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There are two types of light: right- and left-handed circularly polarized luminescence (CPL),
which has different optical properties from the linearly polarized light used in recent liquid
crystals. It is known that this CPL has a growth-promoting or growth-inhibiting effect on
plant. In this study, we aim to develop novel circularly polarized organic light-emitting diodes
(CP-OLEDs) based on metal lanthanides, with the aim of producing LEDs that emit CPL.

In this study, we have succeeded in generating magnetic circularly polarized light (MCPL)
with both rotational directions by applying an external magnetic field of 1.6 Tesla (T) to two
kinds of achiral CdS/ZnS core-shell quantum dots in the solid powder state and PMMA film-
wrapped state. The rotational direction of the MCPL was successfully controlled by the
direction of the applied magnetic field.

Then, full-color magnetic circularly polarized luminescence (MCPL) in red, green, and
blue was successfully generated by three inorganic luminescent materials in solid powder
state using a 1.6 T permanent magnet without any chiral chemical effects. Their anisotropy
factors (gmcpr) are in the order of 103, and the direction of MCPL rotation is successfully
controlled by the direction of the applied magnetic field.
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HE - ARER - EREEE2S0EBEE 7 PVI Ay A(PLIR, =L 27 b
VIiAvEtyZA(EL), 7PV 27 a2V AR, 74 b 2 TN A2FERHT L7720
DETH 5D, ZORPT, FEE, MRS 500 - FFEILEFHE(CPL) 27173 F 7 VRGO
RASTEH ZH£DT W5 119, CPLISGARIZRD 55 281X, SuE TR (D) &
WA 177 - BRPUBR T2 O BB IGER T 2 MW E AR T (gep) TH D, LA L
A5, FINGAEIAOR KO K EIL, PEETEI N Z & R3S B IRt
RRDDLIENHERZ L THD, HINET X7 VERISEREEL 2012, #F.
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B oA LB X O NE -CPL 2155 7201213, @Y RFIVWECBiishzFI Lk
MO VE, HLVIETF v FHRIRW L ER. 58, BRIoeAPLETHL L,
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CdS/ZnS-1 BLX U CAS/ZnS-2 1%, Y7 TIVE) 9 F TN oEAL. ZOHK
TEIE, TNEFN~5mBL4.5nmm THo7ze K X ¥ 7 ) I)VEEAF )V (PMMA) id.
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1-2-2 PLHEXUMCPLAIRE

CdS/ZnS QD &3 PMMA 7 4 VA1d, QD # &3¢ PMMA (1.0 x 102 M) %, Mikasa
Opticoat MS-A100 Z:1& % HV T, 3000rpm CAY Y I —F 4 Y 7452 LI X DIER L 72,
MCPL B X OYPL ZAX7 ki, JASCO PM-491 1.6T sk AR = i 2. 72 JASCO CPL-300
SIGHOWEEEN 2 W T, KR CTEECO AL TR L. #ELA 0° Tl L7z, MCPL
DOYEREZ B BTN % 72012, BHERF guce = (ILIR) /[(IL+IR) /2] Z v 7z, &
ZCJIL & IR IZ FNENERSE TR L 72 & & o bl & 450450 MCPL O EE % 7R 96

1-3 BREEE

CdS/ZnS-1 FGKIE, ¥V T4 2HL2VIZE 205, BEAEKHAKIRET MCPL
ZHAESIHE D LY L7z (Fig. 1-1a), St nlfzdi1a (MCPL OfF 7)1, FVNY %44
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Fig.1-1. MCPL, CPL, and PL spectra of (a) CdS/ZnS-1 and (b) CdS/ZnS-2 excited at 286 nm under
N-up (red) and S-up (blue) directions of the Faraday geometries at 1.6 T, and under no
magnetic field (black); as a powder (solid lines) and in a PMMA film (dashed lines).!®

Table 1-1. MCPL characteristics of CAS/ZnS-1 and CdS/ZnS-2 QDs in the solid state.

