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Fig. 2. The charge-transfer mechanism of singlet fission.

PR N B e P 2 e e 3 o ) 25 B e R 4
AN LA RN SRR, oA T R
L. A% G B AT EL A R AR 1 ) B AR, B
A 1) 1 2 5 B L T RS 20 (1234 M i R R A
(charge transfer state, fEi#x N CT &) 5H] A H.28
BWrSIERE R LRI, S BB ERCTH, H
B CT &4 (TT) 25, “Pik” 58 U A 135 1)
o IR S B g R, X LB B AR PR A A 7 A
(K 2). X5, B REsERsh, &85
LA A . U LA, — S5 A R R 52
B TT AR b 17) T A 4 B A A B B e B o [R) 25 O 4
HEMR, X~ “HEBEMFEENE T HFRAMA
JERAH R LS RIS, HSE b, TR
L B B B ORI, L RE A A il T
TIEAL TR BT, A8 GBI AR AL — E BRFE. X,
Zimmerman 5§ F I b8 B B 7SOV, A
SCNEE BT 2 P R A AR AE, T HAH 5
H R AT e A A B B R B s, DAL B2 A 70 RN

094210-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I % R Acta Phys. Sin.

Vol. 64, No. 9 (2015) 094210

K AT Bd i A Hh ey H A e B I AR A 03T R
BT 7 1 AR SR ORIRAE T, JF 2R SR i m
R TS, RIS IE R L2
. RN, 23 6] )38 8l S BT 3T I 1) Sy A
ME & B &, Wi =& Z m & AR I
A e #s B3T3 R, RGEmAIBEOR 2R
AR (S0 &) BRI A i 248, SRS 7E S RET5E
XAbE A B R AR (ME &) R 00 (% 4 2 ih 2%
b, SERORL TR R, SRR, 4T 1R AR B
TERIZ “E” PLELAORBRE IR 3R

Crossing of S; and D

4,
Poer ,
s '-..N“‘d’ab«?t

E Motion on 51
e ~ after Excitation
==
L]
.'E m — e
g N X ~. 5:_‘
=]
a Transfer .
Regio =
Me i
© Reg,
= Yeg
Acene dimer
Intermonomer Separation

3 FRFL A AN 5 A AR ELAE A S SOk A
FEA BRI BT
Fig. 3. Electronic and nuclear coupling that leads to

population transfer from the bright to dark state in

pentacene (371,

1E 4k 7K Zimmerman 55 ) 212 (1) JE Al F, Zhu
FEH S A ME & s a4 T & 7 A5 T & Ik
BF, BRI )k 2 L bE
(2 3125 38101 JE 2 id — BER A B A T Je ik 2]
M2 TFAMCNME 2, W B2 Zd R RIA

(a) Non-adiabatic: kgsoc V2

Singlet
state

'
______

JR N —

Reaction coordinate

Increasing
electronic
coupling, V'
—_—

AN

ATLATE, Sq A A ME 75 2 [8] 0 Z0AF7E 5% FEL 1Al 6 A%
R e FECE T2 NAS, X 50 BAEH E Zim-
merman F % A1 [ 5 5.

Friend 1 Baldo 2% 5% 2Rk R A &5 /A
ANTE ) 53 1 SR AR I 2y R R AT 7R A, WK S
H—ANE 2 8BRS AR A (1 A4 i 2 2k
BUR A 5 HE U Z 2013 2 181356 B R/
(V = (S1So| H|TT), fFRI V) 1E RN L2550 22
WERERPEYE LA O, —J7m, F AR
VAEAR /N, BLECTC T MR AS & 00 AR B HHE 7 L mT
ML f) 43 T8 R W HH IR B FR e Bk R L 154
S R T S S S A B e R 2L 5 —
J7 18, Zhu B SR A BOR B SR A AR T Sy A
YTT) & T A T2 n A B ) S V{8 4l it
. CEAORE, B S, AL (TT) SHHFREARREYV
BN, AR ENE B ELA AR ERBITEZE
e A R A A RE R RS L R (BT 4). Ak, fERE
WitE SR R AT, Zhu KIS, 5
HTT) &HAHTSINIEA R B ZFM, 2R
FHA PR B AT 42 F 52025 7 22 1Y) T8 28 0 W] 08 B e K
. M52 CT &7 R P HAE AT ZA, fEif
B8] 73 3 RO ' H - R ST oS B OB IOR &
TEBINE, RATHERE S fICT BB bBs—l, 7
BT G IR 2R G 1 R &S o R
WEFEH, CT 251 Bl — b sz (49,

