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Abstract 1In thermally activated delayed fluorescence (TADF) -sensitized fluorescence (TSF) systems, the role of
acceptor transition dipole moment(TDM) in governing excited-state energy relaxation pathways remains insufficiently
understood. To elucidate this mechanism, we constructed TSF films with distinct acceptor TDMs: bis [4-(9, 9-
dimethyl-9, 10-dihydroacridine ) phenyl ]-solfone/1, 3, 5, 7-tetramethyl-8-phenyl-BODIPY (DMAC-DPS/TMePh-BDP)
and 2, 6-bis [ 4- (diphenylamino) phenyl -9, 10-anthraquinone/2 , 4-bis (4-diethylamino-2-hydroxyphenyl ) -squaraine
[ AQ(PhDPA),/DiEA-SQ]. The excited state relaxation dynamics in these TSF systems was systematically investigated

using steady-state and time-resolved fluorescence spectroscopy. The experimental results show that DiEA-SQ with
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larger TDM effectively suppresses Dexter energy transfer (DET) by enhancing the spectral overlap integral to

extend the Forster radius (R,). Notably, while high-TDM acceptors can inhibit non-radiative relaxation caused by
DET, their photoluminescence quantum yield significantly decreases due to the self-absorption (SA) effect. Our
findings suggest that increasing acceptor TDM is an effective strategy to enhance Forster resonance energy transfer
(FRET) efficiency and suppress DET, but designing acceptor molecules with large Stokes shifts or targeted optical
engineering is essential to mitigate SA effects. This mechanistic understanding provides critical insights for
developing TSF optoelectronic devices.

Keywords TADF-sensitized fluorescence; Transition dipole moment; Forster resonance energy transfer; Dexter

energy transfer; Self-absorbance
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PMMA : 1%DMAC-DPS: x%TMePh-BDP (x=0/0. 20/0. 40/0. 60/0. 80/1. 00, Jii 43500 Vi AL N 5 #5947, 20
mg PMMA | 19. 30 mg AQ(PhDPA ), LA S AN [R5t & (1Y) DIEA-SQ ¥ T 10 mL &5+, Bl J5 DA [R] 0 i 1
T2l £ PMMA : 29%AQ (PhDPA ) ,: x%DiEA-SQ (x=0/0. 02/0. 05/0. 08/0. 13/0. 20 ) 7 JEAE 5 5 PMMA : x%
FE 557 5 A0 0 PMMA : TSF # AR 1T 2 S50 &, (AR R AL E B A A TADF 431 . A 88K
it TR YR FH A 857K . PR RN S5 N B A TR T 06, B 2P BRI 15 min, YRS T 60 CF AT
HETAb B
122 BARKE R A KB E  FREASRBOEREEH UV-Vis 5006 BT TR . RS20 EIE
B EEEE TR AE , Hidh TADF 43 7 DMAC-DPS #1 AQ (PhDPA ), 1384 % 5 443 51 4 330 #1350 nm;
FE 43 TMePh-BDP 1 DiEA-SQ F3# & I K 43514 470 F1590 nm.
123 BAKLEETFFFNE  BESYOCEMIMNZ B BRI & , Hr TADF 3 F ik
e K2 350 nm, I 43 HILE 450 nm (DMAC-DPS) & 580 nm [ AQ (PhDPA ), ] 4k 5% 45 9¢ 5t 52 yai i % 5
TMePh-BDP Fl DiEA-SQ 43T~ 38 A& I 43 3k 477 F1629 nm, I3 HI7E 520 #1700 nm kbR HAG
R . RN PLQY HHBCAE R BRI GUT R A & U B 5 s S0 o
124 EFAFIHHE o PR T Gaussian 16 B HETT . X IR & Fr
HEHY FE 431 TMePh-BDP 1 DiEA-SQ % F B3LYP 32 sREA T4 AL i HAT B fap 5 A5 5% 19 TADF 43
F DMAC-DPS il AQ (PhDPA ), >k F Hartree-Fock A% 43 5 =5 /) M06-2X 72 PR UEATARAL", DARIE TR
. gi—i A 6-311G(d, p) I, IR AWM A% 224 B R (Polarizable continuum model, PCM) 1 A&
VRN . 18 12 2% B v pRFR I ( Density functional theory, DFT)X} TADF #1 FE FIEAT S, LA L R £
RN T, T AL 45 M 41520 F VDW 248 . I %5 B DFT (Time-dependent density functional
Theory, TD-DFT) 15 TMePh-BDP Fl DiEA-SQ 43T Hy 3 ELERIT4H 43, £55] S,—S, 9 TDM.
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Fig.1 Chemical structures of TMePh-BDP and DIiEA-SQ(A), absorption spectra of TMePh-BDP and
DiEA-SQ in chloroform(B), normalized absorption and emission spectra of DMAC-DPS(donor,
A,=330 nm) and TMePh-BDP(acceptor, A,=470 nm)(C), AQ(PhDPA),(donor, A =350 nm) and

