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Application of Green-Emitting Carbon Dot-Based Films
to Luminescent Solar Concentrator
Keio Univ., “Yunxiang Liu, Yoshiki Iso, Tetsuhiko Isobe
E-mail: iso@applc.keio.ac.jp, isobe@applc.keio.ac.jp

Introduction In this study, carbon dots (CDs) were synthesized
by dehydrogenation polymerization of p-phenylenediamine (p-
PD) [1]. Furthermore, the films consisting of the CDs and ethylene
vinyl acetate (EVA) copolymer were fabricated and applied to a
luminescent solar concentrator (LSC).

Experimental p-PD was added to diphenyl ether. The mixture
was refluxed at 250 <C for 2 h under ambient air. The resulting
CDs were washed with hexane and collected by centrifugation.
The CDs were purified by silica gel column chromatography using
a mixture of dichloromethane and methanol as the eluent and
collected by evaporation. The purified CDs were dispersed in
EVA copolymer chloroform solutions. The dispersions were
poured into Petri dishes and dried to obtain CDs@EVA films with
different CD concentrations and film thicknesses. EVA film
without CDs were also fabricated. These films were attached to
the device (Fig. 1) to evaluate LSC performance.

Results & Discussion Fig. 2 shows photographs of a typical
CDs@EVA film which was transparent yellow under white light
and exhibited green luminescence under 365 nm UV light. As
shown in Fig. 3, the absorption peak was observed at 468 nm due
to the HOMO-LUMO transition of the m-conjugated system. As
also shown in Fig. 3, the excitation and emission peaks
corresponding to the HOMO-LUMO transition were observed at
490 nm and 540 nm, respectively. As shown in Fig. 4, the
photoluminescence quantum vyield (PLQY) decreased with
increasing CD concentration and film thickness. This is due to
reabsorption of emission caused by the overlap between the
absorption and emission spectra. The highest PLQY was 55% at
0.05 wt% CD concentration and 137+11 pum thickness. Fig. 5
shows current—voltage (I-V) curves measured under AM1.5G
simulated solar light. Attaching CDs@EVA film with 0.05 wt%
CD concentration and 36947 um thickness to the LSC device
resulted in the largest short-circuit current (lsc), and thus the
largest photoelectric conversion efficiency (r). The spectral
sensitivity of the LSC device confirmed that the increased Is. and
n are attributed to green luminescence from the absorption of UV
and blue light.

Reference [1] R. Sato, Y. Iso, T. Isobe, Langmuir, 35, 15257
(2019).
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Fig. 2 Photographs of CDs@EVA film with
0.05 wt% CD concentration and 36947 pum
thickness.
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Fig. 3 Absorption, excitation, and emission
spectra of CDs@EVA film with 0.05 wt% CD
concentration and 36947 pm thickness.
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Fig. 5 I-V curves of LSC device without and
with EVA and CDs@EVA films with 0.05 wt%
CD concentration and 369+ pm thickness.
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RABKBRNABAH CuINSAZnS BF Ky BT BF/aV0ROy FOESR

Fabrication of CulnS2/ZnS Quantum Dots Dispersed Silica Nanocomposites for Luminescent Solar Concentrator

BXET

OXEF # AR, B Bf, B WE

Keio Univ., °Shotaro Yano, Yoshiki Iso, Tetsuhiko Isobe

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

[ B R OB 72 EICHIHTE DB KB R ET A AN
HEHINTEY, 200 E DA KEHENERH(LSC) 3 H 5,
AWFSETIEL, CulnSy(CIS)/ZnS &+ K NQDs)s kAT N7 A F
NT =T AV Y r— NIMAS)FE T U ANIZHEL LT, AR
D QDs kT VS ) a Ry FaE Y v —FE TR -,
S HITHREA T U 23 (c-Si) KRB & LA A H T LSC #/ERLL |
QDs JEJE % 25 S 72 2 B R ERAE 2 51 L 7=,

[EBHE] Ay M oY= a L ETEKR LT CIS/IZnS QDs
DBKVERERNL % 3-AND T N a4 B TY o RAag#
L. BlKE LT, 13050 & EZe il Ca - EIARE 2 Rk o
TMAS KIEIEFIZ 8 LT & L, A IAEFIO RS A F L &2 5N
L CERSAIIMA T, Zibs LORZEAZRE T, Beiko QDs 4y
WU arRyy Naetgl- QDS IRENR2 B ) a KRy
v FAERIL . 205 OMIEIC c-Si KByEhE Y 2 — L2855 L
THEZL L7 LSC DI EHFIEZJE L7,

