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Figure 1 The molecular structures and performance data of the newly designed Pt(II) complexes (Pt-1 and Pt-2) in this study, along with the

previously reported Pt(II) complex (Pt-3) by our group
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Figure 2 (a) Distributions of frontier molecular orbitals (FMOs),
energy levels, and spin-orbit coupling (SOC) constants. (b) Comparison
of the Sy (blue), S (red), and T, (green) structures with the order of Pt-1,
Pt-2 and Pt-3
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Figure 3 Single-crystal structure and packing mode of Pt-1
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Figure 4 (a) Thermogravimetric analysis curves, and (b) cyclic voltammograms of Pt(II) complexes
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Figure 5 (a) UV-Vis absorption and photoluminescence (PL) spectra of Pt(II) complexes in DCM (10> mol/L). (b) PL spectra of Pt(II) complexes in
PMMA film (10wt.% doped) and neat film. PL decay characteristics of (c) Pt-1 and (d) Pt-2 10wt.% doped PMMA films
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Fowt. %) e ERE, FLARSC RS FI i ReEicH: S 45 T
EIS5. S6FIFKS2. S3. SLERZNREN], #FFHIULL
JERHEL) 568Uk OGS (PL) L —2, R HHE L
HEZR AR B R ST, Y4522 3wt %3
FNOwt.%HF, Kl RGN A 2088, X ATREE R OLZE N
1) FIRAH AR S8 BMEFEAB A9 B Gwt.%) T,
WAL FARM B LS, RS B ERBE
REI RS 4. Ab, (R E S R Ui 2 rh s al
HomFEA RS . RS SR C R TS
A PEREAR B A an 1, (HH R O™ AOH T [ A HE R
APIRZ, RSB SR T A B 2K, AR AR
il T RESFEIEK(ACQ)H =4 A - =4 A K
(TTAYRNE, a3 BE R ARA BHE A LU s i 2 B
Fas, ST ARIBLA Y RO CER 3wt %8 24 4%
R YERERIESAE. W6 FR, TERML 54T, TPt
VRIPt-2 285 4 1) FL B8R HEO BT I (A ) 53591 R 587 I
627 nm, AALFR(CIE, )35 241(0.56, 0.44)1(0.66, 0.34),
T KFETE (L) 5390117 1478781129606 od m™2, e K LT
U (CEma) 2 3H75.07123.6 ¢d A™!, e KRERER
(PEmax) 73 51°090.5F128.9 Im W', f KAMg FH0%
(EQE o) 7351 2432.5%F123.4%. Hob, JETPt-1881F K&
AR B AT SCRIGE R M2 —. 3248 TR
MR TS Ffr, AR RCRIR R
1000 cd m 225 BE ., TPt 1 HIP-2 281 U EQE(H AT 43
W IA31.8%M20.5%. 4 HIEMATEENE,
10000 cd m™25% B N 5 TPt- 119 ST 445725, 0% 1 41
HFROR. AN, ETP-2MIZH I CIE, H M (0.66,
0.34), EFEIEEFEERBMREZ L SINTSC)E X
FILTG I bRE. S22 845 T 2SR RE S AR d

5 B s R Re AR Fe AT i — D IR R B W
OLEDH S HALRY T REME. LAPE-1 R 244, FRoATTdE— il
7% T 4549 H1ITO/HATCN(5 nm)/TBBP(30 nm)/o-SFAF
(15 nm)/DMIC-CZ+DMIC-TRZ:3wt.% Pt-1(50 nm)
/ANT-BIZ(30 nm)/Liq(2 nm)/Al(100 nm) A #$1F(KS7).
Hr, TBBP(PU(4-BE AR HL)-4,4"- 12K i) Flo-SFAF (V-

4y s (nm)” e (nm)” T (ms)° @, (%)” k (10°s™)9 ke (107579
Pt-1 405/507 613/568/616 90 4.29 0.48
Pt-2 412/528 637/620/660 80 3.08 0.77

a) ZEDCMIAEWE Y, "MLCT/AMLCTHR KW, b) ZEDCMIAR . 10wt.%1B24PMMA LI B 2l i I PLIGE; ) 10wt.%3824PMMA I PR 4,
JE AT, d) 10wt %B2PMMA B IIEREIPLQY; o) I ik k=d/t, ky=(1—D)/t

3280



(a) (b) (c)
1200 s 100
3 1.0 o= —— Pt 1
< £1000{ ——Pt2
4~

2 o84 o 110% 104

‘@ < £

£ £ 800+ - —o— Pt-1

£ o6l > e s 8 =l

1 ‘®n 600 o w14

w 5 = (<]

- 0.4 LS {102 ¢ w

4 = 400+ T

= H 3 0.1

E 0.2 5 2004 410"

S (&)

=

0.0 T T T T 0 . v 10° 0.01 T T T T T
400 500 600 700 800 9200 0 5 10 10° 10" 10? 10% 10* 10°
Wavelength (nm) Voltage (V) Luminance (cd m?)
(d) (e (f)
1000 1000

g 100 = 100 >

s N £ k]

> c

8 105 2 104 —o— Pt-1 g

5 —— Pt-1 S —o— Pt-2 £

© —o— Pt- = )

E 1 Pt:2 £ 1 2 70{ ——Pt-1 L, = 9723 cd m?

