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K E R R34 (S 11874305) SEMOGHL T F X AL IR (/'S : IOSKL2017KF19) AT K T 5Z R H R
Rt (AES: KIQN201800510) # B H

WE HTHARLRFERERAFHTHRAELE, KXHET — K7 rubrene 5§ 3TPYMB 3B H
AL, N E T A E R H 3R & A B E o S fm e B 4 1F T B 6 BRI A ot LU B9 B
WL, I K I, S FAm R, RS F LB A LB (magneto-photoluminescence, MPL) 7 1~
Blim & T# K W KA KB M (magneto-photocurrent, MPC) U H# T & & ) # T 8y
K M KA, B MPC & %805 5 (K37 %05 b6 iR B 7 B W R (AL, BB, 28 40 o R R 45 K B
HEMERLT, 2REGE TN MPCEERINT EAET. 2 MERKHA, B4FER W AHLEX
HIRER S EAWMT 4R (singlet fission, STT) HA&Z T £HY, Wk “M” & MPC W K7 L7 #H o=
3TPYMB 7 F F H A F % [8] 89 % [6] & #i (intersystem crossing, ISC) X W EH, &3 T &34 N £
B =—EABTF - BAE K (triplet-charge annihilation, TQA) £ 15| #£, MPC 1&8E 8 IF 1 46 & 5 4b
Aol A K. AR TR AT RN R B ST B LS e AL S, B A2 —
FHRULRFERZ R RET 54

KHRIE LI, RBCROLBERR, LA N, BESHTRE, AT - &aEX

1 351§

1965 4F Singh 2 [ ¥ VR A E AU 7248 (singlet fission, STT) i FE, ‘&8GR 7= A 1 —
MRESET S BREEN —PERBAMIEAT RSN N0 TF So, MESRNHAMCRERM =&
BT Ty, Hah 2l fE T LA R A 26

Sl + SO = 1(TT)i = T1 + Tl, (1)
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Forp Y(TT); ZAEWA Ty ST AH LRSS TP BRA BB SRHER T AR, n FRAR A i A
Ty AT ATRRES R BT A1 7 AT U SR B4 A LR BH REDG AR A5 AR IO B 7 300, RItiiX —
ARG TANG T ST T 2 %R, BT R R S DM TREE E(S)) AT T,
BWETREE LM 2E(Ty), B E(S1) =~ 2E(Ty). Tk, W78 15 2 Fa M R WS 2] 7 BB
ZAR I RE, Hoh G R AR M R AR R 2T R PR AR ARG Sy BT RERN 2.23 eV, T)
Brhes 1.14 eV, AL T HIRERR, Wor1 (8 R R AR PRI 7 28 72 B9 jEAk, STT it
TR = EHEWT R4 (triplet fusion, TTA) I, Y5 CHRIRIE, XIIISL rubrene 431Kt JE R
W R R T TR AR, WM BUR RS, iR TTA IR, A ZEE AT 710,11,
[, rubrene 73 Sy AWM T BA AR ST F (>98%), HI S1 AT 1A Ty W1 5 (8] Bk
(inter system crossing, ISC) AEF M (<1%), tH AT ZBEA T 27,

SCHR OO BE T rubrene YR EUR G 1 P SOV A — L8R IE, 40: Chen %5 ) 7E rubrene 5
Alqs (tris-(8-hydroxyquinolinato) aluminum) VR P HEEUEH MM E] 7 rubrene 4>F[A][1) STT
I FE; Zhou % 121 #4855 T BCP (Bathocuproine), TPBi (1,3,5-Tris(1-phenyl-1H-benzimidazol-2-y1) ben-
zene), NPB (N,N’-di(naphthalene-1-y1)-N,N’-diphenyl-benzidine) 5 rubrene i 5 iR FE X ik K
FBRA A LRI, IESE T rubrene 20 F A1) STT IR TR ZER A, R4 Lei & 181 R THT
rubrene #eF R NG N T BT 400 R0 8 (8] A AH L35 4+, {HX £ T rubrene #8FH % HLIR
ORI AR BIBE T B> B, A REROCBUROE S IR E ARG S AT I AT, 3R 70 1 AR ol i
T, WA BT — BRI S A B F e RE. DRI, XGHRTR rubrene HRASAE AT OO IS R i3
TR TR AR L B,

