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Figure 1
current-brightness (/-B) curves of devices (d)

(Color online) The structure diagram of devices (a), normalized PL and Abs spectrum (b), PL decay curves of four exciplex films (c) and
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(Color online) MEL curves of different devices at room temperature. MELs of devices A (a) and B (b) in the range of 300 mT; MELs of

device C in the range of 300 mT (c) and 100 mT (d); MELs of device D in the range of 300 mT (e) and 100 mT (f)
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A3 XF O 2 Ry Bl R 5 G W O g A 1 B) AT 2l R u-
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(IMELMZk, HFRI N SFIL R T10 75 SeaCmg 1 i
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Figure 3  (Color online) The mechanism diagram of the devices
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TEHBAEECT, A TS O TE R
R A EI R 1:3 0 B S AL T X (singlet
polaron pair, PP,)Hl = E &4 Ak X/ (triplet polaron pair,
PP,), RJGiE— AL E G R E ST
(singlet exciplex states, EX,)H1=HH & F (triplet ex-
ciplex states, EX;). ZJFEX, 5EX;H4) 7]l i FRET Al
DETH i 45 %K, B & IKRubrene ) B & S T
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iR R A Y, B S LR IS SRR
f#RE.
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RIB AN KO K= SRV R A RE B 1 2%
z U BpkCr, m-MTDATA:Bphen ¥ PLiE I
(560 nm)"*"' 5 Rubrene(562 nm) A HEAFHSE, RIFLEX, fE
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i, FEIRTCTA:PO-T2THIPLIEIE(7 (538 nm)™> % 7 (14
HHESEFRER S re 5. I, #HFCHRBERRL
K EREIBIRBFRET, DA SR, BEH
S1 R FIT | g B HARZE T 28D G5 N SFRITF i e &
H (F2(e)). 4N, m-MTDATA:BphenfJEX; A4 (2.2 eV)
B AR T T o FEZ2 (2.4 eV)!', T TCTA:PO-T2THIEX;
REZR(2.32 eV) 5T, HELL (2.4 eV)IEIT. TR, FR14C
TR BB IR DETHAM S, SFDhEI] DU A= ik
(DET. HH T DETESR, JE T, p i 45 HiZ, HL-
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134 CHPP, - PP WL AL i, FEMEL G B F 37
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H S ECHR B IRIKIBC R, 746, 2D TEA

HL-RISCiF R A UL LS T HT, ruy M1 o FO A
R, RIRCRMESR, WE1(d)FTR.
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RN RAE, MEERSERPR., L8 MTeRE
2338 53 P FRET FIDET 1 38 55 3K 5% i | 34 11 72 10
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I(E2(e)), EAFFELLTF 200 (1) #FFRR#EAMEL
TE(EZ9 R FDRY2/3; (2) AelFF L e (A Y B Rt A
WO R B, HAE KER T TR AR, XA
RO X A2 T LUE A BRI FRET, (HEM4Frp
FAAMCP:PO-T2THIEX;BEZ =5 T4/ D EARTCTA:
PO-T2THYRES, (HAFER R RS AR T KW
SRR E, SEDETH S, HL-RISCid Fedss!>'™.
AN, (ERET mCP:PO-T2TREN W LB oE b, M4k
PUHA B A E 2 S S R 2 B A By W 7171
FF LK B AR AR B WL R B N2 [l 15 45 1 F
T R R P B S ) L T

