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Doping of Organic Semiconductors with Lewis Base Anions: Mechanism,
Applications and Perspectives

Jiang, Dan-Ni Yan, Kang-Rong Li, Chang-Zhi*
(Department of Polymer Science and Engineering, Zhejiang University, Hangzhou 310027, China)

Abstract Doping is an effective method to improve the carrier densities and charge transport capabilities of organic semi-
conductors. In recent years, n-doping of organic semiconductors via Lewis base anions has attracted much attentions of re-
searchers, which takes place under mild condition and controllable fashion, hence exhibiting broad applications in optoelec-
tronics. This perspective focuses on discussing the mechanism of anion-induced electron transfer to semiconductors, summa-
rizing its recent progresses in interfacial materials and doped active layers for optoelectronic devices, as well as analyzing the

future development of this field.
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Figure 1 (a) Molecular mechanism of anion induced electron transfer to organic semiconductors, as well as the influence of solvation and desolvation.
Chemical structures of typical (b) n-semiconductors and (c) n-dopants in AIET doping systems.
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Figure 2 EPR spectra of (a) TCNQ and TCNQ/F  in solution, (b) PCBM and PCBM/F" in solution and solid state. UV-vis-NIR spectra of TBAF-doped
(c) TCNQ and (d) PCBM in solution at varied dopant concentration. Adapted with permission®. Copyright 2013, WILEY-VCH. (e) Calculated poten-
tial-energy surfaces for charge transfer from bromide to fullerene under varied distances. Adapted with permission''". Copyright 2017, American Chemical
Society. (f) Schematic illustration of frontier orbital electron density distribution and energy diagram for electron transfer process (A: uncoupled io-
dide-fullerene pair, B: charge transfer state, C: electron transfer state, D: photoexcited electron transfer state). Adapted with permission!”’. Copyright 2013,
WILEY-VCH.
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Figure 3 (a) Self-doping of fullerene derivatives. (b, ¢) Schematic illus-
tration of FET devices based on semiconducting PC¢BM film and con-
ducting FPI film and (d, e) their transfer curves. Adapted with
permission'. Copyright 2013, Wiley-VCH. Device architecture and J-V
curves of (f) OSCs and (g) PVSCs using different cathode interlayer.
Adapted with permission!. Copyright 2018, Royal Society of Chemis-
try.

T I 12 7V ) A 1 v T TR T DL R AE AN R
2%, W OFETs. OSCs Al PVSCs(#1/ 3(f, g)). H
B4 E S N H FAEHZ(ETL, electron transporting
layer)7E OSCs H i, AMUEA m o 2R, 03
A VT AR TN BRI RS AT, X LT A S A B S A R
Pl Bis-FIMG A, #£ PBDB-T:ITIC KB, S5{F
P4 R AT PEN-Br (I8 EMILL, BT HB RS
ML= Bis-FIMG J#8CFVEREA e T, A BA T
BEAH X 510 J2 2 B AN s v U, R L S SRR AR T
JE A E A () AR A AN SR, 845 B 1 R X ST 2 R
AU, 60 nm AT REGERF AL AR F AR, Bis-FIMG M.
T PVSCs I ETL, 53 TG4 8 BCP HIZsfFAHEL,

Acta Chim. Sinica 2020, 78, 1287—1296

© 2020 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

ATLUIA S 19.31% M) 6 AR, BR#liE I AR 2
REWIAR M — N EER KT, BAREFH A
I HE G SEA NS FURURIE TR R R K, 3R
5 1 R O FEAR, SRIL T R MR RE AL AN R KB A
HUARPH > ST HAERRSOERL . Hins e /1.
FEAM TR, — K5 E ST ED(E B
TR SR FHAE A AT AR R T 0SCs Al PVSCs HH*,

FET 5 WA I B S AR RS E
W ot ke R FEAG Coo FTLEWD. BTXT & B vk g e i &,
ALl MIGE LT — R AN 45, 455 Mono-FPI. Bis-FPI.
Bis-FIMG 1 Bis-FITG. #514:GeW1% 1 ffi7~. Bis-FPI#
PTDTT-DFBT:PC;BM X FHH L F] 7.66%154%, il
SRR R S A S R, BoRiE R R, mT e
R B IR F] 9%LL E™). Bis-OMeFPI Hi T/ R
TERMEE, RAERERIAEFIR T, Rk nr DUE 2 2 6 %
sl A RS RN L. M H 5/ & PEIE AW BATE
PBDTT-TT:PC;,BM & R H1 45 9.6% 1= X F, &
AL AN LAt 5 F P AR R, EESHEB Coo FTADD
#RL, W PCBDANIML T H A M 4E, PCBDANI
A] DATE HE B/ A A4 57 5T 45 (BHJ, bulk  heterojunction) 5[]
AR TE R AT B, MR 7.69% %R, Hipth— & 41
1BMi Ceo T AWML AS [R] R T R R B0 AIE T H
iR, B35 PCBB-N-I. PCBB-3N-31"7, PCBANX
(X=Cl. Br. D% PCBDANX (X=Br. D)
Ceo-4TPBPY. R B U R R WALt AIET i F2 15 5
()5 L S R E v B e B 2R R R BRI
77,