Hr, AU G (organic magnetic field effects, OMFEs) 18— FhAE Rz fid H IG5 1 R R
WEEA, T2 FTA PG BT 2o #2 1 7T L4~101 il 1(a) Bos, AVDGHR 78+ 1SC i
FE.STT i fE . ZHEBT — HAME K (triplet-charge annihilation, TQA) i F2 (B HE M B AT P AN
F2) HAT AL RFAE A ARt 2 B7~20 . BT b AR S DLRERAOR N B, 4 T 45149759 1TO/3TPYMB:
a%rubrene (150 nm)/Al (120 nm) HIFLRAHT, HTT 7 AE 325 nm FOGIRS T A R AN S 5.0
HeFUR LR (magneto-photoluminescence, MPL) 5 HAIHARN. (magneto-photocurrent, MPC)
FISZmR. AR BEAE RGN, 28 rubrene #5fFH#) MPL, MPC, BLAILIR &FH) MPL 9% %
Ja EFHIZE cwr BB 2R i AR STT AR 5. MR MPC RIH % EFHE TR
PSS «M? 2BY. 45696 rubrene #8047, MPC 1% L FF58 & B rubrene 43-FA] STT &5
3TPYMB H AL F-%E ) ISC i FESLRIVE R A s, s B BEER - M2 B TQA T2 10 H., BEA& R
REEAIR, ALK I AR 1o 32 B8N AT AN (R R AR AR B, AR SGERIE AL T Heit MPC ISR, AN [ 178 8
JE B VN BRI A A A PRI T 2R A A AR AR Ak, AT BUAN [R] (175 00 T MIPC gL A IE B e
AZ . IR AL TG FLIR BT BRI FT, IR 7RS4 BT SN RGR, B B AR T ORI
VTN U i 2 Ve o162 S S B e S I e SR R NS A VA S

2 HHHIESNE

ARSI RGBS ESAIN S TR T, H/E T 1TO/tris-[3-(3-pyridyl)mesityl]borame
(3TPYMB): 2% 5,6,11,12-tetraphenylnaphthacene(rubrene) (150 nm)/Al(120 nm) A HLGHE#AF, Hd o
FoNBEET rubrene 7 T E H b, AREZGE © = 30%, 50%, 70%, 100%; 24 = A 30%, 50%,
70% B ARAILIR S, © N 100% B tAREE rubrene 2544, 4, rubrene 1 3STPYMB H43F 45 #4410
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Bl 1 (MEMFE) (a) ISC, STT M TQA MU IZAESMNIEIT T RYHSERLZ; (b) 3STPYMB # rubrene 4
FLHIE; (c) 3TPYMB: xz%rubrene sRFHIBEREHE (K Ep RNAKBESHFEEE, Fox REA
£ HOMO 5%{f LUMO ARKBEEEBSER); (d) ZIRTE—% PL & (BF#KE = 25314 30%, 50%,
70%) 5 rubrene BY PL . IRUCEE

Figure 1 (Color online) (a) Schematic magnetic field effects feature curves for ISC, STT and TQA. (b) The chemical
structures of 3TPYMB and rubrene molecules; (c) the energy diagram of the 3TPYMB: z%rubrene devices (where Ep
represents the single state exciton energy of the donor, Eex stands for charge transfer energy consisting of the donor HOMO
and the receptor LUMO); (d) the normalized PL spectra of the devices (z = 30%, 50%, 70%), the normalized PL and
absorption spectra of rubrene film at room temperature

