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Abstract: In this work, spiro-chiral electroluminescent emitter (Pt-TPA-8-Chl) was constructed via a steric hin-
drance strategy at the terminal acceptor of a tetradentate Pt( Il ) coordination system. Optically pure enantiomers ( P-
Pt-TPA-8-Chl and M-Pt-TPA-8-Cbl) were successfully isolated through chiral chromatographic separation. The mo-

lecular structures, photophysical properties, and device performance were systematically investigated using combined
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theoretical and experimental approaches, elucidating structure-property relationships. The complexes exhibit excel-

lent thermal stability (decomposition temperature > 450 “C) and intense deep red/near-infrared (DR/NIR) emission

(A,,=698 nm). Remarkably, the chiral enantiomers demonstrate strong circularly polarized photoluminescence

(CPL) in both solution and thin-film states, with photoluminescence dissymmetry factors (Igp.|) reaching 10, Vacu-
p y y 8 g

um-deposited devices achieve NIR electroluminescence at 685 nm, delivering a maximum external quantum efficien-

cy (EQE,.,) of over 17. 6%, ranking among the highest reported values for Pt( Il )-based deep-red/NIR electrolumi-

nescent systems. The solution-processed circularly polarized phosphorescent organic light emitting diodes (CP-

OLEDs) exhibit an electroluminescence dissymmetry factor (lgg 1) of ~10™. This work provides a strategic design

paradigm and theoretical foundation for developing high-performance deep-red/NIR luminescent materials and chiral

electroluminescent devices.

Key words: Pt complexes; circularly polarized luminescence; spiro-chirality; deep-red to near-infrared (NIR)
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Fig.5

(a)Device structure with energy level alignment of the relevant materials. (b) EL spectra. (¢)External quantum efficiency

vs luminance (EQE-L) curves. Current efficiency (CE-L)(d) and power efficiency (e) vs luminance (PE-L) curves
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Tab. 1 Optimal performance data of light-emitting devices based on platinum complex Pt-TPA-5-Cb as the guest material
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Fig.6

(a) TDDFT-simulated circular dichroism (CD) absorption spectra of P-Pt-TPA-§-Cbl and M-Pt-TPA-§-Cbl. (b) CD ab-

sorption spectra, (c)circularly polarized luminescence (CPL) spectra and (d)asymmetric factor of P-Pt-TPA-§-Chl and

M-Pt-TPA-8-Cbl in DCM. (f) Circularly polarized luminescence (CPL) spectra and (f) asymmetric factor of P-Pt-TPA-

6-Cbl and M-Pt-TPA-6-Cbl in 10% doped PMMA film
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Fig.7 (a)Device structure with energy level alignment of the relevant materials. (b) EL spectra. (¢) Current density and lumi-

nance vs voltage (J-V-L) curves. (d) External quantum efficiency vs luminance (EQE-L) curves. Circularly polarized lu-

minescence (CPL) spectra (e) and asymmetric factor(f) of the P-Pt-TPA-8-Cbl and M-Pt-TPA-8-Cbl-based devices



2044 K b/

¥R % 46 &

4 %

=1

AR SCR FH 4 A IC A BB I 2R 3 057 BEL 1) 55 W6 Ay 2
TR AR LA P B O iR R B0 2040 RO R
Pt-TPA-6-Cbl, 338 2 1 ZIOBAH 438 A D 4% 43
— X} ee%(H A 99% F& A7 1 't 2 4l 5 44 {4 (P 7 Al
MAY) . SCH P 5E R ], P-TPA-6-Cbl 3K B 1} 5
B BR L0600 21 50 & 6 R v, 7F DCM ¥ W Fl B
Z B eh (9 & OIS 43 0 676/672 nm R A
v 4 3.0 ws,PLQY N 60% . 3T Pt-TPA-6-Cbl Hy
ROGE M ZE B T A kOGS A R 685 nm,
BRAINE TR 17.6%., AT — LB T