2.3 IRESH S EMELR) S

R T R R ORALE],  FRATIE RS T IR B XS
RubrenefB 2244 FMEL M ZE 952 MR, WNEISHITR, &40k
F, VU2 e MEL 22 RE TR i A8 A a3
— 200, BRI RIS = R MEL T B A 5. AIGRE
T AL A e R S B RR R b R I
ISCIb R i F T ((EI5(a)); #R1FCREMEE &AL T 56748,
FR T ISCad AR 22 AR T B HL-RISCad 2 (115
(b)); PHFDHIFIEZ LI HL-RISCA Ry 32,  FLIG B
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Figure 4 (Color online) MEL curves of devices E and F in different magnetic fields. MEL curves of device E in the range of 300 mT (a) and 100 mT
(b); MEL curves of device F in the range of 300 mT (c) and 100 mT (d)
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Figure 5  (Color online) The MEL curves of four devices with different temperatures at 100 pA. (a) Device E; (b) device C; (c) device D; (d) device F
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(Color online) The normalized EL of four devices at room temperature. (a) Device E; (b) device C; (c) device D; (d) device F
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Microscopic processes of Rubrene-doped devices with various
exciplexes as hosts
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Recently, exciplex-based organic light-emitting diodes (OLEDs) have become hot topics in organic optoelectronics in
terms of improving luminescent efficiency by controlling the energy transfer of excitons. This is because the formation of
an exciplex can result in a small energy level difference, AEgr between singlet and triplet exciplex states, and with the
assistance of external thermal energy, nonradiative triplet exciplex states can transform into radiative singlet ones through
the so-called reverse intersystem crossing (RISC) process. Moreover, this RISC process will enhance the luminescence of
OLEDs based on host—guest systems through energy transfer from exciplexes to dopants. The energy-transfer capability of
OLEDs will affect the number of polaron pairs and exciplexes in host-guest systems. Indeed, it is important to find an
effective probing technique for simply studying these microscopic processes. Many literature reports have demonstrated
that organic magneto-electroluminescence (MEL) traces could be used for exploring and understanding the formation of
and interactions between polaron pairs, excitons, and/or exciplexes. This is because MELs exhibit sensitive fingerprint
responses to intersystem crossing (ISC), high-level reverse intersystem crossing (HL-RISC), singlet exciton fission (SF),
and triplet exciton fusion (TF). In this study, four different OLEDs with various exciplex hosts have been fabricated, and
their MEL curves have been measured at different currents and temperatures. Four exciplexes with different triplet exciton
energies were used as host materials, and Rubrene was used as a fluorescent dopant. To study the exciton energy transfer
and luminescence mechanism in such doping systems, we fully analyzed the emission spectra of the host materials,
absorption spectrum of the guest material, and triplet exciton energy of the host and guest materials. The experimental
results show that when the combined energy of the exciplex’s triplet excitons (EX;) is lower than that of the second-order
triplet excitons (T g,p) of the Rubrene dopant, the MEL curve is dominated by the B-mediated ISC from host polaron pairs
(PP,—PP;). Otherwise, the MEL curves are composed of both low-field and high-field components. The low-field
components of MEL are governed by the B-mediated HL-RISC (T, gy—S; ry) process of the Rubrene molecules, while
the high-field components of MEL are the result of the TF process between the triplet excitons of Rubrene (T gyt T rup—
S| rubtSorub) at high current densities or by the SF process of singlet excitons (S; rypytSorub—T1 rRubT T 1 rup) at low current
densities. In addition, these microprocesses will be markedly affected by the operational temperature and bias-current of
the devices, because the Rubrene triplet excitons have long lifetimes (T g, and T,g,,) at low temperatures, and large
quantities of Rubrene excitons are produced at high current densities. Moreover, the energy level difference between the
single and triplet excitons of the host and guest will regulate the energy transfer from the former to the latter, i.e., the
combined energy from the singlet excitons of the host being higher than that of the guest is the requirement of efficient
Forster energy transfer where the smaller is the triplet exciton energy difference between the host and guest, the stronger is
the Dexter energy transfer. Consequently, the energy-transfer mechanism will affect the utilization rate of the triplet
excitons by adjusting the quantity and longevity of the singlet or triplet excitons on the Rubrene molecules, which
ultimately affects the luminous intensity of the device. This work is helpful for further understanding the microscopic
mechanisms of Rubrene-based devices and provides a theoretical reference for enhancing their luminescent efficiencies.

Rubrene, magneto-electroluminescence, exciplex, energy transfer, high-level reverse intersystem crossing
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