Bl 1(b) fis, ASEIG 45 B2 B 1(c) B, Horf, B4R E# ITO (indium tin oxide)
PERAMG, AL FEBARK, S iE NSRRI ZFIET 2R R A5 1TO FIARI IR F fE DT A HLZ 2 11,
T 253 T KM BEESTE L (Decon 90, IKFE 4%) KIRHEFS (KHHERE 60°C, FHK 10 min) 2%, K5
FAPIER . TooK ZEEBEAT IR K AL BR . FREE ) TTO A NEA (<106 Pa) o, A HL Sl Id 3
ARV AIINREE, FAEBEA LT PR E Al . BB RHIERRE b, MR A K R
DL 5 52 B Aar i 40K . INFICON 2 =) [ JE A DAY (XTM/2) #EAT IR ArAS I, il 25 F 240 () R Ot Tl

FAN 2 mmx2 mm.

W R G (0 B3 TR B 7% IR 1B e 7E B R A E R 40 (Janis: CCS-3505S, ##3EH 10~325 K)
(¥ b %74 Sk AE BBk (Lakeshore: EM 647) WIREN 2 18], #F 54T 47 T-HESH J7 14, WL
K/ R L B R FE YRS B, SRR T 1 T, 8RN FL IR S5 i PT E Keithley 2400
BEAT A, I H TSR I 28 1 A i A R . L. B BURE RIS R KN 325 nm, JEEUE R
FEH Keithley 2000 JEA7 328U . £ FH B BCK K 562 nm BIE IR OGIE H, AETE S 300 mT 1
T 3736 L P B D 284 6 B8R RSO FL IR B R 2+ &M s s PRV R 37 R84
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B 2 (MERFEE) TRFEAEIMMFBREMNBEEETHS MPL 5 MPC
Figure 2 (Color online) The temperature-dependent MPL and MPC curves of 3TPYMB: z%rubrene devices (z= 70%,
100%) at zero bias voltage. (a) The MPL curves of 3TPYMB: 70%rubrene device; (b) the MPL curves of pure rubrene
device; (c) the MPC curves of 3TPYMB: 70%rubrene device; (d) the MPC curves of pure rubrene device

3 HR5VHE

3.1 JEABANAERNES SR

3TPYMB: x%rubrene #{H1H—HIEEUEH (photo-luminescence, PL) 15 EA K rubrene HJJH—14k
W (absorption, Abs.), @ 1(d) Frzx. MEIFFATEAE H, rubrene FIRIE Roxth 1 4 ANIEAL, 73
WA 436, 465, 496, 531 nm. [FN, T 3CHR [22] #IER 3TPYMB [#) PL BEUEALZ1A 407 nm, K]
PLEIWT 224K (3TPYMB) [ PL 3 5 H 745K (rubrene) HIMIIE REAS B I E S, S5 3TPYMB
A rubrene 7> [ Gef K A e L FE ISR, BEAh, B 1(d) FIEPTLUE H, BT 3TPYMB: 2%rubrene
B PL EH TR B ANEAL, BIIEAI 29N 562 nm (AT 605 nm )8 U§, 1X 5 3CHk [3,4] $Rid
H] rubrene WA EWEN FEA—F. i8] 3TPYMB: z%rubrene #8ffH REL54K rubrene K6, 524K
3TPYMB AR, RN, iZ458 Witk—FHiE T 3TPYMB M rubrene 7 7 AITfSE KA T w2 RE &

3.2 BEX MPL, MPC B9800 RZIZL S HT

3TPYMB: 70%rubrene #3£FF14l rubrene #8141 MPL 7E 4025 s i 35 B 25 44 1) 1 28 43 531 4
K 2(a) A1 (b) fizs, HA MPL = [PL(B) — PL(0)]/PL(0) x 100%, M PL(B), PL(0) &% ANk
Wi PL SRBE, 378 PL HHAMINREI SR RARX A4k, A IX PR B n] DU, PSS ARAEAE TR T
H#EA ALY MPL 28! H MPL ER [FRRFE T~ BA A F s, B RV EE N (1B <
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Free charge