0T TR O PR O R R R X BRI A T
107K F, 5 ik B K2 B & B &Y
B I 4 % 6 A BHEE AR XY o & T P-Pt-TPA-8-Cbl
Fl M-Pt-TPA-8-Cbl by & % 1A 1 Jié i 80 4% 4 b 26
B B S A (5] O R & O M RE D F SIOR D I A
680 nm /& f7 , L BUR A X FRIA F7E 107 K F-
A TAE — 5 T Ry A6 v 280 R £ 3 21 A0 HL 3R
R BHEAE T 3 0 R 9], 55— J5 T, Sk R SR MR E
B VR 2156/ 21 4 [ i B L B0 & O M R A T

— AR ATAT R A

ARSCANFE SN A AR T I AR B N T

P-Pt-TPA-8-Cbl Fll M-P1-TPA-5-Cbl F 1 F 1K 19
5] s 41 & 61k BE L HEAE 5 RORN 3 BROIR S R Y R

FH AL : http://cjl.lightpublishing.cn/thesisDetails#
10.37188/CJL.20250165

& % X #:

[ 1 ] PEETERS E, CHRISTIAANS M P T, JANSSEN R J, et al. Circularly polarized electroluminescence from a polymer
light-emitting diode [J]. J. Am. Chem. Soc. , 1997, 119(41): 9909-9910.

[ 2 ] ASHIZAWA M, YANG L, KOBAYASHIK, et al. Syntheses and photophysical properties of optical-active blue-phospho-
rescent iridium complexes bearing asymmetric tridentate ligands [J]. Dalton Trans. , 2009(10): 1700-1702.

(3 ]k, g, Bk BRIRZOCHRMERMES N (] &b 5 27, 2025, 40(1): 111-127.

ZHANG M J, SU R Q, ZHUANG T T. Endowing circularly polarized luminescence in liquid crystal composites for
desired applications [ J]. Chin. J. Lig. Cryst. Disp. , 2025, 40(1): 111-127.

[ 4 ] SCHULTE T R, HOLSTEIN J J, KRAUSE L, et al. Chiral-at-metal phosphorescent square-planar Pt( Il ) -complexes
from an achiral organometallic ligand [J]. J. Am. Chem. Soc. , 2017, 139(20): 6863-6866.

[ 5 ] CRASSOUS J, DI BARI L, WONG W Y, et al. Circularly polarized luminescence: a themed collection [J]. J. Mater.
Chem. C, 2023, 11(18): 5905-5907.

[ 6 ] ZHANG X Y, XU Z R, ZHANG Y, et al. High brightness circularly polarized electroluminescence from conjugated poly-
mer F8BT induced by chiral binaphthyl-pyrene [J]. J. Mater. Chem. C, 2020, 8(44): 15669-15676.

[ 7 ] ZHANG H W, HAN J L, JIN X, et al. Improving the overall properties of circularly polarized luminescent materials
through arene-perfluoroarene interactions [ J]. Angew. Chem. Int. Ed. , 2021, 60(9): 4575-4580.

[ 8 ] ZHANG D W, LI M, CHEN C F, et al. Recent advances in circularly polarized electroluminescence based on organic
light-emitting diodes [ J]. Chem. Soc. Rev. , 2020, 49(5): 1331-1343.

[ o] #7ue, RER, @om, F. FPEIGBEW AT ALY 09 4> 7450 5 Bl m 4 4 O6HERT [J]. AR5k, 2025, 46(6):
1075-1081.

LIAN N X, HUANG G B, TIAN K L, et al. Supramolecular structure and circularly polarized luminescence property of
chiral perylene diimide derivatives [ J]. Chin. J. Lumin. , 2025, 46(6): 1075-1081.

[10] YEZY, WU H, XU Y L, et al. Deep-blue narrowband hetero[ 6 Jhelicenes showing circularly polarized thermally activat-
ed delayed fluorescence toward high-performance OLEDs [J]. Adv. Mater. , 2024, 36(1): 2308314.