QDs gvcp X 1073 (Amcpr, nm) Sample
N-up S-up Type

CdS/ZnS-1 -3.0 (406) +1.6 (404) Powder

CdS/ZnS-1 no PL no PL PMMA

CdS/ZnS-2 -1.3 (411) +1.3 (411) Powder

CdS/ZnS-2 2.6 (409) 2.9 (409) PMMA

g0 )i [N — S (N-up) i3 m & S — N (S-up) 35 4710 | THISITE, N-up Bl T
(% (-) -MCPL 2%, S-up TliZ(+)-MCPL 8% 5172 Z® MCPL O %% 405 nm TH - 72
(Table1-1),

WERD Z LS B EEIIN L 2 WIREE T, CdS/ZnS-1 %5 D CPL AX 27 bk Vi,
B SN2 o720 T PMMA 7 4 VAT v ¥V ZIREN S O MCPLOFH 2 A 72,
B, PMMA 7 4 VAT v ¥ Y ZIRED CAS/ZnS-1 » 51k, MCPL 28l 3 5%
CEMNTELDoT,

WHBIZ, F LA YEETHEEL L 72 CdS/ZnS-2 QD D FEAR KIREES X U8 PMMA 7 4
IV 2REETO MCPL B X ' PLEEDZI %, CAS/ZnS-1 & A5 Tika 7z, Fig. 1-1b
IR X912, CAS/ZnS-2 1Z. PMMA 7 1 )V L IREE & AR R IREE O )5 ¢ MCPL %
B9 HZ LI L7ze CAS/ZnS-1 & IEXIEYIC, CdS/ZnS-2 Tld. *+ L A EEEA
FOHFEEZE Y, =120 L 2EmME D PMMA 7 4 VAR ON2 720 THEEZD
N5, FEEBARIRED CdS/ZnS-2 @ MCPL %% (411 nm) iZ. CdS/ZnS-2 PMMA 7 1
V2D MCPL #% £ (409 nm) & LKL T, DI 2ICEEE Y 7 b2 5172 (Table1-1),
BEA KB L O PMMA 7 1 )V 2AREEIZ 222D 53, N-up #3%5 )70 & S-up #%35 J510) .\
EIFEEWE R FRD MCPL ZA X2 N VASERHl X v, CdS/ZnS-2 @ MCPL 3113, +10° O F
— ¥ —T&H>72(Table1-1)o CdS/ZnS-1 [k, CdS/ZnS-2 756 b, WHZEIML Tw
HWIREETIE, CPLEBINT 22 LI TE o7,

Pk 7% F v CdS/ZnS QD FIARITH GRS 2 EIIN§ 5 2 12K 0 RS KIRTE
BIXOPMMA 7 4 VAIREEIZBWT, CPLZ23AESE5 2 LI LIz Y,
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2. 7FINEF-BZ-BF-BERIEEHSOBEFEKMREER X (MCPL)
2-1 #E

BT % & F 2 WERRISOEEHZ 250~450 nm O#EPAT EL % PL 27”3 b O2%EM
fESTH Y., 10000 K % #8 2 5 BFM OIS A 4 — F(LED). 7%V A ZEFH R i e
BHROL—F =% EORE ST RAIFH I TS, —F, BVRFERT (o) &
EVWETIE (D) 2 F L. CPL 2R3 kk4 &% 7 VAERSUERIE. MREEER EL R
Erd ) 74 BRNOIHPNFRFEEINT WS, gepr & Orid. L —FF 7ORIZH
5720, FINVEAREMFZHWTIS, BV g EHVOr 7R T F 7 IV RER - &8
75 A5 —HIRNRIZ, 1ZEALHE IR TV,

R, FA7eHid, W AERIRES X OREARIREIZB W T, 71 3k Eul(hfa); B &
ONTh™ (hfa) 3 & 61K (hfa: hexafluoroacetylacetonate) 2> 5. 1.6 T D44 EB#%H; % N — S(N-up)
JE S— N(Sup) FHASHMTA2Z L I1I2X ) MCPLARETAZ L2 HELTWAS,

ZZTARMZETIE, %5 T4 2820 T 55 VR BTSSR D S OFVERRES
MMz & 5. CPL DA% ATz BRI ADL S ORR), #(G). FB) D~V F CPL
RNEEBRT L0 3MHEOEuEALT I v 7 AR ZH 2o REIZIEY,05/Eull
(R-IL). G 1121 BaMgAl;zO;/Eu/Mn! (G-IL). B 2121 BaMgAl;Oy;/Eu!! (B-IL) ®
SHEOEuaHET I v 7 2%l (Fig. 2-1),

Fig.2-1. (a) R-IL, (b) G-IL, and (c) B-IL under 365 nm light. Photos: the powder form.®

2-2 KR

R. G. BOZKBOXL T I v 7 3RIE MK L AR S0 S L Tn /72w 7z,
MCPL B X O PL AX 2> h)Vid, JASCO PM-491 1.6T sk At % fii 2. 72 JASCO CPL-300
SOCHDGCEE RN 2 F v T, Ein TGO HAOLTEE L. #&ELA 0°CclE L 72. MCPL
DR % = IIENT 3 5 72012, EFMR T gucer = (ILR) /[(IL+1IR) /2] % 72,