3TPYMB Ground state rubrene

B 3 (MEHRFEE) LMELZEZHET 3TPYMB: z%rubrene s HFHAERMAAEH N IEE

Figure 3 (Color online) The evolutionary mechanism diagram for excited states in 3TPYMB: z%rubrene devices under
the condition of photo-excitation

27 mT), MPL {H B85 SN 58 nmijg ), 8K TEE A (27 mT < |B| < 300 mT), MPL {4
Bt ARG S 0BG Tn i 3G 0, b AR A S SOk (2, 23] HIER STT ERERE M MPL AH—3; tt4h,
Pl H MPL #£ B = 300 mT A (1)l E A5 552 B FRAR T 98 /)y, R B STT I 42 B B dist 11 9 55, bt
A SR [12) HRIE — 3%, AR 7R NG A R LR i 2 AR AL, (X R STT i F2 e 2 Y
PRI W 28 51&] 2(a) A1 (b) AHXS RLESAFRER EZAZAG T MPC 705l an &l 2(c) F1 (d) s, e
MPC = [PC(B) — PC(0)]/PC(0) x 100%, PC(B), PC(0) &4 TAMInfEZ I i HLIR, 26706 FL 1 4
Ik 51k AT AR, MOX IR E AT LR ) 3TPYMB: 70%rubrene X B[ MPC (B 2(c))
EAFNRE T2 S5 E 2(a) 1 MPL IR AR AL, RSCFRZ A “M” BY; SR, 4l rubrene
X RLE) MPC (B 2(d)) fEARIRE N2 W B iRl STT dfEske. i«
kit, 54k rubrene #RFMIZE “W” B MPC AHEL, X FHE AR R R IR N L0 284 (RP
3TPYMB: 70%rubrene #5f) 1 HILH MPC &M [ IS (RIHHZRE W LAEAR 2R “M ) 78
SCHRH IR R WARTE. FRATTHGAE LR N PEGH 2 i Fol 2 28 LR 30 7% 11 i A

3TPYMB: z%rubrene FLIREAFAE IR 26 4F T 1 AFBOR S AL B B 3 B, AU
IR A FIRER LN 3.82 eV (XMW KN 325 nm), iZfeRE & T 41k 3STPYMB A4
rubrene FLEAM T HIAER. K, XTASCHI R IR S (K 3), EHOCHKTERT, 2 H 6B
AR 3STPYMB H R EABT (singlet exciton, Sy 31) FZA rubrene AW T (S1 pup). FIFT,
tHT 3TPYMB H rubrene 73 ¥ [AfEEA U Ge LR (W 3.1 NTEIHT), S1ar BT LUE
it Forster HARAEEFLFLITHFE (Forster resonance energy transfer, FRET) JEH S pub ¥F. #5755 S1rub
TS mAMEE T R RIS B, A, BT rubrene MENH 2 E(S;) ~ 2E(T), # rubrene
AR AR Y S1,rub WY RkRAE STT HREAERF N =ESMT (triplet exciton, Tq rub) (2~4,23] {[].
Strub + So = T1vub + T1vup. TEHIET (BLFE S1a7, Strun A Torup) CEMFESEKE EH R HL AT T S
STE AR IR AL FXF (polaron-pair, PP) (3% PPy a1, PPy rup M PP3 ). SASRE W FFTR.