(b) Adiabatic: kgy~Taq

Singletv

Reaction coordinate

B4 B% Sy R TT R IMMARAAE V BN, 7 2N () IRAEHAE RELRS, 250 (b) Zifhat AL Hs (11

Fig. 4. As the coupling V between the S1 and TT states increases, the fission process transitions from

non-adiabatic (a) to adiabatic (b) energy transfer !
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Fig. 6. The temperature-dependent dynamics of the TA signal for singlet and triplet excitons in a tetracene film [79].
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Fig. 9. The rate of singlet fission is superlinearly depen-

dent on the density of singlet excitons (91,
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Fig. 14. Pseudocolor plots of TR-2 PPE spectra of tetracene (a) and pentacene (b) thin films, excited at
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the ME/2 x T states for tetracene (c) and pentacene (d) [40].
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Fig. 15. Device architecture and EQE of a pentacene solar cell. (a) Chemical structures and architecture
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measured with light incident at 10° from normal with an external mirror reflecting the residual pump light
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agram and proposed working mechanism of the solar
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Fig. 18. A schematic representation of singlet fission

sensitization scheme in an OPV [108],

5 &

ASCIB T T AR ML T R RS Oy
RGBT, Zula gy 7R KA.
BRI SLIR M G F R, B2 AR LI AR Ty
AR R 1 F 5 RRIR, v defF R R4 7 AT fE,
{H— L BARI P BEALRE, 0ok TR & o 99 . L i
5 2] PSRN P S N N Y (AR E IS oy
FRER ST R R AT SRAFAE 73 0. R I il R )R
TR FERG A B T 48 715 L2 35 70 1) S ik A7) B D 2
NSTARANE KT 1 1 R0 AR BRI A, o
Ptk AR SR At . A3 H, WARRER R
DR o B R A HLR 2 A 0 R AR A LR KL,
R AT LA P RSEAS A R 149 2 D) BT 5 AR KRR 7 ol
il &AWL PR FL it 091,

SE

[1] Shockley W, Queisser H J 1961 J. Appl. Phys. 32 510

[2] Wiirfel P 1997 Sol. Energy Mater. Sol. Cells 46 43

[3] O’Dwyer M F, Humphrey T, Lewis R A, Zhang C 2008
Microelectron. J. 39 656

[4] Conibeer G, Jiang C W, Kénig D, Shrestha S, Walsh T,
Green M 2008 Thin Solid Films 516 6968

[5] Ellingson R J, Beard M C, Johnson J C, Yu P R, Micic
O I, Nozik A J, Shabaev A, Efros A L 2005 Nano Lett.
5 865

[6] Beard M C, Knutsen K P, Yu P R, Luther J M, Song
Q, Metzger W K, Ellingson R J, Nozik A J 2007 Nano
Lett. 7 2506

[7] Nozik A J, Beard M C, Luther J M, Law M, Ellingson
R J, Johnson J C 2010 Chem. Rev. 110 6873

[8] Hanna M, Nozik A 2006 J. Appl. Phys. 100 074510

[9]

[10]

[15]
[16]

094210-12

Zhang B, Zhang C F, Wang R, Tan Z A, Liu Y L, Guo
W, Zhai X L, Cao Y, Wang X Y, Xiao M 2014 J. Phys.
Chem. Lett. 5 3462

Schaller R D, Klimov V I 2004 Phys. Rev. Lett. 92
186601

Xiao J, Wang Y, Hua Z, Wang X Y, Zhang C F, Xiao
M 2012 Nat. Commun. 3 1170

Smith M B, Michl J 2010 Chem. Rev. 110 6891

Smith M B, Michl J 2013 Annu. Rev. Phys. Chem. 64
361

Singh S, Jones W, Siebrand W, Stoicheff B, Schneider
W 1965 J. Chem. Phys. 42 330