2.3 RBREEER

AR RIREICBWT, €53 v 73K RIL, G-IL, B-ILIZ, 1.6T® N-up BL
Sup KOG ZEINT 52 £12X ). MCPL %4 % k720 ZFDHH, WL R, G,
Bfi®d MCPL AX%7 M aFEAEZIESL Z LI L7 (Fig. 2-2) Eu™, Mn!, Eu! O
B BRI T A MCPL ¥ —271&, 121 608/592 nm (Fig. 2-2a). 517 nm (Fig.
2-2b). 441 nm (Fig. 2-2¢) ICBM S 7z, WIFF L7z ), MCPL O RIEEA AL, EINY %
W3 (N-up B L O Sup) OF N L D HilEIT 5 2 L2 Lze Al AR EREEY & L C.
1.6T ® N-up B X U S-up #2724 Eu/Eu/Mn! % F—=7L727F IVt 3
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Fig. 2-2. MCPL (upper panel) and PL (lower panel) spectral profiles of (a) R-IL, (b) G-IL, and (c) B-IL.
N-up (red lines) and S-up (blue lines) represent the magnetic fields applied to the samples
(solid powder form). The excitation wavelengths ( 1 ex) were 270 nm for R-IL and 365 nm for
G-IL and B-IL,respectively.'®

Table 2-1. MCPL characteristics of R-IL,G-IL,and B-IL in their powder forms under the N-up and S-up
Faraday geometries at 1.6 T.

Luminophore gmept. (Wmcpr in nm) / 1073

N-up S-up
R-IL Y203/Eu -0.92 (607) +0.98 (609)
G-IL BaMgAl10017/Ew/Mn -0.78 (511) +0.46 (511)
B-IL BaMgAl0017/Eu +0.70 (438) -0.83 (444)

v 7 ZFEWARAS, RGB @ MCPL WAL LCHICHRET 2 Z L B L M2k o720 A
N7 MVEBEELZZE Z A, HAERNZFE MCPL A7 M5 b FRICTR TV 5D,
WD Ed/Eu™/Mn" £ A ¥ 25 D FERES 5% (ZFS) IR L TWwWb EE 2 Hbib,

Table 2-1 12, 1.6 T ® N-up B X O S-up F MO 2 FIN L7z, EARK RIREIZBT %
R-IL. G-IL. B-IL ® MCPL ¥ % /R 9. BLERZE W Z & 12, B-IL ® MCPL £¥ 7 i,
R-IL. G-IL 5 & 134 Tdh - 720 R-IL. G-IL. B-IL ® MCPL A & ( A mepr) 15t
&3 % N-up /TP gyepr fEilX. 607 nm T-0.92 x 10-3. 511 nm T -0.78 x 10-3, 438 nm
T+0.70x 103 TH 5, —F. Sup HTIE, TNSDOMHEIETDTNIERAR LA (ZIFHH
XFRE o THBD, 609 nm Tid +0.98 x 103, 511 nm T & +0.46 x 103, 444 nm T
-0.83x10° &, (ZUITHEMMFRE 72> Tz,

P, Eu/Eu/Mn! £ * > % F—7 L7 7 F 5V WEIOBMIZ. SRR 2 Fvin5



() HARBRS AR T8R4, 39 (2021)

HZEICk Y, FRIRES X OERED 3d, 41, 5d A € VIREBOFGRAKbIS Z &1
£V, MCPLA%AS®2 L&MW

3. f&h

AIFZE T, 2O 7 F I VN CAS/ZnS 27 Y= VvE T Fy P BIX O 3HEHEOT
FINVERL T I v 7 AR REIEEERD Y05 /Eu™, frEFELHARD BaMgAl,zO1r/
Eu/Mn!, HMHIEHARD BaMgAl O /Eu) 2, 1.6 7 A T (T) AR %= N-up B L O
S-up HFNZEINT 5 Z 212X ). BEEGKRIRED 2V IZ PMMA 7 1 VAT v ¥ v 7IRGE
WZBWT BAEREF 10° 4 — & — T LMo MCPL 234385 2 L ITHI) L 72,
Z 512, MCPL O alfiz [ A%, EIIN9 % @85 D F 10 (N-up 8 £ ¥ S-up) 2% 2 5 721F T,
BT a2 R L,

S, T MCPLEUR%Z LED 1252 3¢5 2 212X ). CP-OLED ORFEA 1] 5k
ThbEEZOLNL,
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