YT AN AR SZAR ST, WWOEF 5, 1 M A P (the highest occupied molecular orbital,
HOMO) BT R A A H1IE (the lowest unoccupied molecular orbital, LUMO) JERGE . HIE 1(c)
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AR FRAER ITO FHARZIERECN 4.8 eV, Al FIRIIERECH 4.2 eV, rubrene ] HOMO 5 LUMO HEZk
43HIN 5.4 F1 3.2 eV 181 3TPYMB K HOMO 5 LUMO RE4%43 510 6.8 F1 3.6 eV 221; 25 rubrene 1
3TPYMB [#) HOMO ReZt'5 1TO FHARIAIRI #2250 5104 0.6 #1 2.0 eV, EATH LUMO Redis Al Itk
[ 225 31 1.0 F1 0.6 eV. IXEERELLH5 22 AEAENS S BUM T BB ARAL TE A LI PP 3, TR
BER E H LT, PR ARG HLIAR (photo-current, PC). BEAMNIESCHR [24] 18, HAK R ERETRER Ep K
THAHEBEES (H4EE HOMO 554k LUMO ) MEERE Eo, FITE# SR E HBR. HE 1(c)
ALK, 254K rubrene HERIT Ep N 2.23 eV, TSR Eo N 1.8 eV, Ep > Eo, i /2 L1
RS %A, TR R R R, 2P K PC.
BEAb, # STk [2,23,25,26] k18, YeIUR AR AF B ARG AT U BL R A R R

Fpr, 6Iexck/’S/(kS + kﬁss); (2)

Hor o RARFFE IR R REL, Loxe RIEBOCIITNRERE, ks 28 S1 DBF KOCHEE, kass 218
ST R, ks AN AR R, Sy — e E 12 i R R S R a1 [
(1) —Fh B AR BAEH, 232 2IAMINwEIZ 520, I 51 76U JCR-ERN. FF28d R (1)
FoR, MR R ke 5 YTT); BERMIEL, MRS &M Y(TT); $0H 22728 T, T
E e HE RIS, 72 9 A (TT); &, A 3 4 (TT); BABEEEE, I S, + S TSR ISR
NER A28 AN, BT 222U, Y(TT), B H M2, &4 94 (TT); B HRA
U AL, BRI ORI, EEER LG, & A 2 4 (TT); B SIS, 4NN 1EH
N, N(TT); #H BRI RS Z 5, W kae 62 KJGRVN. B, STT R kE MPL BE4HN
W37 B K S 00 5 N S BT AR S, BN ILE 2(a) A1 (b) TRRHIZE “W» RUZRRL b4k,
T STT AW HGTFRE 212 S8 FKE T STT AR, RIN MPL & FE IR B 8/0.

NT B SR B E A RIREE N MPC BEIRE AL % R, A S0K 30%, 50%, 70%
BANRERIZE MPC 2IFER] 4 1, FHXT ST 7 &0, [FIRE, 7 58 G o FC s 1) A8
b, ST R IEAT T & M- FR. ME 4(a)~(c) TRTLUEH, ANFERWE T MPC 3 i #5541
B, B RN TG N, MPC R SNIng 37 () 35 i PRad g m, s RR 2 RIS RN (low field
effect, LFE); TEBC KRG PN, MPC B 25 7N InRG3% 38 iy P s 18 i/, MR RR 2 h s ik
R (high field effect, HFE). J¥ 1 BN E & A4k 70 A1 & O F2 BE AR P AR BE AR Ak, AR50 L MPCrrg
= MPC|27 1 — MPClg 1, MPChrg = MPC|a7 mr — MPCl300 mr. FEXTE 4(a)~(c) H MPC X} R[]
LFE {E/ HFE {H#T 7R, FREMELETE T 4(d) . B 4(d) Tl LU, TR 2,
[F—IRBANIKRE T, BEE IR FIBER, MPCurp 64 R FREHIFF(SHE S, MPCLrg Jo3l KGN, JoH
T BEERMHE, T RNEBANRE (v = 30%), #EFE N 250 K B, MPCrrg {HiX 2] KE. FH, |
NS K E] 50% F1 70% B, W54 AIBE A 200 A1 150 K B, MPCrpg HA BEEEIHOK.