bR 7T A T B AR DA, BIEFEN GLiE
FR T — RAVAEE WiE S FRESMWAE 5), Wit
TR i (PDI) B A ZE T BE Pl (NDD 2R n RS
AP35 gt e 5 s ST AR [RIRE AT AAE N ETL
FiF OSCs 1 PVSCs, it 175 T ek Kok 2D BR 4 2 i 151
o, HE e R AR A AR L PR R AR,
A PTVEOIN T Jo B A 1) % 52 4% P, AT S B A 1
R F. DL &SI KM NDI L8R AW
PNDIT-F3N-Br A, €& —FRepkm T B K/ E R
fif T, SR Bl NDI #5543 2 1811 [ 5 4 850N
T. PNDIT-F3N-Br {E Jy it se A HLK BH LY ETL, A
PATE 5~100 nm P4 % 2 FEHEAT KT Rl 350 6T PDI
O == = Y R TRy A S 1 o o R
AT LARCN R4 H i ZE AT RE. L PDI-S0 4, itk
PDI S G IE & 7 R M R on s &7 — DR T,
AT s g AL Biia e B2k, s, nreliE
Ak 2R SRR ) R 1 B e R A T 2, X O
PRI NG 2 2 22 T ) T A o A 7 — e 4 1) 7 vk
VSRR T 8 AN [ ST AR A HURES R8T K B
FEL T 1 25 1 .

W 6 fis, 2R emmEE, 40 PEIE. PEL.
PFN-Br, R H S 442, (HEAMDRELE S 80K BH H it

http://sioc-journal.cn 1291



¥ F R

MRE

(a) fulleropyrrolidines

(b) modified Cg, derivatives

Mono-FPI

Bis-OMeFPI

Bis-FIMG

PCBDANI PCBB-3N-31 Cg-4TPB Bis-FPPI
Bl4 AHUAIEERE ARRH R L S BRI S e T A R a) W BRI ot £ AT (b) 1M Coo RTAE.
Figure 4 Chemical structures of fullerene-based conducting interfacial materials (a) fulleropyrrolidines and (b) modified Cgy derivatives in OSCs and
PVSCs.
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Figure 5 Chemical structures of non-fullerene-based conducting interfacial materials in OSCs and PVSCs.
R 1 AHUEERDT A BH e e 8 AN [R] AR S TR R 1 B 24
Table 1 Device parameters of OSCs and PVSCs using different cathode interlayers
Cathode Interlayer Active Layer Voc/V Jsc/(mAscm ?) FF PCE/% Ref.
Mono-FPI PIDT-PhanQ:PC7BM 0.87 11.28 0.64 6.28 [6]
Bis-FPI PIDT-PhanQ:PC7;BM 0.88 11.41 0.66 6.63 [6]
Bis-OMeFPI/PEIE PBDTT-TT:PC;BM 0.80 16.15 0.72 9.62 [9]
Bis-FPPI/PFN-Br PBDB-T:ITIC 0.85 17.09 0.69 10.01 [14]
Bis-FIMG PBDB-T:ITIC 091 16.57 0.72 10.82 [14]
PCBB-N-I PTB7-Th:PC;BM 0.78 17.12 0.63 8.45 [47]
PCBB-3N-31 PTB7-Th:PC;BM 0.78 19.68 0.69 10.62 [47]
ZnO/Cg-4TPB PTB7:PC; BM 0.73 16.84 0.66 8.07 [51]
FN-Cgo HXS-1:PC; BM 0.86 8.74 0.70 5.25 [60]
PCBDANI PBDTTT-C-T:PC7,BM 0.78 17.29 0.57 7.69 [50]
PCe BM/Bis-FIMG MAPbDI; 1.08 22.92 0.80 19.31 [14]
PCe BM/Bis-FITG MAPbDI; 1.07 22.15 0.80 19.01 [14]
Petma OH PSBTBT:PCs;BM 0.61 10.29 0.45 2.86 [53]
PNDIT-F3N-Br PffBT4T-20D:PC;BM 0.77 17.64 0.72 10.11 [39]
PDI-50 PBDTT-TT:PC;BM 0.79 18.02 0.72 10.64 [55]
PEIE P3HT:ICBA 0.81 11.0 0.66 5.9 [36]
PFN-Br PBDT-DTNT:PC; BM 0.75 17.4 0.61 8.4 [34]
TBAA PBDB-T:IT-M 0.92 17.54 0.73 11.78 [58]
TAABr PBDBT-2F:1T-4F 0.86 20.86 0.74 13.18 [59]
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