[#5 R LOEEE] Fig. 1 12 QDs IRE A 2L S TER L=/ =
VIRY y OB E R T RIS U TAHBRYE T T EAN LA
Z2EL, UV X F Itz R L7, Fig. 212/ a2 KR Yy bo
B ALT VB L OPL A7 bV Z&7Rd, K550 nm KV &k
FEMOFEIERN QDs DD 7= K& KT L7z, QDs JEE D#Y
KITEEOHI 550 nm L W B EMOFZBHRGLE T Lz, Zix—5
DUHE LT- QDs IZ XL D HHELEEDBH K L7z LB 2 b b,
PL 38 LR EACIC AV EE K L7z, B —Z AL 2N 582 nm 7> & 609
nmiZly R 7 kLA, ZHUE QDs (2 &k A5t H eI o B
KICENT %, Fig. 3 D XL 912 LSC ZHE4E L T AML.5G &ELUKE
DR T T IV R ZRET 5 & QDs LD KIZ K » CLEN
NEF LUz, 728, QDs #&H LR 0wWt%d 7 7 o 7 3 CHESt
L72LSC THLRENIL X 72, Z DFRBEMRED LA 2T D72,
Fig. 4 DYCBLEBNRAIPCE) A2 M ARIE LT-, 7T v 7k
{28 % LSC @ IPCE A7 L TIL, dTaRAMEED 55 400 nm (2
T TIPCE MK L7, ik, #ARHR I CHGEL L 7= Ao —
ERS KB EIZEIZE L, 2> DR ENE &L 58 < & o 80
KEWT & ZRET 5, K 400 nm LA T O IPCE 132 LT,
ZAVITEA U7 KRBT ¥ = — L OLRER O RN 35 8 % i
Frefzh RSN 5, —J7. QDs 255 &K 4
BRI C IPCE 23m B L7=, #9400 nm LA F O TH B ENE
TRV, ZiuL QDs IZWUL S 7= 603 KBGO LRk D WY
BT RVORICRELSB SN -7-0 L& 2 b b, QDs A3 &2k
L7209 550 nm L 0 B EAITH QDs I O KIZHEV IPCE 23
M B L7, ZOERRTITHEEORBITBN N L, —HoO
BESE L7- QDS IZ L 2 ASHEOBELO BN A LT- L HiZ s b,
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Fig. 1
QDs-silica
with different concentrations.
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TI"ES & U Sr 3L CssCuy s DEERE R & F At
Crystal Growth and Luminescence Properties of TI* and Sr?* Co-doped CssCu:ls
RIEXRT' FHIEKRE®?2 ERILKNICHe®, KBRKL—H—H8*, (¥) C&A° b4y 1 BBIEWRM ®
o) HEE BN RF BN LK RIEE FHN #2° Yuntao Wub
Department of Mat. Sci., Graduate School of Eng., Tohoku Univ.}, IMR, Tohoku Univ.2,
NICHe, Tohoku Univ.3, Institute for Laser Eng., Osaka Univ.%, C&A Corporation®, SICCAS®
°Yusuke Urano'?, Shunsuke Kurosawa?®#, Akihiro Yamaji?3, Akira Yoshikawa?®, Yuntao Wu®

E-mail: urano.yusuke.sl@dc.tohoku.ac.jp

TN Ve A o F L—Z O TIHRN CssCuals (TICCI) 13X, 38t &% 98,200 St:F/MeV,

TRV =53 fRREDS 3.3 % (662 keV, FWHM) & v, 2o, WIEMESMEWE W TRt 2 BT 5
[1]. L Lenn, dFmBB L Lus R, ZRAXF—IGEDOBIHEREN L0 5 Rtk
PEEFFo, 22T, S’ ERIEIN L7 TENal 1x, S &R L TV 7220 TENal 12T, = gL F
— I RAE, TRAX—IRE O (NPR) Ak L, #EHEMBAmEmEL Lz & WA ST
%[2), % Z TAMIZETIE, TIME Stz dkyshn L7z CCl (TIL,SrCCl) fifZ B L. Zd NPR 23k
T|L, wOEEMNEEET 5008 90, FAE LT,