HFE AR 0E H T LU TQA fEH SRR BT TQA RMNAFIEMF I LEE P (1) BT 5
T BUREIE, 74 MPC; (i) X5 T B siiE, r=AEn MPC. Bl JATHENA S )it
3TPYMB: 2%rubrene #fF MPC [] HFE /& TQA fEE/EH 51N, #—L 5 #rml %, 3STPYMB 1k}
e TAERIMRL, AR T BT, R AT R Al I PC, Bl FITB R ER M2
NG THFREMEER, RMNAFENT +h = e+h+h {837 T HTFMHEE, f PC K. Tsn
WEIZAMHIX A RE, PC /D, SRR FREM G MPC; AN, TQA MR T 52 H i sty S Lk FE i
H12, 223 T WK R O T Sk, 85 K4E TQA B, P4 IE MPC; T 1
WA, B 5 KA TQA fE, P24 MPC. 5K 2(c) 1 (d) Frfeings R —8, RSB T #r
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4 (MEEMFE) HEF[EEIMERENTERETH MPC (FIZEIT T EZHHFH)
Figure 4 (Color online) The temperature-dependent MPC curves of blending devices with different concentration at zero
bias voltage all of curves is appropriately shifted for clarify. (a) 3TPYMB: 70%rubrene device; (b) 3TPYMB: 50%rubrene
device; (c) 3TPYMB: 30%rubrene device; (d) high/low-field effects of MPC curves varying with temperature in devices
with different blending concentrations

WAL T4l rubrene #844, AI# N7 MPC, J5# NIE MPC, #F—JiEsL T TQA RN FEIAFE. [FH
B35 B 2= e ) E FL A R IR RS 2R MR AR, IERE 2RI/, TQA RIS, S8 T Wl 4(d) Fiw
() MPCrpg 2R BEHR B AR IR AR A0 A

Ak, B 4 FRTRIG LFE 5 1SC R FEMRFAE 28— 2 07181 lF rubrene H1{) ISC i FEAR H
KA, BB 4(a)~(c) ' LFE AABLH Y 1SC I FEEERE T 3TPYMB 4T AL X5 1 ok, B
PPy 37 — PPy sr (W& 3 Fin). MWE 4(d) ol LAE H, X TAE—ILIRIR BE 28401 5, Bl B2 PRI,
P MPCrpp HESZ 2IUH eI KN AR AR 3. MR, R —EET, #4110
MPCprg A& HI— M KE, B STPYMB 75 FH 1 1SC I R ik, X FPaE s AR AL R H 3 32
R T W R RS EER SR, BARKYE, PL3TPYMB: 30%rubrene JEVR A4 A, TEE/NEH
FIRFIRIEFE S (300~250 K), 241K 5 524k [H] FRET REEE B IIMGEIER 5 1S, S84k 3STPYMB 4
T PPy s BEEMZ, I PPy 31 B PP s &RIFALI R, RN 3TPYMB 431 H 1) ISC i #2
T — 7 Tk R PN 2 I 5 1 e K T 39 5 7 SRR Y Rl ) PR AR (25020 K), #AFE 70 PP 31 &
HIBNIRMERT PP3 gr AW Al oR BRI 2, PPy g1 B PPs e SRS, £y 3TPYMB
T ISC I AR AE IR B VGl P 2> BE IR RS () PR I 9859, thab, (A8 R M2, ARSLRIKR S
FE) MPCrpp S KERTEA R T HILH, FHRIKREE N 30%, 50% F1 70% B, MPCrpg i AAEXT
N (PR 330 250, 200 A1 150 K. 1% A BT IEVR I RO, 284FH rubrene 4317 (1) (8] FE RN, 1
3TPYMB 4 F [ [ [A] FEE K, I FEERAE T PPs gy SR E D B G ER. EXFEAT, &
EERAEE A B K PP3 gy SMIF A, MRILHREX 1SC M#M#I/EH, Wi S8 m ik IR & 251
MPCprp 1A 2 B AR (1 BRI
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5 (MERFE) ZBFRSMIRERERT 3STPYMB: 70%rubrene 2148 MPL 1 MPC