e

DIiEA-SQ(acceptor, A =590 nm)(D) measured in PMMA films

GG AT R I ST B AR S AL TR, 06 28 Ah-1T WG i 3 P 5 1 2R ) PMMA 15
IR, LIRS AR EREC . PMMA B2 25 K RS SO L5 an 18] S1TCRAS SO RHE D FTR
£ 300—800 nm Y G N H 4 R B R 4F 195 61 . TMePh-BDP 5 DIiEA-SQ 4375 PMMA J# fi5
B U — A O 1 B 1 (C) F1(D) B, Hrf, TMePh-BDP FY f5e K WML I 32 T 501 nm b7
DiEA-SQ FY W W W A F 646 nm 40", Sy T VB AN [6] FE 2 74 i W ke, 43 51 %6 B DMAC-DPS FiI
AQ(PhDPA), Wi TADF 431 A R fit ({4 by i TSF & GRS (531254 WL IRT S2, A SCHEMR B,
K 1(C)FI(D) i, DMAC-DPS £ PMMA J R H (19 5 R & S 445 nm ™, AQ(PhDPA), IR K&
S A 598 nm' ™. PR TADE BER 105 STIEHES) 515 60 FE 2R MOMHOEHE 2 BLR U T,
[8] & Az FRET $2 £t 7 h 3 4413334,

B 1(C)FI(D) Fe 26 STCWA S H7 45 8 45 T TADF/FE 43 778 PMMA i I5 oh 1 PLQY %, H:
Hr, FESZURRY PLQY 3455 FXT 10 A TADF i A . 35 220 (/2 (R IRI T (e A JORR s R 2 , A FRET 1)
FERE Al R B AP A SO LS, SCRESR T TSF PR PLQY.
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2.2 TSF#EREFAFRET

TEAT I F il 45 A ] FE #eJE 1 DMAC-DPS/TMePh-BDP 1 AQ (PhDPA ) /DiEA-SQ 3 Ji5 , flF 5% 52
PR TDM Xt TSF R 256t FE 52 . B S3(A)FI(B) (WA SC L F5F R ) TR, TSF7E PMMA R H (1)
WO S B TADF 5 FE 0 FIROGEE ML tE 2, FRIAHEAFIZ R4 B AR T b ST 9 F T30k 4
fE, RIEWAFIEEAY . WE S3(C)F(D) IR, FENCREE 5 2 [ 226 R, I Pg] s
FEMEMBI5], RA AR RS,

PE#E 330 F1350 nm 43 FI1E ) DMAC-DPS F1 AQ(PhDPA ), P30 & i 1 LATE Bk & b4 [ 18 2 (A ) FiI
(B)]. AT UL, Bl FEVRIESET, TADF 4> T2 CHOERHIE K, It FATRE FE % 555 5 52 ey 5 Je 055 1Y)
e AR Ak . X R TSF MR P BEAAZE AL SZ R ) FRET, W0 AFAE FE W 2% JC 4R S oth 3 1