[11] WUX G, HUANG J W, SU B K, et al. Fabrication of circularly polarized MR-TADF emitters with asymmetrical periph-
eral-lock enhancing helical B/N-doped nanographenes [J]. Adv. Mater. , 2022, 34(1): 2270006.

[12 ] DINUZZO D, KULKARNI C, ZHAO B D, et al. High circular polarization of electroluminescence achieved via self-as-
sembly of a light-emitting chiral conjugated polymer into multidomain cholesteric films [J]. ACS Nano, 2017, 11(12):
12713-12722.

[13] ZHAO Y, YIN L, LIU J J, et al. Advance in chirality of achiral substance induced by chiral solvent [J]. J. Funct.



S0 SRAWT, A ST OO B OO AG LA [ i Ak O MR SRS CFEIR 210 /A 41 AP s BUR BT S 2045

Polym. , 2016, 29(1): 20-28.

[14 ] WAN L, WADE J, SALERNO F, et al. Inverting the handedness of circularly polarized luminescence from light-emitting
polymers using film thickness [J]. ACS Nano, 2019, 13(7): 8099-8105.

[15] ZHENG Z G, HU H L, ZHANG Z P, et al. Digital photoprogramming of liquid-crystal superstructures featuring intrinsic
chiral photoswitches [J]. Nat. Photonics, 2022, 16(3): 226-234.

[16 ] FUGR, HEY N, LIW T, et al. Efficient polymer light-emitting diodes (PLEDs) based on chiral [ Pt(C"N)(N*0) ] com-
plexes with near-infrared (NIR) luminescence and circularly polarized (CP) light [J]. J. Mater. Chem. C, 2019,
7(44): 13743-13747.

[17] GUO L J, ZHANG Y Y, WANG Y, et al. Directing Multivalent aptamer-receptor binding on the cell surface with
programmable atom-like nanoparticles [Jl. Angew. Chem. Int. Ed. , 2022, 61(18): e202117168.

[18] LIUJ X, HETF, GONG Z L, et al. Rational design of circularly polarized luminescent molecular structures toward NIR
and single molecule white light emission [J]. Adv. Opt. Mater. , 2024, 12(11): 2302486.

[19] WANG L, MIAO J S, ZHANG Y M, et al. Discrete mononuclear platinum ( II ) complexes realize high-performance red
phosphorescent OLEDs with EQEs of up to 31.8% and superb device stability [J]. Adv. Mater. , 2023, 35(32) :
2303066.

[20 ] HUMPHREY W, DALKEA, SCHULTEN K. VMD: visual molecular dynamics [J]. J. Mol. Graph. , 1996, 14(1):
33-38.

[21] LUT, CHEN F W. Quantitative analysis of molecular surface based on improved marching tetrahedra algorithm [J1. 7
Mol. Graph. Modell. , 2012, 38: 314-323.

[22] HUAT, LIN Q, HUANG Z Y, et al. Narrowband near-infrared multiple-resonance thermally activated delayed fluores-
cence emitters towards high-performance and stable organic light-emitting diodes [J]. Angew. Chem. Int. Ed., 2024,
63(7): 202318433.

[23] JTAOM Y, ZHANG B B, WANG Z C, et al. Design of new visible light pt photocatalyst based on the tddft study of prop-
erties of transition metal complexes [Jl. Appl. Organomet. Chem. , 2022, 36(5): e6637.

% A BH(1989-) , 55 , W A 3 £, 8
+ L PR, 2017 48 T TR K 2% A4S
e VAN YN S | W o B N
RN

E-mail: zhangym@sziit. edu. cn

BEF (1966-) , 5, & HA L H
+ L B 1997 4 T R K 2 AR AT
+Efn, EEMNFEAIE S TR
BB RE S U I B 5

E-mail: clyang@szu. edu. cn

TR (1985-) 5 WM EE N A
G T AR, 2012 4 TAE R RHE K27
PAFPE A2, BT AP BUR
JE T AAE (OLED) AR5 25 11 IS
E-mail: huangxiaoli1985@126. com