Figure 5 (Color online) The current/voltage-dependent MPL and MPC curves of 3TPYMB: 70%rubrene device at room
temperature. (a) The MPL curves under the conditions of negative bias currents; (b) the MPL curves under the conditions
of positive bias currents; (c) quantitative curve of MPL|300 mT values with bias voltage; (d) the MPC curves under the
conditions of negative bias currents; (e) the MPC curves under the conditions of positive bias current; (f) quantitative
curves of MPC|3p0 mT values with bias voltage

3.3 SMNREXT MPL 5 MPC HISME K IR 4R

N7k BIRE SN IR X MPL 5 MPC (520, Wl& 7 3TPYMB: 2%rubrene #5ff MPL 5
MPC BE&MIn 2400 &R, SIRER — SRR, B 5 4 3STPYMB: 70%rubrene #{7E
Ei (300 K) i) MPL Fl MPC Bl #Minf s ARG &R A 1500 R i MPL @il 5(a) A1 (b) Air
N NIXPIEE R DUE Y, SRS AR A STT JfEvuE ik “w» 2 MPL. ith4h, Xf B
= 300 mT 4 MPL @ (MPL|300 wr) BEMWEMARAIETEMN, WE 5(c) Fras. WEFITLLEH, A
[Flfl T, MPL|300 mt ~ 12.5%, i B3 SN H X 28 2R R S R 6 1 S,

5K 5(a) 1 (b) AHXRHIBE AR MPC 4340 5(d) 1 (e) Frzx. ME 5(d) ATELE H, 4b
T B R 6 IR PC OB, MPC 62 25 “M” B PC Hilli K, MPC|s0 mr TR/, FR 45
Bl 2(c) Frm 0w kR EEE — S48 HAEA SMIMREE LT MPClse wr TEEEK; B 5(e) £
BN 42 6 L PC R IERT, MPC ZBR1BEE PC EIHE K 2R W B2 «M” B MR
JEAKT 0.275 V (PC KT 0.1 pA) B, MPC RILANE “W” L8, PC EHBEK, MPC|300 mr TRAEH/D;
LT 0.275 V (PC T 0.1 pA) B, MPC RN «M? LAY, #2351k PC, MPC|300 mr 18
EIEHEAR L. ] MPC 7E B = 300 mT [WIE{E, 45 FTnEE, 261 7B 5(f) Efbil, MK
BAEH, MPCl300 mr BEAMINR 2B 402 JEE S

PRI SCHR [29] I, SMINIE R R BN, BT 34 2 AR T B NI R, e A7 DGR 18
FRZE, B4 SO L) 5 22 T IR R — 250 B AN B 212 2t 8 g s (131 [ i e A BOre
W%, PC IR, FECT SN0 IR (A ER K, MPC EARXS /N 25 . g — 2038 KA ik R B, %
WORFAHEIE NP AL SLRVE . 4 SCER [8,30] #l, HENTERE T I LLEIN S1:T=1:3, Ykt
LR X EESMNIE R, S W5 Ty WrEeh <, f£—EmEIEE N, DOSBURAE, S; b
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F 5, STT EREZHZH AR, FHEE W B MPC. SN H A2 3 ff 5, Foinf & 80K, PC
K, NI MPC B8N, BEZE SN Bt — DI, BEE— R, ENERN T, T Eoe 2
T Sy W SRENER Sy W B M, Ty B 5 S, AlEHEAS T BRI TQA /I
i, FECT I M B MPC. AR SCERIRIE, TQA TERISRFEE S B A T Wik A % 2, H
BT PSR A 5 P AR ) B B A PR, e 4R SR A g R B R T IR EER T 2, R TQA
SEMEVRRES, = i s 25— M AME J5 , MPC BB A2 4k 8 K.