TET Y vV -A kv 7 A= H—EIC LY TILSECCl &2 B L, fidsOMFEE TR X
#RIElHr (XRD) %@ (D8 Disocover, Bruker #) (2 X W 1T-7=, 368 L OWE 27 hHEIE %
Sy FeEOEIEEE R (FP-8300, JASCO f1) MW TiT-o72, MIA T, ¥Cs <> 2Na 72 & L&
HA5E  (R7600U-200, IEAAAR b =27 2th) . BB~ A FF v 10T+ Z74 % (MCA, Pocket
MCAB8000D, AMPTEK #1:) % HIW T v il K 23K LOYNPR OFHiiZ 1T >72, 356

IZIA T PMT 2T, 5% 41 2Aa—7 (TDS3052B, Tektronix £f) Tt LTy v F L
—Ta vEkFME MG o7, £, TIHE SOk

1.15

5 « TI,5rCCI
T X550 SO I AT 510 SABIEN 5 1 - Tice
# (UVSOR) O BL3B E—AF A AT, 10K 705 %135? .
350K 1281 DI L ORI ALY M DREEREED o TV g
BITE 24T - 7. $°%
B RO%, 77 AmBED H L7z TILSHCCl #d > 10 10°

Gamma-ray energy [keV]

%, B3R XRD fER L0 HOMERE LI, (DO ZEIT Fig. 1 NPR result of T1,Sr:CClI

MR SN2 oz, 74 VIR B AMEICL Y TILSHCCl DIEEPERIE 490 nm & 530 nm
IE—7 MR L. RN LA BT R ool £z, FBEIL 37,000 Ja1/MeV T,

T RVX—3RAEIL 6.4 % (662 keV, FWHM) T -7, H#kFHAMIL 750 ns TH Y TICCI & b~

TEHE L, EHICFig. 1 XV =X —SE OO SED R o,

References [1] L. Stand et al., Nucl. Inst. and Meth. A, 991, 164963, (2021). [2] K. Yang et al., J. Appl.

Phys., 118, 213106, (2015).
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SR MTFROD I UICKB2EHER/ 1 T v F(TMS);Cuzls
DFEER AL & 4t 5T

Deposition and optical properties of organic-inorganic hybrid (TMS);Culs thin film by Mist deposition
IR !, CD)EEE A, wh 2!
Kyoto Inst. of Tech.!, “Keisuke Watanabe', Hiroyuki Nishinaka'
E-mail: d2822004@edu.kit.ac.jp

VTR, Bkl & LT CssCuals 72 ED Cu h A X T A RUNER S5, 2Ok
ISR & O KERELEM A LIRIE T 7' A THIIECHEFE RO CE 2 2 L b,
LEDRRCY T L—Z B & x9N T A A~OISHPIFFSI T d, Cs-Cu-l Ridm s
VIt Br 0 CLIZEHRT 5 Z & CTH O DR TOFRIEADHIEIN FTHETH 5703, Pb HNT A R
17 ANA ek L3RR eI A CORILERBINT E LI CE QR Fio, RETHEE
T 5 Cs;CuCls IIRKZEEMEIMEL . FFRRSEIC L > THER AL/ 72 d, 22T, 2 Cu
RALZNNTA REY BERE TR L, @ORREENE SN EZ ORI e L
T, BRI A7) v RO Cu i A XN T A R THDH(TMS)Cuals (TMS: trimethyl sulfonium)“Z
HH Uz, ZOMEHT 2023 ARt SNT-Hi7-7ep BT, UV FClREICHEET 5 Z E3mbT
B0, BT 26% R E ORI B AIRA R T2 MBI TND, Tk CIEERESR OIS DI
DEHITEY, 73 ASH FEEZREEOERZE ORI N7 > TR, A
ZETIEI A FFARD Y 3 % AV T(IMS)sCusls DFEIIEATERY L, 15 5307 ML Z U OO
i LT,

A MTFARTY 3 AL o TERK L72(TMS)sCuals 50> PL/PLE JIE DfEF 41X 1 127~3, PL
TEDFEFITBNT, 552nm 2 E—27 & L, FWHM 7% 042 eV Th D7 11— R Goniz,
PLE IZETIX 287 nm & 313 nm (=27 DGO TEY |, 1.72 eV DRE/2A h—7 A7 R3]
RENnTz, F72, TR LIZ(TMS)Culs 1 UV FCHREADRIEEZ R LUK 1 A F), w2, X212
(TMS);Cuals DGR IR A 7R3, SRR~ A 7 o — & —D—ROBEEE R L TEY |
T4 T4 LV ELN BN 461 ps ThHoT-, ZOMITZERS CHE SN WAL
FHOETHH, Bf5R L R TRE GEVDALNRNWZ ERH LN -7, Y HITEREORE
O IE P RRE2R ST oW T L D B GER T D TETH 5,

E=TN|

[11Z. Luo et. al., small, 16, 1905226 (2020) [2] X. Liu et al., ACS Appl. Mater. Interfaces, 12, 52967-52975

(2020) [3]S. Cheng et al., Phys. Status Solidi RRL, 14,2000374 (2020) [4] D. Banerjee et al., ACS Appl. Mater.