Swenberg C, Stacy W 1968 Chem. Phys. Lett. 2 327
Merrifield R, Avakian P, Groff R 1969 Chem. Phys. Lett.
3 155

Geacintov N, Pope M, Vogel F 1969 Phys. Rev. Lett. 22
593

Merrifield R 1971 Pure Appl. Chem. 27 481

Jundt C, Klein G, Sipp B, Le Moigne J, Joucla M, Vil-
laeys A 1995 Chem. Phys. Lett. 241 84

Miiller A M, Avlasevich Y S, Schoeller W W, Miillen K,
Bardeen C J 2007 J. Am. Chem. Soc. 129 14240

Ma L, Zhang K K, Kloc C, Sun H D, Michel-Beyerle M
E, Gurzadyan G G 2012 PCCP 14 8307

Piland G B, Burdett J J, Kurunthu D, Bardeen C J 2013
J. Phys. Chem. C 117 1224

Walker B J, Musser A J, Beljonne D, Friend R H 2013
Nat. Chem. 5 1019

Kraabel B, Hulin D, Aslangul C, Lapersonne-Meyer C,
Schott M 1998 Chem. Phys. 227 83

Lanzani G, Stagira S, Cerullo G, De Silvestri S, Co-
moretto D, Moggio I, Cuniberti C, Musso G, Dellepiane
G 1999 Chem. Phys. Lett. 313 525

Lanzani G, Cerullo G, Zavelani-Rossi M, De Silvestri S,
Comoretto D, Musso G, Dellepiane G 2001 Phys. Rev.
Lett. 87 187402

Guo J M, Ohkita H, Benten H, Ito S 2009 J. Am. Chem.
Soc. 131 16869

Wang C, Tauber M J 2010 J. Am. Chem. Soc. 132 13988
Lee J, Jadhav P, Reusswig P D, Yost S R, Thompson N
J, Congreve D N, Hontz E, Van Voorhis T, Baldo M A
2013 Acc. Chem. Res. 46 1300

Congreve D N, Lee J, Thompson N J, Hontz E, Yost S
R, Reusswig P D, Bahlke M E, Reineke S, Van Voorhis
T, Baldo M A 2013 Science 340 334

Tabachnyk M, Ehrler B, Gélinas S, Bohm M L, Walker
B J, Musselman K P, Greenham N C, Friend R H, Rao
A 2014 Nat. Mater. 13 1033

Merrifield R 1968 J. Chem. Phys. 48 4318

Johnson R, Merrifield R 1970 Phys. Rev. B 1 896
Greyson E C, Vura-Weis J, Michl J, Ratner M A 2010
J. Phys. Chem. B 114 14168

Zimmerman P M, Zhang Z Y, Musgrave C B 2010 Nat.
Chem. 2 648

Zimmerman P M, Bell F, Casanova D, Head-Gordon M
2011 J. Am. Chem. Soc. 133 19944

