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Abstract: As a new type of organic photovoltaic materials, 9,9’-bifluorenylidene (9,9'-BF) derivatives have attracted
much scientific attention due to the aromaticity and twisted structure of the 9,9’-bifluorenylidene core. 9,9’-Bifluorenylidene
derivatives contain two rigid coplane biphenyl units which can lead to good thermal and chemical stability of compounds, mo-
reover, they have excellent photoelectric properties. These compounds could easily accept one electron to form 14-m-electron
system, and thus they have aromaticity and improve the LUMO energy level of materials for increasing the open circuit
voltage in organic photovoltaic (OPV) cells. In addition, 9,9'-bifluorenylidene has 12 different substitution positions, they
can be easily replaced by suitable groups to systhesize the needed molecules, and its structure is more flexible than fullerene
derivatives. However, the bulk heterojunction organic photovoltaic cells based on the reported 9,9’'-bifluorenylidene deriva-
tives have lower power conversion efficiency (PCE) because of their lower electron mobility. The key issues for improving
their electron mobility and spectral absorption in the UV-vis region have been attractive. In this paper, we review the recent
advances on 9,9'-bifluorenylidene derivatives as organic optoelectronic functional materials in organic photovoltaic cells, and
the performance of these materials is analyzed from the view of molecular structures. Finally, the prospect of the development
of bifluorene-based materials is addressed.

Key words : fluorene; 9,9'-bifluorenylidene; organic small-molecular acceptor; organic photovoltaic materials; organic
photovoltaic cells
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Fig. 1 Structures of fluorene, 9-fluorenone and 9,9'-bifluorenylidene
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Fig.2 Possible reaction mechanism for the synthesis of 9,9'-bifluorenylidene derivatives by one-pot reaction method
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Fig. 3 Structures of some symmetrical 9,9’-bifluorenylidene derivatives
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Fig. 4  Structures of some asymmetrical 9,9’-bifluorenylidene derivatives
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Fig. 5 Synthetic route for 9,9'-bifluorenylidene derivative 5
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Fig. 6 Synthetic routes for 9,9'-bifluorenylidene derivatives 8 and 9%
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Fig. 7 Structures of 9,9’-bifluorenylidene derivatives 10 and 1
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Fig. 8 Possible reaction mechanism for 9,9'-bifluorenylidene derivative IV
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Fig. 9  Structures of 9,9'-bifluorenylidene derivatives as small-molecular acceptors
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Fig. 11 Structures of 9,9"-bifluorenylidene derivatives as electron acceptors >

VEF AL PRI IE TR WEWYBE A9 KA X 9,97~
S 045 'y BRI e AL A M ORI, 4 K BRBE Y B
HRWE W P 0 VY T WE W BRI HAE 9, 9'-1k 2 4 1 1 2-A
2 b, AT 3 MR 9(STBF) | fb3 %) 10( TTBF)
LAY 11(FTBF) , WFFES5 SRR, A WEL FRE)
Hm, LAY LUMO Fl HOMO BEZCERAHRL I ., &
Py 9(STBF) | L&) 10(TTBF) . &%) 11(FTBF) LK



322

Hh AR

39 %

9,9"-BtZiM "' | P3HT Ml PC,, BM i LUMO Fl HOMO fig
FnE 12 s, BB MABERTE, (L&YW 9 REHR S
P3HT MIBEZVCHL, F BB AL 32 (X fil & LR A4 i
&9 10 B9 LUMO fiEZ% 5 P3HT ) LUMO FEZ %A%,
LA 11 1) LUMO REZLE T P3HT B9 LUMO REZk, k4
AR R G IR R, (HEAEY 10 A& 11 L
iR, e KW 3 67 T 388 Fil 413 nm &b, 4R
55 PCBM 4148 52 1A i 16 2, 76 1T I X i iz i
K5, AR BB AR R B,

259V
2.7eV 285¢v (R
326eV ()
3.48eV ( ) 3.8eV
P3HT FTBF
TTBF
9.9'BF || STBF
4.8eV —
\ ) 5.01eV
. ) 5226V
5.62eV 564 eV
6.1eV

& 12 4b4&% 9(STBF) ., 10(TTBF) ., 11(FTBF) . 9,9'-%)
I . P3HT H1 PCq, BM Y LUMO F1 HOMO fEZ%
Fig. 12 HOMO and LUMO energy levels of compound 9, 10, 11,
9,9'-BF, P3HT and PC4 BM
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Fig. 13 Structure of 9,9’-bifluorenylidene derivative (24) as hole-

transporting material %’
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Table 1 Photophysical data of the related 9,9'-bifluorenylidene derivatives and their photovoltaic parameters
Compound )l:::l/ A :'1‘;:/ HOel\é()/ LUMO/eV Eﬂpl/ eV Vo./V /( mA]-Sccm’z ) FF Pholoj{;zlil;zccy(;r;\;ersion Ref.
9,9’-BF 458 513 -5.58 -3.37 2.42 1.07 5.04 0.42 2.28 [53]
9 472 521 -5.64 -3.26 2.38 — — — — [59]
10 388 523 -5.22 -2.85 2.37 — — — — [59]
11 413 512 -5.01 -2.59 2.42 — — — — [59]
13 525 569 -5.30 -3.12 2.18 1.10 3.90 0.40 1.7 [4]
14 475 535 -5.18 -3.49 2.32 0.70 1.20 0.30 0.26 [52]
16 474 530 -5.59 -3.25 2.34 0.71 1.29 0.29 0.27 [54]
17 528 593 -5.80 -3.71 2.09 0.82 9.35 0.46 3.64 [55]
18 459 553 -6.00 -3.76 2.24 0.82 6.99 0.39 2.28 [55]
19 492 530 640 =-5.717 -3.83 1.94 0.90 6.38 0.43 2.46 [56]
20 497 532 640 -5.86 -3.92 1.94 0.87 9.59 0.53 4.43 [56]
21 599 743 -5.51 -3.84 1.67 1.17 7.74 0.60 5.42 [57]
22 600 611 -5.08 -3.05 2.03 0.80 5.75 0.28 1.29 [58]
23 800 588 -5.22 -3.11 2.11 0.79 12.43 0.50 4.94 [58]
24 466 515 -5.09 -2.68 2.41 1.02 22.3 0.77 17.8 [60]
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