabricated Nd and Yb doped FAP transparent
ceramics recently [2,3]. In addition, the characteristics of
FAP transparent ceramics at different temperatures have
also been investigated [4].

It was hope to believe that, the incorporation of Ce3*
ions into FAP lattice could result exciting optical
properties. However, fabrication of Ce:FAP transparent
ceramics poses various challenges including appearance
of CeO, secondary phase, transitions of Ce®" to Ce**
during sintering, large atomic mass of Ce and difference
in oxidation state of Ca?* and Ce®* ions [5]. Despite the
facts, we succeeded to fabricate Ce:FAP transparent
ceramics by using pulsed electric current sintering
(PECS) technique for the first time. Since, optical
properties of a material can be affected by sintering
temperature, we fabricated Ce:FAP transparent ceramics
at varying temperature.

This study aims to explore the effects of sintering
temperature on the optical properties of Ce-doped
fluorapatite. These findings provide valuable insights into
the influence of sintering temperature on the optical
behavior of Ce-doped fluorapatite and offer implications
for its potential applications in various fields such
ceramics phosphors, bioimaging and solid-state lightning.

2. Experimental Procedure

At First, 1% Ce doped hydroxyapatite (Ce:HAP)
precursor was synthesized by using Ce(NOs)3.6H.0,
Ca(OH); and H3PO, as the starting materials. The initial
FAP powder was obtained by calcinating fluorine-
substituted hydroxyapatite in air to replace OH" ions by
F ions by using CFsCONH,. After that, the Ce:FAP
powder was sintered at 900°C, 950°C and 1000°C
respectively by utilizing the PECS technique.
Consequently, both sides of the samples were mirror
polished to remove surface roughness. Finally, optical
properties were investigated.

3. Result and Discussion

Fig.1 shows XRD diffraction peaks of Ce:FAP powder
and ceramics as well as in-line transmittance spectra of
Ce:FAP transparent ceramics at various temperature.

Intensity (a.u.)

Single-phase powder is important to obtain
homogeneous and uniform transparent ceramics with
enhanced optical properties. From Fig.1 XRD peaks, it
can be observed that the diffraction peaks of the Ce:FAP
powder and ceramics compare together with standard
data of JCPDS file No. 15-0876. All diffraction peaks of
Ce:FAP powder and ceramics indexed to pure hexagonal
apatite phase of calcium fluorapatite. Since there are no
additional peaks or impurity detected in Fig.1, the Ce®*
ions have effectively been incorporated into the FAP host
and both powder and ceramics are in single phase.

Furthermore, Fig.1 demonstrates that fabricated
ceramics showing relatively high transmittance at near-
infrared region. However, the transmittance decreases
gradually at visible wavelengths due to scattering losses.
The ceramics exhibit a considerable decline in
transmittance particularly around the wavelength of 350
nm owing to Ce®" absorption. Among all sintered
ceramics, the ceramics sintered at 1000° C shows high
transparency of nearly 80% at 1600 nm wavelength. The
discrepancy in transmittance at different temperature
may be due to residual pores remaining in the ceramics.
The details of this are under investigation.

Theoretical Transmittance

Ce-FAP Ceramics

Sintered 950°C 80}

— FAP
== Ce:FAP-900°C
— Ce:FAP-950C
== Ce:FAP-1000C

Ce-FAP Powder
Calcinated 1000°C

40+

i

In-line Transmittance (%)

900"C 950°C: 1000°C
-FAP Ce-FA “FAP Ce-FAP FAP Ce-FAP

JCPDS No. 15-0876 ' Ge-FAP Ce> Ci-FAP Ce.) CE-RAP) Ce-

| Ml I ' 1
n n

-FAP Ce-FA -FAP Ce-FAP FAP Ce-FAF

25 30
260 (degree)

Wavelength (nm)
Fig.1 XRD peaks of Ce: FAP and in line transmittance of
Ce:FAP ceramics at various temperature

In the presentation, we will discuss detailed optical
properties including the emission spectra and
microstructures.
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