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AR S 6 ) FH XU A6 78 & 7 ok B T 24 AR FEPE 9 Rubrene 43 DA A A9 HL IR A 21 55 41 4 FlOR R
AHU R, BT B 2,9 - - 4,7 SR 1,10 JEZ MR GESCAFR N : 2, 9-dimethyl-4, 7-diphen-
yl-1,10-Phenanthroline, f&j#k BCP); 1,3,5 —= (1 —# 3~ 1H 4 IF kM- 2 —F) JE (P LK/ RN 1,3,5-
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BT RN RS, X LG 4 S0 2k, AT UL 3 RO () 0 B RDB R AR AE B — B0, A R E] Y
Z5R/N. B 2 AEE R T Rubrene 430 F MHAl 4 F ] FE 20 7 19 HOMO Chighest occupied molecular or-
bit) BEH S5 LUMO (lowest unoccupied molecular orbit) RE YA & . HIE 2 B3 E 7 W, Rubrene 43 1Y
LUMO-HOMO BEZR 1 BE fe /Iy o HAS B 52 38038 A0 i 9 & O ARk, T oAty 4 ) B 4 Rk 388 5 9 ke 4 oy &
SR A AR i R AR B ROCRCRNAR. Bt IR A R A2 FOR IR T H 1 B Rubrene 43+, &
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mE 2 7T U, =T Rubrene 431 & G IWIE(EZI7E 563 nm &b, 78 FLS-920 %&b, il H 5 e 4%
PP KN 563 nm YR IGIEH . FE 0~200 ns B3 Bl P I 3 T 2% O i B 1) I A S el A R, 00 A 2 R LK 3.
LU (AR il 14 6 e i it 26T LA A6 3 D FR NI T 4R 29 20 ns BB (RS I PY . BCP: Rubrene # fY
RICHEWH BE e, 1 mCP: Rubrene #F i (9 %0 w8 ol BE 5518, RUIFTE i 2B R BT /5
H.OMAERZ) 60 ns ZJ5 » A FE i 1Y A6 5 Ul 2 2R W) S A8 12 32 A R R AR TP Y S, AR B A
ST AR AR R B B SR T R A K A T B, X T, BB T A AR =
[ B, 38 i i R A S B AW = AT S, AP, M AR RO, BE ARG R T, BT A
AR s WA 40 O B S e B 2 1. KT 3 YA TR R s T A A Y i 7 bR R, B IRF (instrumental
response function) M1k, % M £k 1945 5 200 0. 63 ns, /N TFIRA MBS, BT 19 F 15 Fdar, FEM
S ASCHS 0 B[] 43 B8 X6 £ 5 AT S )
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S M 25 T A O IR A &2 AT T I8 AR AR E e, SR r I BOE 5 a
SR AR F A B
*1 SHEXARBHENBASH

&) & 4 7 k5 /ns! ky/ns ! k_1/ns”! ki/ns ! kr/ns !
BCP 0.243 0.028 0.065 0.012 0.012
TPBi 0. 205 0.032 0. 060 0.014 0.012
NPB 0.184 0. 045 0. 055 0.015 0.012
mCP 0. 105 0.050 0.052 0.015 0.012
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FIH 22 (2) By % A2 5 AT 6 5230 D0 A5 1) & e il th AT LG s 15 B AR 1 B v i i S 1 45 A4 1%
A MHA ko, TS I B A9 S0 N3 1 F778 . 75 BCP: Rubrene K1 £, BB, TPBi: Rubrene K i
Yk Z ., NPB: Rubrene £ & PR Z ., £ mCP: Rubrene FEf P £, 2.