Interfaces, 15, 30455-30468 (2023)
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FRMErRRELAFNRILEF a-YFS:Yb> DLW %R
Luminescence properties of blue-excitable near-infrared phosphor a-YFS:Yb3*
BB, JdtEEkImK? Cdt) #BE!, LHE #FE?

AIST !, JAIST %, °Yuuki Kitagawa!, Jumpei Ueda?

E-mail: kitagawa.yuuki@aist.go.jp

AP ETREZ AT S YOI 4£4f BRI X Y 1000 nm [HEDIEIRY (NIR) i v — 7 7%
HERT LD, NIR L—HF = v FL—2REDT 7Y 75— a ViZEd TR ED &
NTEM[1], Lo L 4f ¥EGLIEH 10000 e HfdL7z 2Fp B X U Fsp DA TH Y, ARG © %
WAL T = v b YO ~DERBE) (CT) B X E R RitEf & LTalb N T» 523,
kD% LY - b RHAF IC B W TR~ RIMNEIC & 8 B[2], AFZETIE, BT
& v S EEFBEAEOFERKE L, CTHENY FORKREY 7 P B FEINS 7 v LR
o-YFS IC YO 2RI L 7286 2 &R L, YO @ CTIREE & B 2 et ic o wWCTHE L 72,

Yb¥ % 0.1%A 1 L 72 a-Yo0999FS:Yb¥ 0001 HIYEAAGEL 2 EFHGIE IC X W &AL 7z, Fig. 1a IC o-
YFS: YO 3kl D 4K TOHOE (PL) ¥ X HOENEE (PLE) A~<2 PV %I/R$, PLE A<7 b LT
I, a-YFS FHARIL (Nv FF v v 7 E,=~2.7eV) DI, 450-500nm IZJA23% 71— F 7l
NN v R 23 & nf:o o FHEEAINE U £ 7213 Ce¥ i YES [3]TIREHI X N WIRIN N v FTH
L2 Ehb, liE U TR 72 S3p WUED B YO¥~D CT BB ICIRE X N5, B DL
E¥) Y20,8:Yb3* Tl i CT il Ny FO ¥ — 213 310 nm ICA7E L TH Y [2], o-YFS:Yb*" Tl S i
XZRWFEY 7 PO EBRIEFICRENT L Bbr o7z, — PL A2 FLTlE, 1000 nm it

CYb¥*: Fsp — P BRRIlREI NS > vy — 7 NIR BEAEHl Xz, £72 660 nm 2 v — 7
a TEH5WT o — FaFEnElld sz, i a-YFS:CeH I RN 27 L 0 b EHEOFR
THY, F/10K TIREAEHEHKLZZ DL YOO CTRNTH L EEZ LS, Fig. 1b I

I3 FH BINENIS T CTD PL A= 2 bV OMRERFEZ R T, W R, v — 7K
%<*mtkbk#6 KRB ToREr vy - LT 7V r—vavhiliffiih s,

L R L L L B B L L [ T T T T T T T T T T T T X T
i H 1 £ Vh3
(a) PLE | 0-YFS:Yb* | £ (b) AN 4-YFSYD™
10 Jem = 993.5 NM : T=4K- 2 e =t
e I , PL ] — 275k _—' ) g W
% 08 '_ |‘ i ‘ hex = 405 nm _' fé\ ?’)%@K ‘\ : :
- L : SE 5}
T IR _
Wt \ - | ] 13 3
0.6 ] A
o | ] x f
o | \ I F512 SFE E
ﬁ L | ‘ ‘; F \ e
= 0.4]l CB~ VB | TN , “2 8 SE 1 3
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Fig. 1 (a) PL and PLE spectra of the a-YFS:Yb*" (0.1%) sample at 4 K. (b) Temperature dependence of
high-resolution PL spectra (7 = 4-300 K).

