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Abstract Multi-resonance thermally activated delayed fluorescence (MR-TADF) containing heavy atoms exhibits
low energy loss, intense absorption, high intersystem crossing (ISC) efficiency, and long triplet state lifetime. In this
work, three heavy metal-free MR-TADF molecules combined oxygen, sulfur, and selenium atoms were chosen,
designated as BN-20, BN-2S, and BN-2Se. The heavy atom effect of these compounds was studied using theoretical
calculations and nanosecond transient absorption spectra. The ISC efficiencies of BN-20, BN-2S, and BN-2Se are
determined to be 39.4%, 74.7%, and 95.0%, respectively, while the triplet state lifetimes are found to exceed
10 ws. The upconversion system comprising BN-2Se/1, 4-bis (triisopropylsilethynyl) naphthalene (1, 4-DTNA)
demonstrates a high upconversion quantum yield (@, the maximum value of 50%) of up to 8.7% in solution, with a
threshold excitation intensity as low as 1.7 mW/cm?®, which is lower than the solar irradiance of 2.7 mW/cm’.
Additionally, the economically viable BN-2S and BN-20 show satisfactory @ values of 5.9% and 3.9%, with low I,
values of 6.2 and 15 mW/cm’.
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Fig.1 Molecular structure of three photosensitizers(A), optimized ground state geometry(B), frontier
molecular orbital distributions(positive only) of highest occupied molecular orbital( HOMO) and
lowest unoccupied molecular orbital LUMO) (C), triplet spin density surface(positive only) and
theoretical values(7)) of triplet energy level(D)
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Fig.3 Time-resolved transient absorption spectrogram(A—C) and decay kinetic curves(D—F)
in Ar saturated 1,2-dimethylbenzene
(A, D) BN-20; (B, E) BN-2S; (C, F) BN-2Se. A =355 nm, ¢(Photosensitizer)=0. 01 mmol/L.
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394 nm4b, 5 1,4-DTNA SRS 582, B BRI REHFE M, RITE 464 nm ik WK
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Fig. 4 Variation of TTA-UC intensity with different concentrations of 1,4-DTNA(A, C, E), TTA-UC

emission spectra in Ar saturated 1,2-dimethylbenzene(B, D, F)
(A, B) BN-20; (C, D) BN-2S; (E, F) BN-2Se. A_=464 nm, c(Photosensitizer)=0. 1 mmol/L, ¢(1,4-DTNA)=1. 5 mmol/L.

TTA-UC %638 -5 3% 62K 5 B A8 AL SO B AR Bk 28 P o 2 80 — R B — IR R i 4K
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MG R FE SO I FETEXT B XA AR K R AR . TR R BT, &AL
FEIT 2, R PR S CT R B e i, LA RRRAS J 1. XF BN-20/1,4-DTNA R R, (1)
IE A 15 mW/em?. {EASF B2, BN-2S/1,4-DTNAKZR 7091, 6. 2 mW/em?[ K1 5(B) ], 1fif BN-2Se/
1,4-DTNA KRS T HARAY 1,060 1.7 mW/em? [ 5(C) |, XAET (470+10) nm(AM 1. 5G, E1S9, W
AT HEE) B AR BHFE BREE 2. 7 mW/em?.

FR 4 Monguzzi 5542 H OB, 1,07 DUAF =CHdk
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Fig.5 Double logarithmic plot of the upconverted fluorescence intensity as a function of excitation

power density when paired with 1,4-DTNA

(A) BN-20; (B) BN-2S; (C) BN-2Se. ¢(Photosensitizer)=0. 1 mmol/L, ¢(1,4-DTNA)=1. 5 mmol/L.
Lemol'-cm™, BN-20 24 14100 L-mol ' *cm™) . B &) @i (BN-2Se 4 95. 0%, BN-2S 4 74. 7%, BN-20
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FREAFAE R F RS TTET. Z5 LR, MR 2 e KT | 5 D M D SERIVEHTAGES R .
[ Bsf LA 5 Dy (BRI 1, (28 T 8 5200 76 MR-TADF JEHGH] — 5 AR 40Pk R4 &y i Y
TEH.

3 &

4% 3 Fl MR-TADF 437 (BN-20, BN-2S Fl BN-2Se) A ## 1 5 -2 /M TTA-UC IR £ . R BRETT
BRSSO, RIS T HIF X% MR-TADF 4> ¥ = B A B A F R4 MERE RS2, BN-2Se/1,
4-DTNA i TTA-UC 2R AR PRI H 5 D AH (8. T%) , HIHHF5IA T HAE T (Se) FEAY ISC
RORME A, AR BRI R BN 1 — Ay, RN, 2B, (1.7 mW/em?) /NF2.7
mW/em® (R PHAR IR . & AP0, BIMEE(E A T ARBAC 2 )5+ (0) M E i+ (S) , BN-2S I BN-20 &
it Ay BIF P BLAFHY DA, 2390 5. 9% F13. 9%, LI RARE IAE , 43910 6. 2F1 15 mW/em®. 45 I,
W5 & B [~ 1] LU 3503858 MR-TADF [ SOC HLiHi , FHEASZE M 1SC 1L B/ RE FE A5 S ek, TRl As) 5K
BT BRI -5 AN TTA-UC IR R, FBH BS54 1T LUE Y AT A b Btk — 2 S0 I R eR aole- 4841
TTA-UC 0171, FEXTm P RE B BON (i T R AL T ZL A 225 . MR-TADF B H 19751 (1 ISC &R M
SEASBEH AT RELE AT WG S A R R AL SR AU SR AT N ] . kAN, —SURE R R R B S RS
B K A H T AN , B S A RACR TTA-UCIR R, v LASE LS G H EH060TE , ks
A SR L T3k 24 e R R A AR S I Ko A BH A G R FH A% %

#1458 L http: //www.cjeu.jlu.edu.cn/CN/10.7503/cjcu20240282.
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