Zimmerman P M, Musgrave C B, Head-Gordon M 2013
Acc. Chem. Res. 46 1339


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1063/1.1736034
http://dx.doi.org/10.1016/S0927-0248(96)00092-X
http://dx.doi.org/10.1016/j.mejo.2007.07.062
http://dx.doi.org/10.1016/j.mejo.2007.07.062
http://dx.doi.org/10.1016/j.tsf.2007.12.031
http://dx.doi.org/10.1021/nl0502672
http://dx.doi.org/10.1021/nl0502672
http://dx.doi.org/10.1021/nl071486l
http://dx.doi.org/10.1021/nl071486l
http://dx.doi.org/10.1021/cr900289f
http://dx.doi.org/10.1063/1.2356795
http://dx.doi.org/10.1021/jz501736y
http://dx.doi.org/10.1021/jz501736y
http://dx.doi.org/10.1103/PhysRevLett.92.186601
http://dx.doi.org/10.1103/PhysRevLett.92.186601
http://dx.doi.org/10.1038/ncomms2183
http://dx.doi.org/10.1021/cr1002613
http://dx.doi.org/10.1146/annurev-physchem-040412-110130
http://dx.doi.org/10.1146/annurev-physchem-040412-110130
http://dx.doi.org/10.1063/1.1695695
http://dx.doi.org/10.1016/0009-2614(68)80087-9
http://dx.doi.org/10.1016/0009-2614(69)80122-3
http://dx.doi.org/10.1016/0009-2614(69)80122-3
http://dx.doi.org/10.1103/PhysRevLett.22.593
http://dx.doi.org/10.1103/PhysRevLett.22.593
http://dx.doi.org/10.1016/0009-2614(95)00603-2
http://dx.doi.org/10.1021/ja073173y
http://dx.doi.org/10.1039/c2cp40449d
http://dx.doi.org/10.1021/jp309286v
http://dx.doi.org/10.1021/jp309286v
http://dx.doi.org/10.1038/nchem.1801
http://dx.doi.org/10.1038/nchem.1801
http://dx.doi.org/10.1016/S0301-0104(97)00200-0
http://dx.doi.org/10.1016/S0009-2614(99)01104-5
http://dx.doi.org/10.1103/PhysRevLett.87.187402
http://dx.doi.org/10.1103/PhysRevLett.87.187402
http://dx.doi.org/10.1021/ja906621a
http://dx.doi.org/10.1021/ja906621a
http://dx.doi.org/10.1021/ja102851m
http://dx.doi.org/10.1021/ar300288e
http://dx.doi.org/10.1126/science.1232994
http://dx.doi.org/10.1038/nmat4093
http://dx.doi.org/10.1063/1.1669777
http://dx.doi.org/10.1021/jp907392q
http://dx.doi.org/10.1021/jp907392q
http://dx.doi.org/10.1038/nchem.694
http://dx.doi.org/10.1038/nchem.694
http://dx.doi.org/10.1021/ja208431r
http://dx.doi.org/10.1021/ar3001734
http://dx.doi.org/10.1021/ar3001734

) I % R Acta Phys. Sin.

Vol. 64, No. 9 (2015) 094210

(38]

Chan W L, Ligges M, Jailaubekov A, Kaake L, Miaja-
Avila L, Zhu X Y 2011 Science 334 1541

Chan W L, Ligges M, Zhu X Y 2012 Nat. Chem. 4 840
Chan W L, Berkelbach T C, Provorse M R, Monahan N
R, Tritsch J R, Hybertsen M S, Reichman D R, Gao J
L, Zhu X Y 2013 Acc. Chem. Res. 46 1321

Yost S R, Lee J Y, Wilson M W, Wu T, McMahon D P,
Parkhurst R R, Thompson N J, Congreve D N, Rao A,
Johnson K 2014 Nat. Chem. 6 492

Beljonne D, Yamagata H, Brédas J, Spano F, Olivier Y
2013 Phys. Rev. Lett. 110 226402

Busby E, Xia J L, Wu Q, Low J Z, Song R, Miller J R,
Zhu X' Y, Campos L. M, Sfeir M Y 2015 Nat. Mater. 14
426

Paci I, Johnson J C, Chen X D, Rana G, Popovic D,
David D E, Nozik A J, Ratner M A, Michl J 2006 J.
Am. Chem. Soc. 128 16546

Burdett J J, Miller A M, Gosztola D, Bardeen C J 2010
J. Chem. Phys. 133 144506

Lee J, Jadhav P, Baldo M 2009 Appl. Phys. Lett. 95
033301

Rao A, Wilson M W, Hodgkiss J M, Albert-Seifried S,
Basler H, Friend R H 2010 J. Am. Chem. Soc. 132
12698

Schwerin A F, Johnson J C, Smith M B, Sreearunothai
P, Popovic D, Cerny J ii, Havlas Z, Paci I, Akdag A,
MacLeod M K 2009 J. Phys. Chem. A 114 1457
Johnson J C, Nozik A J, Michl J 2010 J. Am. Chem.
Soc. 132 16302