[1] G. Boulon, J. Alloys Compds. 451 (2008) 1-11. [2] L. van Pieterson et al., J. Lumin. 91 (2000) 177—193.
[3]Y. Kitagawa, J. Ueda, #; 84 [Eliis B K F AR 2, 23p-A305-10 (2023).
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SHPHIFEZER U SrsCax(POs)F IZH TS E* DY A b G F R
Evaluation of Eu’" site occupancy in Sr3Cax(PO4)3F by spectroscopic analysis
EBESIRK !, (BR)EBANXFEHSR?

OpE 1EER 1'% U¥F IEBA?, EHEMT!

JAIST !, SUMITA OPTICAL GLASS, INC.?

E-mail: go-aso@sumita-opt.co.jp

[ =]

2016 4F, LiF ZBIANZ V2 Srs(POs)sF:ENIZ BT, AIEYERIELIZ K A 7 m — R7aRERSE1 B <
I, & DICHRE OISR I TILEINA LEO G A MLV BT 5 2 &2t Lz nFE T,
WD 72 2 BEE ORI & 53 HFHN T 2 b % <, FEEY A b ORIEFES X ORI
BREEAFIM L, MR AL 2 LIk, B2 RRGEFIEOMEICEN D Z LRI S LD RIFFE T,
R T RIFME I ZBURE 72 Eud* O3 61235 B L, BRI & Eudt-Lad L0 (SrCa)s(PO4)sF 123\ C, FHH
7243 ERE I K OMRHTIZER D #LATE.

[FUBHESL - B4l

FELR 23 ((SrCa)o.ossEuo.o1s)s(PO4)sF & ((SrCa)o.ossEuo.oiLacoos)s(POs)sF & 725 & 2 IZk 2 FiE - IRA L, Pt
% 21E % AV T 1000 °C, 2h T—HEERERL L, & DR O AE 2 {E#H% 1000 °C, Sh THERET 2 Z £I12 KLY
Iy AR EEZ. X BEITHEICE O THE —ME2MRE, B3R ~<7 b (@5K),
OPO(Optical Parametric Oscillator ) L —+4%—7% F\ 7= PL + PLE kot~ v B> 7 ZHE LTz, KRFIETIE,
Eu¥*® "Fo—3Do(0-0 IBRE)bie & "Fo—°Dy(0-1 )L D PL - PLE IRt~ v B 7IC XV 72D Eu¥t i
A FEBHIL, ZOYV A FOFNTFLERNOLYA MEAREZFEE L2, 51T Judd-Oflet fR#fTic L v £ &
RBFEHYA M2 EET D EuD QT A= &R, BFEEOR M &7 - 7.

[FERE LB
5K 2351 % Bud HMEEL o 0-0 R K digishil

LV BT ORR %A Fig. 1 12737, 0-0 I € 5801 E: ::2 ::
IR OB Th ), E— ) OREDI A 5 [exs787m

h Ot E RS, BRI RE Y, B A b %mfwmwm !
FEBAAET D 2 L AR TE ., SEROFME = [Ex5740mm
I IERIGER TR A SRR IR L 72 : Ex 571.5 nm ’ \ @
O-1 BB AR TR L, Ty om0
A MEBHE U727 —% &2 2. Eu¥ B, Bu'- Ex 567.0 nm
La¥* LR NNEEL D AT S e ds KL OB 2B LTI 550 600 650 700

Emission Wavelength /nm

HHWETD. Fig. 1. Excitation-En.lission wayeleng.th ?ounter plot
2% 3CHR] ((SrC a)022;;?2:;;;%3;?2;%% ltl:'ansition
[1]FR[EERR, FFFFHS 6600575 7 excitation.
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LSS IZZANTRESAE T vib TR E X FEDOHRRE R
Powder synthesis of narrow-band emitting fluoride phosphor using LSS method
MMBE L, KIRAIK?
OB L, /MUFER:, FEEZ, BEMAE LKIGHNE! HHE—2 HKBAESR!
NIMS?, Osaka Metro. Univ. 2
°Akihiro Nakanishi!, Yukinori Koyama?, Takayuki Nakanishi', Kohsei Takahashi!, Naoto Hirosaki?,
Hidekazu Ikeno?, Takashi Takeda!
E-mail: NAKANISHI.Akihiro@nims.go.jp