4 Z5p

AICFE T 2T rubrene AL AR AFE TR IG BE, DUAAMINE R EE SRS
HLIR A RRSE. SRR A I, 22 R 1B Ol N FHIR #5241 rubrene #84FH — 21028 “W” B MPL, B 12
W3 4% rubrene 437 (8] STT FEMILE R, HT1Z STT AT EW A, S8 MPL i H ki FE FFK
MR/, AR, RER AR AN IN R D 220 MPC #1220 HAH I 78k 34 RIZESE rubrene 2%
fErp 28 «Wr B MPC 2 2ZREA RPN STT i f251 2 1; /IR, MIEZE “M” B MPC. #%
“M” B MPC HITERALEIN: A5 5 800 KR 3TPYMB K T M4E rubrene 7> T IAIEE, 1859 T
STT i #2, FIRf 3STPYMB 7 T4k X 2 [I474E 1SC i fe, —FH HLFEEHSE T LFE M LT BT
B R AN () B AR SR, (R TQA MIRA:, JERL T HFE 1 FFE; LFE 5 HFE A 1500
ML S 80T A i 2 A A [ R B AR . AN 52 a7 4% 3 5 800 MPL AN B s F A2 4k, (R
I S R 2 e R 2k S, 5 Ty IEREI, £ STT 5 TQA i FEMH B354 S5 MPC TRAE AR, 1t
b, 1 BT S S A (N 25 S AR DR 2 (R B A 2 AR D R, DRI S AR AR G s R T —
TS, IXERIL, AU TN 2 A BRI A T RN, 5% I R P 1 5k
bRBIFHA T —E e SEM.
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Investigation of magneto-photoluminescence and
magneto-photocurrent in rubrene-based blending devices

Ying WANG!, Xiantong TANG!, Caihong MA!, Shengnan YE!, Xi ZHAO!,
Honggiang ZHU?" & Zuhong XIONG!"
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2. College of Physics and FElectronic Engineering, Chongging Normal University, Chongqing 401331, China
* Corresponding author. E-mail: 20132013@cqnu.edu.cn, zhxiong@swu.edu.cn

Abstract In order to investigate the microscopic evolution process of different types of excitons in rubrene
blending systems, this study fabricated a series of organic optoelectronic devices consisting of 5,6,11,12-
tetraphenylnaphthacene (rubrene) blended with Tris(2,4,6-triMethyl-3-(pyridin-3-yl)phenyl)borane (3TPYMB).
It then systematically measured the photoluminescence and photocurrent magnetic field responses of the devices
with different blending proportions at different temperatures and applied voltages. The study found that the
temperature-dependent magneto-photoluminescence (MPL) curves of the blending devices presented a W-like
line-shape under zero bias voltage, while the magneto-photocurrent (MPC) curves showed an unreported M-like
line-shape. The temperature dependences of high field effect and low field effect for the MPC curves demonstrated
different evolution regulations. At the same time, the amplitudes of MPC curves changed from positive to nega-
tive signs with positive bias current. By analyzing these interesting variations in the curve line-shapes, we found
that the W-like line-shape curves are caused by a magnetic-field-mediated singlet fission (STT) process. The rise
in the MPC curve at low magnetic field can be attributed to the effect of the intersystem crossing (ISC) process,
and the fall in the MPC curve at high magnetic field is caused by the triplet-charge annihilation (TQA) process.
The positive to negative change in MPC amplitude is related to the intensity of electric injection carriers. This
work not only contributes to the understanding of the microscopic mechanism of photoluminescence and pho-
tocurrent in organic optoelectronic devices, it can also serve as a reference for further optimizing the performance
of rubrene-based optoelectronic diodes in the future.

Keywords rubrene, magneto-photoluminescence, magneto-photocurrent, singlet fission, triplet-charge annihi-

lation
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