WP 1) 7R XS SO, S 55U 2 A4 F AR B A E.AZH HOMO B4 I 2 4 i
ARSI 28 78, i 3 28 XS SE I FRE L AE 2 Do TR 3 BC . 448+ B W HOMO BEZR B 73Uk
3 LUMO BB, Ml 2 DTl SISy DA N(T T, RSB E S 2 M TS
TR SRR T AR . WOM T 28 AR F R T 2 D0y 738 23 Xy s A8, T AN 181 1(b) s 7
XL R BRI rh 437 A M B AHE S H: 2 A B IEM e iy L+, Hoh 437 B I HOMO B¢ 1 iy HL 78
FEWOR R F A LUMO BB I, R Zfdi 2 N0 F i SiSe BEAE (T T DA, WA TR R 25
2N TN T R AR A SRR, HOM T 2B MR E RO T 2 A T T IR, W
TR, fER BRI, S BN HOMO BER E o F AR B R4+ A 1Y HOMO fE4 .
M5 PO 240 1 AR LUMO BB B PR3 25 f v 4ip B RS AR 11 2 A AR g BR A 25 4 = O X T B3
RS B T, &5rF, HHOMO e A e 20X, 1 LUMO gk | HfEfA oL T @ 7 EBkER )
4y F R HOMO g b, 1B 7 L EEBRER 2] 43 F 59 LUMO BEZR L. A SZ96 T 3 FH G 4 B e s A1 RE X 25 7l
HL 43 A AN () B 5 VR . DRLTT AT AR ) 4 T A8 4 2 o B H - Y 8 T e 38 2R Y R

A G AL AE BT AR b &2 B RSB 4 IR R Y 454 . BBEZ 1L Rubrene 415 [ R 207 4B L 3 1
SJML P A TEIR A MR . A2 B Rubrene 43 F R BB B9 BL G, X T # B b &4~ K37 19 Rubrene 43,
H T A Bl e 2% ) B 23 1, DRI RTZE Rubrene WA LE . AH4R Rubrene 43 1 19 -F- 1 ] BB W hn ok, 3¢
H 2R 0 3R 5 460 Rubrene W BEAR L W N RESS 120 S T WAL IRIRG 43 F X AT e RS 1 52 el 8 e 7
FLHEAE 4 MIRAFE S Rubrene 4> TR MIEE, B4R, Rubrene 43 8] A8 AH LI 825 88K, 437 8] % pR 2L
FR 52 B /N o DU 531 ) H Ay A % B PRI X 98 284720 1 R R 18

EAE AR T . Rubrene [ EE /R R BURE 452. 9 em?®, X I 5 1 &5 > Rubrene 3 F fi #f 19 & L2y
0. 752 nm’. JEHIHTEA PR AL T 2N IE, 7 FRARENE L H T 45 a7 — i,
3 [B) P R RAY A8 B L A —E LR, N T IHIRTE 4 MRS R P Rubrene 23 1 RS S AR, A
XA B oy 1 e S 7 AU AT AL B Sk, R SR H e 1T AR B R B SE T Z5 4 BRI B D Rubrene 43
T AT AE—ADSr I N, B BT 48 B 7 46 Rubrene B TP AEAS 5707 b B9 R 0. 909 nm, HELAE W]
Y 4 Rubrene 5 H 0 ] B0 ¢ KL I Al 1. 5 7 TR & WP, Rubrene 23 8% 18] 5 20 7 B, il i i itk
4> Rubrene 3 F AL T — AN KBS 7 BN, B T4 MR & HE i th Rubrene 43 5 8] B& 43 5 19 B2 & L
Vo 1+ 1, F AR ORE R i BE OR BT R0 EE SR AR AR (FE R 2 A i), ATAR 5 Rubrene 73 F 09 -F- 2 [A] #E Oy
1. 146 nm(BCP: Rubrene), 1.132 nm (TPBi: Rubrene), 1. 140 nm (NPB: Rubrene), 1.140 nm (mCP;.
Rubrene). ] UL, R4 4 T[] B A1 RHI 43 7 4540 BEJRARAR . BEJR BT RN [R) L (H 4 SRR T3 0 1 43 - )
FE2E B AN s Ao R 7 28 A AR B R . B SR IR S e A R A, TR R TS S ik
SRS A AR ARATY AT R R S AR AH 55
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FE R R It/ R R AR R it/ FE R R
R (g »mol ") (cm® » mol 1) PR (g*mol ") (em® » mol ")
Rub 532.68 452.9 NPB 588. 74 485. 2
BCP 360. 46 307.3 mCP 408. 49 337.0
TPBi 654. 76 516. 8