[#5] 8K 7 L B DBk T 2 BT.2020 Ziii7= 3772812, BRI 27”3 #OLERA KD H41C
W5, B OF] & LT SILIANGEU [1]7e ERVEI HIVTW D 23, Bu?JE D O R &
fEAE & OBIRITM STV R\, Z DT DFFIER L 2 R T HOC RO R BHESR I, K
BEORIEET — 2 2 Wo, T FEERORBRP R TH D, W IZRATHEE O E & 72
FELLE (LSS: local structure similarity[2]) % 2% Z & C, MEGE S ET — 2 _X— 2 ICSD /15,
BEFPAT AR ORRTE A 0 O RIS IFEEL L 72 A R AT DfEdE 2R LTz, 20
fEFE. SILIAINgEUE YR D Sr 4 MEERI L 72 /i 2 A7 5. NasAlsFu 258 R S vz,
NasAlsFu:Eu 2GRk L7z & 2 A, BRIl S i,

[FIE]1CSD EofEft&E 2 W< DD DORIETA Y V== 7 UlaA A oM 2 R b L
Teo THNHVEE, TNAHY HEERA A 00 8 BRI G A BRRHH & Lc, S
& LT S OBEEF O ER DO RpTE b HE Lz, ZREE LB L Th 2 RarEiE z
PRFET 27291, ICSD EoOfiabtEiE L | ZRELZMNA T X TOMAE DRI O W THEEE A
SR, t-distributed stochastic neighbor embedding (t-SNE) 412 & - CRIFMEE 2 2 IRt HAA X AT
b L7z, B LT — & mlildfs it
DY A FOJRFTEEEZ R L TR Y  FHEE
MEWT —H JUT L Vi< IChE SN D,

[FEH] 8 Bz R ATHERE D t-SNE [X % Fig. 1
(29, PRATIZE O 2 73 SrLIAINs:Eu® ™
Sr A RFITIZ NasAlsFy 0 Na A k237

E4 5205, NasAlFuEur 2 &% L7-, e zrlL_itlelgf
Ky XRD DfEH L 0 NasAlsFraEu? OB — .aatt o _f 4

FARIZAZh L, FEHE— 7 R 393 nm, STWEISM ﬁi{. ." e
{4246 30 nm O BAF RIS AR S G 5. Nkl

[#E2] A#F%21% JIST-CREST, JPMJCR19J2
DXEZZT-EDOTH D,

Fig. 1 2D t-SNE plot for 8-coordinated alkali-centered

local structures.

(£ 3CHR] [1] P. Pust et al., Nature Mater. 13 (2014) 891-896.
[2] S. Takemura et al., Sci. Technol. Adv. Mater. 22 (2021) 185-193.
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FEEABEBEICE D BV BMBEREAERRA F—I A2 T FORBKMEE
Systematic calculation of Stokes shift in Eu?**-doped phosphors based on density
functional theory
BRAXI' s’ °(v2) L@l X&' KB BES? /Ml =82 B F—
Osaka Metropolitan Univ. !, NIMS. %, °Taiyo Yamada', Takashi Takeda?, Yukinori KoyamaZ,
Hidekazu Ikeno'
E-mail: s123015x@st.omu.ac.jp

[(F6Z] A& LEA A 2 00E U7 WA E AR IL. B LED HOELR e L TR IS TR
V. BUEDFHA A MEROERPIERIITON TS, BIEART MLEFRKALT LD E—2
Py FOETRINDA =27 AT T NI, SOCRESCHENCOIRERER SICBEE L TRV | B
HARDBRFICB N TCEE/RRT A—F Lo TND, —HT, AR—27 AT 7 FEKRAMEROE
72T L 2N > TE LT, IR RFTHE IR DIRR DT D2 2 b OBROFEH R D 5
NTW D AWFZE T Bu IS L7238 D A b —27 A7 b 28— FEEHE D & RIS

AR OO RN A =2 22T MG A D HBEHLMNIT L2t AL T 5,
[ k] AWFZEClE, BuX IRiGH#0EARIC OV T, ASCF 2 W T A h—2 227 & FHE L7z, ASCF
VR B BEEGI IR N T 4 JUEOET | D2 KOT L 5 Absorption
S RAEIC RIS ST 5 = & bR AR A FET 5, HIE '
RREDZZEREIEIZ 1T 2 bk IR RE & LR RE D = r L & — &
O R — | BB DR EREIZ T D bR e &