Akdag A, Havlas Z k, Michl J 2012 J. Am. Chem. Soc.
134 14624

Eaton S W, Shoer L E, Karlen S D, Dyar S M, Mar-
gulies E A, Veldkamp B S, Ramanan C, Hartzler D A,
Savikhin S, Marks T J 2013 J. Am. Chem. Soc. 135
14701

Miller A M, Avlasevich Y S, Miillen K, Bardeen C J
2006 Chem. Phys. Lett. 421 518

Johnson J C, Nozik A J, Michl J 2013 Acc. Chem. Res.
46 1290

Thorsmglle V K, Averitt R D, Demsar J, Smith D, Tre-
tiak S, Martin R, Chi X, Crone B, Ramirez A, Taylor A
2009 Phys. Rev. Lett. 102 017401

Roberts S T, McAnally R E, Mastron J N, Webber D H,
Whited M T, Brutchey R L, Thompson M E, Bradforth
S E 2012 J. Am. Chem. Soc. 134 6388

Geacintov N, Pope M 1969 J. Chem. Phys. 50 814
Vaubel G, Baessler H 1970 Mol. Cryst. Lig. Cryst. 12
47

Groff R, Avakian P, Merrifield R 1970 Phys. Rev. B 1
815

Ghosh A K, Feng T 1973 J. Appl. Phys. 44 2781
Sokolik I, Frankevich E 1974 Sov. Phys. Usp 16 687
Najafov H, Lee B, Zhou Q, Feldman L, Podzorov V 2010
Nat. Mater. 9 938

Silva C 2010 Nat. Mater. 9 884

Marciniak H, Fiebig M, Huth M, Schiefer S, Nickel B,
Selmaier F, Lochbrunner S 2007 Phys. Rev. Lett. 99
176402

(64]

(65]

(6]

[67)

(89]

[90]

[91]

094210-13

Grumstrup E M, Johnson J C, Damrauer N H 2010
Phys. Rev. Lett. 105 257403

Camposeo A, Polo M, Tavazzi S, Silvestri L, Spearman
P, Cingolani R, Pisignano D 2010 Phys. Rev. B 81
033306

Rao A, Wilson M W, Albert-Seifried S, Di Pietro R,
Friend R H 2011 Phys. Rev. B 84 195411

Wilson M W, Rao A, Clark J, Kumar R S S, Brida D,
Cerullo G, Friend R H 2011 J. Am. Chem. Soc. 133
11830

Burdett J J, Gosztola D, Bardeen C J 2011 J. Chem.
Phys. 135 214508

Tayebjee M J, Clady R G, Schmidt T" W 2013 Phys.
Chem. Chem. Phys. 15 14797

Wilson M W, Rao A, Johnson K, Gélinas S, di Pietro R,
Clark J, Friend R H 2013 J. Am. Chem. Soc. 135 16680
Wilson M W, Rao A, Ehrler B, Friend R H 2013 Acc.
Chem. Res. 46 1330

Birech Z, Schwoerer M, Schmeiler T, Pflaum J, Schwo-
erer H 2014 J. Chem. Phys. 140 114501

Zhang B, Zhang CF, Xu 'Y Q, Wang R, He B, Liu Y L,
Zhang S M, Wang X Y, Xiao M 2014 J. Chem. Phys.
141 244303

Wu Y S, Liu K, Liu H'Y, Zhang Y, Zhang H L, Yao J
N, Fu H B 2014 J. Phys. Chem. Lett. 5 3451
Tomkiewicz Y, Groff R, Avakian P 1971 J. Chem. Phys.
54 4504

Swenberg C, Ratner M, Geacintov N 1974 J. Chem.
Phys. 60 2152

Kepler R 1960 Phys. Rev. 119 1226

Helfrich W, Schneider W 1965 Phys. Rev. Lett. 14 229
Marciniak H, Pugliesi I, Nickel B, Lochbrunner S 2009
Phys. Rev. B 79 235318