B4 FAG 2 T 2 AN B 4 T T 43 G 0.24 £ BCP -

Rubrene % 7. Z2H Rubrene 4 i FLUK 45 1. - M

A~ Rubrene 5345 I fi] 1k 1) 4 T BROK 5 . BR 1K 0.20 Tmi\\\\fb Ridh

M ELAE N 0.909 nm. ATRTFHR R, ERIE 1« 1 y o 0| e

MR AR TR . ARFER PR RO -IROEEE & osf

EOH IR 2 6 W 43 9 B i FE T DA & apa |

2 fr /s ) LUMO-HOMO i 9% i 8 ok 3E 47 36 9. 012 -

M4 F fr R 1B A, 2 S AHAB Y Rubrene 4338 i gl s o o B ) o

SR AL 1 7 56 O T R R 7 Se ol pRon b b T

o T B 43 T X T 3 A A% R 5 fE 9 3 % 10 £ e

FHOS L BAR, BB MR . HI4E Rubrene 42 B4 BRI SRTHE Ao MITRXR

Vi) 2 A P 77 2 R S PRI, AR ) 38 AR ORI RS . T 2 4R R TR, A TR 4 I HOMO R Ar
HBML T Rubrene 4 F ) HOMO fig 4, — & [l HOMO f8 % 1Y fig i 22 AE om0 = AE oo, spcer —
AE om0, Rubrene T L ZS R 2, BB E KK N 0.1 eVINPB: Rubrene), 0.4 eV(mCP: Rubrene),
0.7 eV(TPBi: Rubrene), 1.0 eV(BCP: Rubrene). 5§ HOMO B8 15 S AH I . i [ B 4 F 19 LUMO
e E ) m T Rubrene 20 1) LUMO REZK, 3 [A] LUMO BEZ W RE i 22 AE Lumo = AE Lumo. Rubrene —
AE Lm0, spece T THRERS (30 22, R EER K N . 0.3 eV(BCP: Rubrene), 0.5 eV(TPBi: Rubrene),
0.7 eV(NPB: Rubrene), 0.9 eV(mCP: Rubrene). F| ][] B 53 A [6] (1) 58 24 25 14 S5 20 XF H, £ 324 42 i B 119
PR SR ARSI P R ) T AR v s A S O X G

MR AE 18 AT U S B . G SR A ) 0 9 AR e R T e XA O B T 3R A ) A S R
% A1F NPB: Rubrene £ 5 F i R, £ mCP: Rubrene #£ i # Ik Z . 7& TPBi: Rubrene ¥ F IR Z, TF
BCP: Rubrene Ff fh P 8 s JZ WA 4 0] 1) 7 24748 5 R 2l o U Hl 7 56 8 O 20k AR 1, ) 208725 e
WL AE BCP: Rubrene £ 5 5 R, 7€ TPBi: Rubrene £ 1k Z , 7€ NPB: Rubrene # i th Ff Ik Z ,
£ mCP: Rubrene FE 5 it MRIEE 1 75 b MEH, k. EHS AEsowo ZME A IEM KR, MY
AE oo BB A6, B R 4 AT . AE owo /N CHIVHL T34 A2 M) o 2 B H R (RIS 7 2848 o R ik
PO Flan, BCP 43 38 5 B H R AE 0 A LG & 18 19 25 SCB 54 8. #E Rubrene-BCP-Rubrene & £ {&
Z, Has W25 1.0 eV, A FHZ{H 0.3 eV, LI LR TR, 7 BCP: Rubrene #¢ & /i T3¢
AR R D, X IR S T A T T AR R Rl TR R Y O R R W s R T
Ko B JEAS A K WU 1 A B R 5 Y A S G UE B . T B4R AR B9S2 . XF T Rubrene —[f] B 4 F - Ru-
brene & & 1K & , HLF 76 0] [% 4> F O AE R BOBK BR 04 O sCHEAT 8, i 2 R BURE 28 1 Jr oK B 2 0 0o 1)
W% 43> F K BL R RE G 35 2. LA, ARG 835 3k DA O 0 24 A0 3o A v %) T IR PR 2 A% BRI L TR s & A Al mT
LU G & A, 58 Ja WO B AT LA [ B At i) DU BE ALY . 1 S5 il 9 SR R e R W, XML TS
R KA ARV R R, BN T RE R R P A S B AR AR R ES S Tk H
Tk P, BUH 2 B A A0 4 Bk 22 A A8 B A A