(A) PMMA : 1% DMAC-DPS :x% TMePh-BDP (B) PMMA :2% AQ(PhDPA), :x% DiEA-SQ
. X4
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S =z (0,02
z = 0.05
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Fig.2 Measured emission spectra of DMAC-DPS/TMePh-BDP(A =330 nm)(A) and AQ(PhDPA),/DiEA -
SQ(A,=350 nm)(B) in PMMA films with varying FE doping concentration, PLQY and contribution
for PLQY of DMAC-DPS and TMePh-BDP(C) as well as AQ(PhDPA), and DiEA-SQ(D) in PMMA

films with varying FE doping concentration
20 R AT AR AR A A 2 AR R S BTk L By, W TR
Bon = Son/(Sp + S,) (5)

K. S, F/R TSF #E H TADF fIA/FE 52 K4 53 7EAR A K 5 i h (I AR A T AR, A3l & 45 21
(1S4, FISSTNFS2, WA FHEE) Bn, 24 TMePh-BDP ¥ J& M 0. 20% 4 % 1. 00% i}, DMAC-DPS
() % 53 53 R H DA 32. 46% B8 2 4. 31% (1 S6, WA SC 55 B ) ; ML Z T, DIEA-SQ ¥ B AU T
0.20%, BRI {i AQ(PhDPA), i & 5 STk FL I 2 15. 66% (& S7, WA HEE). FiRgs &, 1%
WIS DIEA-SQ REFE AR AR FE T SE Bl R RE FE e %, KA AQ (PhDPA ), 2.

wE 2(CHF(D) fitzs, PRI PLQY Bl FE ¥ BERG In ) 2e TR Rk, 5 FE o0 F & JEmEAs
fb—%. 24 TMePh-BDP ¥ J#>0. 20% I}, DMAC-DPS/TMePh-BDP J# i1 PLQY JT 1A R % . YU T+
£ 0. 60% B}, TSF # 1 PLQY (68. 12%) CAIK T ##84% TMePh-BDP (1) DMAC-DPS # % (78. 17%). Tfii
24 DIEA-SQ ¥ Ji >0. 02% B, B fih & AQ (PhDPA) /DiEA-SQ # i PLQY T~ & (B i ¥ /& &8 & Ik F
TMePh-BDP 1A 2 ), 44k B T+ % 0. 08% If PLQY (53. 52% ) EAK T K524 DIEA-SQ ) AQ (PhDPA ), 3
[ (63. 52%) , B DIEA-SQ ¥R B TH i 38 5 5 | K il A5 Jehm i 4 .
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2.3 FRETF#ADETEZE

T EEFRIEFRET 5 DET B8 Jj2=ad #2 , RFEH A AH SC B3 141 (Time-correlated single photon
counting, TCSPC)FE AN TSF #ifH DMAC-DPS 5 AQ(PhDPA ), 2 G RE sl th <R A 73 . 310 st %
B IICFE M (1) GHER 5T 1w (7)), HRHFEBOR B TR 5001 (1 3), %t FRET A1 DET
AR AT . R FTR, A2 B FRET /B, TSF 1  TADF I A 7, 8 25 46
0S4 DIEA-SQ Ak B 5 3 0. 20% I, AQ(PhDPA ), Y 7, (0. 69 ns) % K 4524 DIEA-SQ 3 i (4. 83
ns) 4 55 2 3E — R 2, 1 TMePh-BDP 4b F A [ ¥ £, DMAC-DPS ¥ 7, (9. 64 ns) £ Jy A #5824
TMePh-BDP #i (13. 90 ns) 1 70% , W 7EAH [R5 221k T FE 521K TDM 8K FRET #5688 = .
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Fig. 3 Measured prompted component of fluorescence decay traces(A,=350 nm) and corresponding
fitting of DMAC-DPS/TMePh-BDP(A) and AQ(PhDPA),/DiEA -SQ(B) in PMMA films with
varying FE doping concentration, measured delayed component of fluorescence decay traces
(A,=350 nm) and corresponding fitting of DMAC - DPS/TMePh - BDP(C) and AQ(PhDPA),/
DIiEA-SQ(D) in PMMA films with varying FE doping concentration