Johnson J C, Reilly IITI T H, Kanarr A C, van de Lage-
maat J 2009 J. Phys. Chem. C 113 6871

Kuhlman T S, Kongsted J, Mikkelsen K V, Mgller K B,
Selling T 12010 J. Am. Chem. Soc. 132 3431

Chabr M, Wild U, Funfschilling J, Zschokke-Granacher
11981 Chem. Phys. 57 425

Burdett J J, Bardeen C J 2012 J. Am. Chem. Soc. 134
8597

Suna A 1970 Phys. Rev. B 1 1716

Voigt M, Langner A, Schouwink P, Lupton J, Mahrt R,
Sokolowski M 2007 J. Chem. Phys. 127 114705
Burdett J J, Bardeen C J 2013 Acc. Chem. Res. 46 1312
Lim S H, Bjorklund T G, Spano F C, Bardeen C J 2004
Phys. Rev. Lett. 92 107402

Greyson E C, Stepp B R, Chen X D, Schwerin A F, Paci
I, Smith M B, Akdag A, Johnson J C, Nozik A J, Michl
J 2009 J. Phys. Chem. B 114 14223

Venuti E, Della Valle R G, Farina L, Brillante A, Masino
M, Girlando A 2004 Phys. Rev. B 70 104106

Wappelt A, Bergmann A, Napiwotzki A, Eichler H, Jup-
ner H, Kummrow A, Lau A, Woggon S 1995 J. Appl.
Phys. 78 5192

Smith A, Weiss C 1972 Chem. Phys. Lett. 14 507


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1126/science.1213986
http://dx.doi.org/10.1038/nchem.1436
http://dx.doi.org/10.1021/ar300286s
http://dx.doi.org/10.1038/nchem.1945
http://dx.doi.org/10.1103/PhysRevLett.110.226402
http://dx.doi.org/10.1021/ja063980h
http://dx.doi.org/10.1021/ja063980h
http://dx.doi.org/10.1063/1.3495764
http://dx.doi.org/10.1063/1.3495764
http://dx.doi.org/10.1063/1.3182787
http://dx.doi.org/10.1063/1.3182787
http://dx.doi.org/10.1021/ja1042462
http://dx.doi.org/10.1021/ja1042462
http://dx.doi.org/10.1021/ja104123r
http://dx.doi.org/10.1021/ja104123r
http://dx.doi.org/10.1021/ja3063327
http://dx.doi.org/10.1021/ja3063327
http://dx.doi.org/10.1021/ja4053174
http://dx.doi.org/10.1021/ja4053174
http://dx.doi.org/10.1016/j.cplett.2006.01.117
http://dx.doi.org/10.1021/ar300193r
http://dx.doi.org/10.1021/ar300193r
http://dx.doi.org/10.1103/PhysRevLett.102.017401
http://dx.doi.org/10.1021/ja300504t
http://dx.doi.org/10.1063/1.1671134
http://dx.doi.org/10.1080/15421407008082759
http://dx.doi.org/10.1080/15421407008082759
http://dx.doi.org/10.1103/PhysRevB.1.815
http://dx.doi.org/10.1103/PhysRevB.1.815
http://dx.doi.org/10.1063/1.1662650
http://dx.doi.org/10.1070/PU1974v016n05ABEH004131
http://dx.doi.org/10.1038/nmat2872
http://dx.doi.org/10.1038/nmat2872
http://dx.doi.org/10.1038/nmat2890
http://dx.doi.org/10.1103/PhysRevLett.99.176402
http://dx.doi.org/10.1103/PhysRevLett.99.176402
http://dx.doi.org/10.1103/PhysRevLett.105.257403
http://dx.doi.org/10.1103/PhysRevLett.105.257403
http://dx.doi.org/10.1103/PhysRevB.81.033306
http://dx.doi.org/10.1103/PhysRevB.81.033306
http://dx.doi.org/10.1103/PhysRevB.84.195411
http://dx.doi.org/10.1021/ja201688h
http://dx.doi.org/10.1021/ja201688h
http://dx.doi.org/10.1063/1.3664630
http://dx.doi.org/10.1063/1.3664630
http://dx.doi.org/10.1039/c3cp52609g
http://dx.doi.org/10.1039/c3cp52609g
http://dx.doi.org/10.1021/ja408854u
http://dx.doi.org/10.1021/ar300345h
http://dx.doi.org/10.1021/ar300345h
http://dx.doi.org/10.1063/1.4867696
http://dx.doi.org/10.1063/1.4904385
http://dx.doi.org/10.1063/1.4904385
http://dx.doi.org/10.1021/jz5017729
http://dx.doi.org/10.1063/1.1674702
http://dx.doi.org/10.1063/1.1674702
http://dx.doi.org/10.1063/1.1681326
http://dx.doi.org/10.1063/1.1681326
http://dx.doi.org/10.1103/PhysRev.119.1226
http://dx.doi.org/10.1103/PhysRevLett.14.229
http://dx.doi.org/10.1103/PhysRevB.79.235318
http://dx.doi.org/10.1103/PhysRevB.79.235318
http://dx.doi.org/10.1021/jp901419s
http://dx.doi.org/10.1021/ja909166s
http://dx.doi.org/10.1016/0301-0104(81)80221-2
http://dx.doi.org/10.1021/ja301683w
http://dx.doi.org/10.1021/ja301683w
http://dx.doi.org/10.1103/PhysRevB.1.1716
http://dx.doi.org/10.1063/1.2766944
http://dx.doi.org/10.1021/ar300191w
http://dx.doi.org/10.1103/PhysRevLett.92.107402
http://dx.doi.org/10.1103/PhysRevLett.92.107402
http://dx.doi.org/10.1103/PhysRevB.70.104106
http://dx.doi.org/10.1063/1.359757
http://dx.doi.org/10.1063/1.359757
http://dx.doi.org/10.1016/0009-2614(72)80250-1