£ > 8 LT, =131h

° [ S 60

£ 01 g 0.1 4

3 o

Q 50

0.01 . r r . r 0.01 T T T T T T T — T
10° 10" 10% 10° 104 108 10° 10° 10? 10° 10¢ 108 0.1 1 10 100 1000
Luminance (cd m?) Luminance (cd m?) Time (h)

Bl 6 (a) #HiFREC LG (b) IR . HRFIREEIMZRIE. (o) SMEFRCRMS AT A, (d) FIRACRRIS AR L LR EL. (o) RELt
BB B EL () FE TR P 11K 1 HE AR ] e th 2k 151

Figure 6 (a) Normalized EL spectra of the devices. (b) J-V-L characteristics of the OLEDs. (c) EQE, (d) current efficiency, and (e) power efficiency
versus the luminance. (f) Normalized EL intensity of the device versus operating time with Pt-1 as emitter
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Molecular design and photoelectronic properties of high-
performance tetradentate platinum(Il) complexes based on
carboline isomers

. 1% .. 2 . 2 1 . 1 . 2
Youming Zhang , Yijia Deng”, Lian Wang”, Keyue Xu', Manli Huang', Zhanxiang Chen",
-1 1 1 2,3*%
Nengquan Li', Tao Hua', Hong Huang' & Chuluo Yang™
! Institute of Technology for Future Industry, School of Science and Technology Instrument Application Engineering, Shenzhen Institute of Information
Technology, Shenzhen 518172, China
2 Shenzhen Key Laboratory of New Information Display and Storage Materials, Shenzhen University, Shenzhen 518055, China

3 College of Materials Science and Engineering, Shenzhen University, Shenzhen 518055, China
* Corresponding authors, E-mail: zhangym@sziit.edu.cn; clyang@szu.edu.cn

Organic electroluminescent (EL) materials and devices represent a critical research frontier for display and solid-state
lighting technologies. However, developing devices that simultaneously achieve high efficiency and long operational
lifetime remains a formidable challenge. Currently, in the OLED industry, iridium(III) complexes are the dominant
materials for red and green light-emitting layers. Their core advantage stems from the strong spin-orbit coupling (SOC)
effect of the iridium atom, which enables up to 100% triplet exciton utilization. Combined with high phosphorescent
quantum yield and short excited-state lifetime, this effectively suppresses efficiency roll-off caused by triplet exciton
accumulation.

Compared to iridium complexes, platinum complexes offer significant advantages, including the heavy atom effect, d-
orbital participation in the excited state, high photoluminescence quantum yield (PLQY), narrow full width at half
maximum (FWHM), high stability, and easy tunability of molecular orientation, positioning them as a promising
alternative. Notably, the core patent landscape for platinum complexes has not yet consolidated into a monopoly, presenting
an opportunity for our country to circumvent the patent barriers associated with phosphorescent iridium complexes and
establish an independent OLED material technology system.

Addressing these challenges, this study designed and synthesized a series of tetradentate platinum(Il) complexes using
isomeric carboline derivatives as electron-accepting units. A systematic methodology integrating theoretical calculations
with comprehensive experimental characterization was employed to elucidate the fundamental structure-property
relationships governing their photophysical characteristics.

The results demonstrate that altering the linking position on the carboline unit significantly modulates the emission
wavelength, excited-state lifetime, and luminescence efficiency of the target complexes: (1) the complex featuring vy-
carboline linked at the 2-position (Pt-1) exhibited orange-red emission. In contrast, the complex with y-carboline linked at
the 4-position (Pt-2) displayed red emission. (2) Electroluminescent devices fabricated using Pt-1 and Pt-2 as emissive
dopants exhibited EL spectra with peak maxima at 587 and 627 nm, respectively. These devices achieved maximum
external quantum efficiencies (EQE.x) of 32.5% and 23.4%. Furthermore, devices based on Pt-1 demonstrated
exceptional operational stability, with a measured LTy, lifetime (time for luminance to decay to 90% of its initial value)
reaching a remarkable 131 hours at an initial luminance of 9723 ¢d m 2.

The outstanding device performance, particularly the record-high EQE exceeding 30% for Pt-1, coupled with
significantly enhanced LTy, values for these orange-red/red emitters-provides crucial insights and establishes a valuable
benchmark. These findings offer significant reference value for advancing the practical application of organic
electroluminescent technology in both display and solid-state lighting fields.

electroluminescence, platinum complex, carboline, tetradentate coordination, device lifetime
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