The prompted and delayed components of fluorescence decay traces were monitored at detection wavelengths of

450 nm (DMAC-DPS/TMePh-BDP) and 580 nm (AQ(PhDPA),/DiEA-SQ), respectively.
LTSS SIS0 1), AT T 72 A
b = Tpp,0 ~ TpF,2% (6)

FRET™ TPF,()
s 7 7 (n8) A3 B R ARAB L4 FE Z AR FIIB A% 1% 32 AR I h TADF 43T A B8 2 6 75 4
M FE W JE 3K 0. 20% B, AQ (PhDPA ) /DiEA-SQ 1 i [ @ pper (24 80% ) % DMAC-DPS/TMePh-BDP {4 7
(£930%) = A AL (181 S8, WA S H#(H ), 3RIIK TDM 21K RE18 i 42 T TSFIK R B Dy, N T
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Table 1 Measured photophysical parameters of TSF doped PMMA films with varying FE doping concentration

Molecule FE(%) Tpp/ns s Pppen(%) 107k /5™ 107k /s 10 g /s™ Ry/nm Rim  107%, /s

DMAC-DPS 0 13.90 5.36 — 1.65 243 — — — —
0.20 9.64 4.04 30.65 0.32 3.96 0.44
0.40 6.90 3.58 50.36 0.73 345 0.65
0.60 5.08 2.32 63.45 1.25 3.45 3.15 2.09
0.80 4.15 2.14 70.14 1.69 3.00 2.41
1.00 3.52 2.06 74.68 2.12 2.88 2.58
D,=78.17%, D,;=60.26%, ®,,=17.91%
AQ(PhDPA), 0 4.83 77.89 — 10.80 0.27 — — — —
0.02 3.65 72.33 24.43 0.67 7.02 -0.02
0.05 2.35 68.04 51.35 2.19 5.76 -0.05
0.08 1.80 66.54 62.73 3.49 5.81 5.33 -0.07
0.13 1.02 61.56 78.88 7.73 4.67 -0.08
0.20 0.69 54.30 85.71 12.42 4.31 -0.06

®,=63.52%, D,,=30.50%, D, =33.02%
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crossing, rISC) I PR FIIR M1 S, A5 (B89, WAL RHFERE)™. ik, BR FRET i #&45, 8757 [& TADF
H5FEAT T, 82 DETYEH . %F DET S5 FRET IS Az F 54 &, ilid LN U4 T Wik TADF
HBEA [ DMAC-DPS 5 AQ(PhDPA ), [ ISC 343K (ky, s7) FNTISC R (kyo, s7)B, PETTHREH TSF i E
FRET 3% (kygrs 87) M by

1 ¢])I~'

= e (7)
e Top Do+ Dy
_ L Dy + Dy,

kr]SC_ TDF @PF (8>

K @y, 5 D (%) SRS 5 IERTCAL A MIE RT3 (D, %) M Tk [ R (S RIR(S2)
WA FHEE Y, B @ =0+ D,

WL 1 7R, DMAC-DPS (ky=1. 65%107 s7') Ht AQ(PhDPA ), (kyoc=1. 08X10° ™) [ heyoe (e — M EI 2%,
{H DMAC-DPS (ko =2. 43x10° ™) H A7 [ AQ (PhDPA) , (ki =2. 67x10" s™) B PR ke, 3X 75 AQ
(PhDPA), 1 7, B (2478 ps) LA SO &, Skt 5 8 (,,=33. 02%). ST TSF M 2h J1# 24,
FIH LA PG 3 TSF A B B 5 o™