) I % R Acta Phys. Sin.

Vol. 64, No. 9 (2015) 094210

92]

Jadhav P J, Brown P R, Thompson N, Wunsch B, Mo-
hanty A, Yost S R, Hontz E, Van Voorhis T, Bawendi
M G, Bulovié¢ V 2012 Adv. Mater. 24 6169

Ehrler B, Walker B J, Bohm M L, Wilson M W, Vaynzof
Y, Friend R H, Greenham N C 2012 Nat. Commun. 3
1019

Ehrler B, Wilson M W, Rao A, Friend R H, Greenham
N C 2012 Nano Lett. 12 1053

Jadhav P J, Mohanty A, Sussman J, Lee J Y, Baldo M
A 2011 Nano Lett. 11 1495

Yoo S, Domercq B, Kippelen B 2004 Appl. Phys. Lett.
85 5427

Yoo S, Potscavage Jr W J, Domercq B, Han S H, Li T
D, Jones S C, Szoszkiewicz R, Levi D, Riedo E, Marder
S R 2007 Solid-State Electron. 51 1367

Thompson N J, Congreve D N, Goldberg D, Menon V
M, Baldo M A 2013 Appl. Phys. Lett. 103 263302
Pandey A K, Dabos-Seignon S, Nunzi J M 2006 Appl.
Phys. Lett. 89 113506

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107)

[108]

[109]

094210-14

Monestier F, Pandey A K, Simon J J, Torchio P, Es-
coubas L, Nunzi J M 2007 J. Appl. Phys. 102 034512
Griffith O L, Anthony J E, Jones A G, Lichtenberger D
L 2009 J. Am. Chem. Soc. 132 580

Jasieniak J, Califano M, Watkins S E 2011 ACS nano 5
5888

Blumstengel S, Sadofev S, Xu C, Puls J, Henneberger F
2006 Phys. Rev. Lett. 97 237401

Zhang Q, Atay T, Tischler J R, Bradley M S, Bulovi V,
Nurmikko A 2007 Nat. Nanotechnol. 2 555