IS
T

w
T

Calculation (eV)

o r=1.08 |
HEEEIRIED = KL F 30 BRI R F—Z3RD, Zh DO e ——
N o s S S Y Experiment (eV)
FEMDA M= AT MRz, FHEIX GCGA+UEE IV, i Emission _
Bu @ 4f fliEIZ U=7.5eV O/ — RIEZ X TITo 72, _
B4 1
[FER] 7 ooz b 7e & O Bu SO 62 D0 c
TEBTILF—BLOR b—2 207 M3 L, EBil & 3 1
Hol L7= 29 7 % Fig. 1 10Rd, Wk - T3 ¥ —3 b b Og, r=116
(CEBRAE L D T LT 0.3 eV BRESEB AN SN A BRI 5 D 2 epeimemevy
Lo, BEOFEIICHEI Lk, £, Wb 31X —5 L0 Sokesghit
) __6000F (c) R T
IR R TN T BRI EME LD TIIRA 5 | . s . o
BOBIZENEN 5T %L 69 %Efots, AR—sAYTME Bt art .
Ba AMHLEFZVR b—2 207 OKE AR TBAFMS  § 0~ . A
.//," * :Ba
NAEMDD D H DD, CaF2 X CaO 72 EDRFREN EV R T O %550 40006000
Experiment (cm™)
LR B IS B T L M TR T, RE T B IRIE 0L e
Fig.1. Comparison between experimental
DWNT, AR MEROEIEE A N—7 227 FOBEMEIZ DN results and first-principles
calculations: (a) absorption energy,
T Do (b) emission energy, (c) Stokes shift
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IR S A A~<T VT L Caz(PO,)y O Bu® L OF Dy* 2ysin :
O K OV GRS [y C
Co—doping of Eu?" and Dy®" ions in inorganic biomaterials Cas(PO,);
HORRTL ORJIBEE, IHRE
Faculty of Engineering, The Univ. of Tokyo, OHiromi Hayakawa and Hiroaki Matsui
FE-mail: hayakawa—bioeng@g.ecc.u-tokyo.ac.jp

BRGNS A A ~T U 7 VRERISH AT THRB SN ERKE TH Y | Frio, AT v
7TV NEAOERICHNFER I TS, BT, VBV T DRMENTE I BIFR L,
BWAERB 2R, VUL DRMENIA BECRE2 TIN5 2 & TV e A2 R
BB, NA A ZIZMT TR SN S, APFETIE, VBT
L (Ca3(POs)y) ZERXHRETDH, Cas(POnITIZERE B, a KO ) Z#H L. ARSEHIZE-
TERSTEREEMHAPER S, BICFEIC O REL 52 5, AifEIL, BEAA A ~T U T %
FAWTIS 3B OBIR 2 BFE L TR Y . ZOHE D b 3R 2 TEOEHIE b i
Do HIT, AL A~T U TV EWN I MEFERBLRI, TR (BB L EERE) ~0iERE
~OPREL & EERA IS E £ 5, AFEEK TIX, Eu2 L O Dy I Cas(PO4), DA 22 K T
HFROHEE 2 T D,

Eu?" X O Dy LU Caz(PO4), 1E, CaCO; & NH4HPOs Z REVE OA AEEE L CEOY, Ew0;
K O Dy,0s % iy HHOCHE O R & Ulc, SUBHMERIIE M FOGTE Z A L. NHiH2POs D ES 3 iR
ZHELE LT 3000C TOPARBERRIZIZ 1350°C TOARBER ZIT > 72, ABERKIL, KFBEETFRHR
(No/Ho T A) WTHERE L, BuA A OffifioE (Eu’t = Bu?') &17-o72[1], #UBEHiiE LT,
X BREIPTIC L DREEMRNT, KOV - % FICE LT,

13 5 7 BRI Cas(PO4): 13, 11000C LA o iR T4 E 7 o MRS & L TR bz,
— AT, Cas(PO4) (2 I 2 o (BRI R: P21/a) 7> 5 A (ZETHIIR: R3m) DFHEEFEIE, 900 - 1000°C
TERM OB A LI L T 5, A2 TIE, 1350°C OABER D & DBIE~DHENL 3 B
FEDT=, aBldD Caz(POs) 23R CTHERF S 172, a-Caz(PO4), ~D Eu2ishliE, fldh O EK
DRBER G 2, FEZ, bHIL O c BT R O T ER O R Z | EE Z Lz (Ca?t L Eu* DA A4
BOERNERT ), BT, B REDOHK EEHT, o Caz(PO4) \ZH1Z T AR ORE S & e
S, AR BRI b BE 52 5, —J7, BEFFHEICEI LT, Bu iR & 485 nm
TEOEE Y — 27 2R L, BUREOEMEEC, RIEEY 7 2R L7, Lol B iRINET
Tl 72 5 BB S e o Tz, —J5 . Eu? & OY Dy SEASINE R EED B L 7=,
ZIUL, DY A Ao BXx U T FT7 o7 UTHIET A Z EBRE I 5,