1 1
e = T PF, 2% - Tpr,0 )
1 1
kogr s= —— = 7+kISCkrISC(TPF.x% - TPFv()) (10)

DF.x%  CDF.0

s oo Al 7y (ps) 43500 R R AB 2% FE 321K FB 2% 2% 32 1A 1 TR H TADF 43 19 SE 38 5 't 4
DMAC-DPS/TMePh-BDP 55 AQ (PhDPA ) /DIEA-SQ W1 Fyppyey S by B AR 1 S BT 4 (A) F(B) 7S . Fifi
H FEVREEYE N, PIZL TSF AR Y ke 392 BT FEATR FEVEE R (0. 20%) , AQ(PhDPA),/DiEA-
SQ IR ZR (kypr=1. 24%10° s7) B kg B8 DMAC-DPS/TMePh-BDP 14 2 (k=3 18x107 s ) $2 T} 1 1 40 f% .
X FERH R IR ) DIEA-SQ 3 FFEAHIUT I R T BEMS R AR 5

SR, 5 ke A [ J2 , AQ (PhDPA) /DIEA-SQ ¥ JBE I 2R 2 B o o PR ke (R 1) AH S, 7E
AQ(PhDPA ) /DiEA-SQ 7 JI5% H A5 21 (1) fey 3557 38 WS /N T 0. IXAR AT BRI HGEIUA X D iRy Al B, [R] B
IREIR R, 7E DIEA-SQ M BEAIR T 0. 20% B 45 F T, AQ(PhDPA),/DIiEA-SQ #ifEH JL-F- A & A= DET
I . SZHRIAY A, 7E TMePh-BDP ¥R J¥ 4 0. 20% 454 F , DMAC-DPS/TMePh-BDP {4 2 Fp 1 k. /X
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Fig. 4 Measured FRET(A) and DET(B) rate in DMAC-DPS/TMePh-BDP and AQ(PhDPA),/DiEA-SQ
doped PMMA films with varying FE doping concentration
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T 07 DCHC 9 TSF & & H1, AQ (PhDPA) /DiEA-SQ 1A & J, 3 @& 19 FE 2L F 78 T : DIEA-SQ [ &, 8%
TMePh-BDP 27} 13— i g, MV I R s R[F(S3), WA HER, F£ 1.

T AL/ 7 AR BRAT AR AR ) 2 BE AL A, R EIEIUE h 230 FEDUR T, A (1) 3R]
TSF MR RAGE (32 14, 45148, DMAC-DPS/TMePh-BDP & 2 1 R{E A T 2. 88~3. 96 nm Z [, T
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PP FEAH BAE FARRIE IE 2] DET i3 2 AR A J5 A

KU, Z R TDM Y3458 7 AQ (PhDPA ) /DIiEA-SQ 1A 2 Fh F B #5il DET B R AE FH L (H 78 A ()
PLQY 175kl DIEA-SQ ¥ B (3 I 8 25 N K. ik SR i A7 4E 5 FE 5244k B AH DG I L8 e s S st
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24 HEBTIRSTHIRIE
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Fig. 5 Comparison of non-radiative relaxation contribution(n) from DET between TADF donor and FE
acceptor, and from SA/NR/CQ processes of FE molecules in DMAC-DPS/TMePh-BDP(A) and
AQ(PhDPA),/DiEA-SQ(B) doped PMMA films with varying FE doping concentration
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Fig. 6 Schematic of photophysical processes in TSF films with low(A) and high(B) TDM of FE
At low TDM, FRET requires shorter R, enhancing non-radiative relaxation through DET. Conversely, higher TDM enable FRET
to occur at extended R, thereby reducing DET-mediated non-radiative relaxation while simultaneously increasing non-radiative

relaxation through SA/CQ processes.
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