4 £ &

RS Ko A LA T SRR B Rubrene 48 MR B it 48 2% T BCP, TPBi, NPB Al mCP BHkHf,
J& i BCP: Rubrene, TPBi: Rubrene, NPB: Rubrene fl mCP: Rubrene JR-& 8. ¥R S BN ) HAb 4 7
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A (8] B8 53 F » #E Rubrene —[A] [ 43— Rubrene {R & i1, 72448 i3 2 HAEAH B3 2§ 1Y Rubrene 43 Z [H]
RAEAEFWR NWET 4 MRS MR AOEECROE FOL RS =it & FH A B R ROk =
W R IEAT T RIA, ISR S I A A R A LA R KW, 4 2 4 Rubrene 43 8] LA AS 6 H 4 1Y)
77 258 B T 2 SRR, (R B 4 X F g e RS A B BB R A A MR L U SR A o R Y TR (] B A A
B FE 3 A B B A A OGP A AR R U T AR ORI, A L 2T W R AR e R Y TR ]
B 53 Y 25 XA R Z ) TE G 3X — 45 SR B 45 U W1 43 1 1) A 9 28728 5 7 2 3 o XU, 5% 8 O SR AR T
ez TR Iy A, I SIS A BEIE B T 9T 24 A8 (0 SO T A B AR 1 5 B B4 SR AT B T OE 0 0 BT UK
T B R RO B ES . X T H AT TR R O N e TR BN A R B b Y S R e s 4
HE T A S IR LA

S % k-
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A Charge-Transfer Model for Studying Singlet Exciton
Fission with the Transient Fluorescence Technique

TIAN Xiao-yu, ZHOU Liang, CHEN Xi,
MENG Yan, ZHANG Yong

School of Physical Science and Technology , Southwest University , Chongqing 400715, China

Abstract: Singlet exciton fission in organic materials has become a hotspot of scientific research due to its
potential applications in organic photovoltaic devices. Traditionally, exciton fission can be explained with
the “charge-transfer” model, in which twice charge-transfer processes between two involving molecules
lead to the state conversion. Furthermore, in the physical image of charge-transfer, there exist two possi-
ble modes: the double electron-transfer mode and the double hole-transfer mode. In order to test these
models, a highly efficient fission material, i. e. rubrene, was mixed into 4 different organic materials,
which acted as spacers to separate those doped rubrene molecules. For the rubrene molecules and the spac-
er molecules, their energy difference between HOMO levels functioned as a tunneling barrier for intermo-
lecular hole-transfer, whereas their energy difference between LUMO levels functioned as a tunneling bar-
rier for intermolecular electron-transfer. Measurement and analysis of the transient fluorescence decay
curves of the 4 blending films showed that the rates of singlet exciton fission were highly significantly cor-
related with the heights of electron-tunneling barriers, thus giving a first experimental conformation for
supporting the electron-transfer model and rejecting the hole-transfer model. The results presented in this
work are thought to be of significant value for clarifying the physical mechanism of intermolecular singlet
exciton fission, for it provides a direct experimental evidence for improving the theoretical computations
based on electron-transfer images.
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