X-ray pattern

60000 Intensity and Duration of Afterglow

50000 J\A -
= Eul% Dy1% 100
g 40000 | J\—«w\«A——V—jL’\—— obyLe =
e ‘\ N 5
2 30000 | A L I Eus% '_': 10
2 )\ 7 =
§ 20000 | NN S\ Eu2% @
< nb 8 1

10000 [\ S Lo A Eul% E —Eul%Dy1% —Eu2%Dy1% —Eu3%Dy1% —Eu4%Dy1% —Eu5%Dy1%

0 A N Eu0% 0.1
30 31 32 33 34 35 1 10 100
20 (deg) Time [sec]

X 1. (/£) Ca3(POs)2: Eu?t, Dy* @ XRD /& — 2 N (f7) FESeihifR (FREImAE X, 254 nm %O
oG IREE 2 FHI)
[1]J. Mater. Chem. C, 2021, 9, 1622. [2] RSC Adv. , 2016, 6, 10173
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W LLRFEREGEOAR EBEFENT
Synthesis and structure determination of new deep red phosphor
MRXRE °FH @F, TH #

Niigata Univ.

E-mail: ktoda@eng.niigata-u.ac.jp

AHFZETIE, SrsGax0s & CazGa0s D [ ¥ 1T F5 W TR AR A 38 O & /R 7 R A O 5 i #H
SrCaxGaz0e:Mn* A 8 F, L. Hifkdh X M IEMEAT X 0 2 OfE G2 8 E Uiz, E7o, MARE &
L COEERAE 2 310 L7z,

SrCa;Ga06:Mn** (SCGO:Mn*) Hfid iz 7 7 v 7 A2 H Wi HHBIETAEKL 2,
SrCaxGai.eoMno 0106 DALERIZ FE S E Fr g - I AVRE L 72 R EHR AW I TAHA B D 50wt% & 72 5 SrCl,
BNz CTHRIRS Lz, 7V FA— MCHEIRAE M A 28R 5 & T 1200°C C 6 R L,
fotF T 850°C F T 7 IRF[H] AT THRI L7, A #2115 B AL 7o B LUk 2 BLAS &b XRD 25 & THlIlE
L. fbentsis & figsr Ui,

Fig. LIZREND L 91T, SCGO:0.01Mn** D XRD /34— INEERYE & —Ed7°, 2> 280
REFEN AR LTz, Fig. 2 12 SCGO:0.00IMn* D JihiL « HIE AT bV Z 7”7, SCGO:0.01Mn** it
4 - FHAOEHIE T T 712 nm 2 — 727 LT ARRORENE R U, HAE S IEEMNT L0 |
SCGO:Mn* 3L T7 ik TZEMIRE FA32 (#209) (ZJ& TS ildfEiE 2 4 L Tz, Z O EmiAL D
Sr;Ga0s & CazGax0s & 1L < 72V | 2> Sr0O-Ca0-Ga03 — ki) R TIXHED RN HLDTH b,
LLEDORER L 0. Mn* I SrsGa06-CasGa0s [l 1A % @ & ik 7> B #Hi M T 7R 4 8 6 A
SrCaGax06:Mn** D3 [, & 2 Dl db A D5 ISk h L=,

B REAEDOEHUIZ OV THEIN-AV I R B AMKSHO ZH 2B £ Lc, 2 ZIELH
LA L EFET,

T T T T T T T T
hem = 324 nm
by =712 nm

CasGa,0yy iy, By,

ICSD #62324

I ﬂ i ! CayGay ogMny 0,04

i
i

[i

]

SrCayGay 95Mig 0,04
A

I A PR S U A

A
Sr,CaGa) ggMny o, 0y
ot u. - AN

l A SryGay ggMng 6,04 o AN
b a AuA 4 . b
SrioGagOyy 1 f T ' T T T " T T
\ 1CSD #93807 300 400 500 600 700 800

] I : I : I : Wavelength [nm]
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i
i
i
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f“\
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I
[
tr
i
i," M
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Fig. 1 XRD patterns of SrsxCaxGaigsMnoo20s (0 = x = 3) Fig. 2 PL and PLE spectra of SrCa:Gaz06:0.01Mn?*,

sintered at 1200°C for 6 h in ambient air. Broken lines are deconvoluted excitation bands.
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