Agranovich V, Gartstein Y N, Litinskaya M 2011 Chem.
Rev. 111 5179

Chu C W, Shao Y, Shrotriya V, Yang Y 2005 Appl. Phys.
Lett. 86 243506

Shao Y, Sista S, Chu C W, Sievers D, Yang Y 2007 Appl.
Phys. Lett. 90 103501

Reusswig P D, Congreve D N, Thompson N J, Baldo M
A 2012 Appl. Phys. Lett. 101 113304

Shaheen S E, Radspinner R, Peyghambarian N, Jabbour
G E 2001 Appl. Phys. Lett. 79 2996


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1002/adma.v24.46
http://dx.doi.org/10.1038/ncomms2012
http://dx.doi.org/10.1038/ncomms2012
http://dx.doi.org/10.1021/nl204297u
http://dx.doi.org/10.1021/nl104202j
http://dx.doi.org/10.1063/1.1829777
http://dx.doi.org/10.1063/1.1829777
http://dx.doi.org/10.1016/j.sse.2007.07.038
http://dx.doi.org/10.1063/1.4858176
http://dx.doi.org/10.1063/1.2352800
http://dx.doi.org/10.1063/1.2352800
http://dx.doi.org/10.1063/1.2767619
http://dx.doi.org/10.1021/nn201681s
http://dx.doi.org/10.1021/nn201681s
http://dx.doi.org/10.1103/PhysRevLett.97.237401
http://dx.doi.org/10.1038/nnano.2007.253
http://dx.doi.org/10.1021/cr100156x
http://dx.doi.org/10.1021/cr100156x
http://dx.doi.org/10.1063/1.1946184
http://dx.doi.org/10.1063/1.1946184
http://dx.doi.org/10.1063/1.2709505
http://dx.doi.org/10.1063/1.2709505
http://dx.doi.org/10.1063/1.4752445
http://dx.doi.org/10.1063/1.1413501

32 % R  Acta Phys. Sin. Vol. 64, No. 9 (2015) 094210

SPECIAL ISSUE — Celebrating 100 anniversary of physical science in Nanjing University

Ultrafast spectroscopic study for singlet fission”

Zhang BoY Zhang Chun-Feng)" Li Xi-You? Wang Rui" Xiao Min"3*

1) (National Laboratory of Solid State Microstructures, Department of Physics, Nanjing University, Nanjing 210093, China)
2) (Department of Science, China University of Petroleum (Huadong), Qingdao 266580, China)
3) (Department of Physics, University of Arkansas, Fayetteville, Arkansas 72701, USA)

( Received 9 February 2015; revised manuscript received 18 March 2015 )

Abstract

Singlet fission is a spin-allowed process that creates two triplet excitons from one photo-excited singlet exciton
in organic semiconductors. This process of carrier multiplication holds the great potential to break the theoretical
efficiency limit in single-junction solar cells by making better use of high-energy photons, while capturing lower-energy
photons in the usual style. Photovoltaic devices based on singlet fission have achieved external quantum efficiencies in
excess of 100%. In this paper, we first introduce the basic concept about singlet fission and review the history of the
field briefly. Then, we report some recent advances in the research of singlet fission progress with the combination of
our group’s productions. Tetracene and pentacene are chosen as typical polyacene materials for discuss. We describe
how scientists make progresses in understanding the underlying physics in singlet fission process. The experimental
methods of transient absorption spectra, time-resolved fluorescence spectra and time-resolved two-photon photoemission
spectra render numerous results for analysis. Moreover, a survey about the debate on the direct or indirect mechanism
with transient optical study is provided. It has been verified that multiexciton state intermediates in singlet fission
process and the factors of energy level alignments, intermolecular interaction as well as lattice vibrations play a role
in it. Last, we briefly summarize the implications of singlet fission in organic solar devices by introducing several
composite architectures for singlet-fission photovoltaics. Designing efficient and cheap solar cells is the ultimate goal
for understanding the intrinsic photophysics of singlet fission. To obtain high efficiencies, it is important to adapt
proper materials and new organic/inorganic architectures may become a promising direction. Also, finding a way for
efficient triplet exciton dissociation should be considered seriously. It is believable that these guidelines can lead to the

development of cheap and efficient fission—based devices.
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