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Figure 1 (Color online) Chemical structures of (a) PEDOT:PSS and (b) PEDOT:F; (c) chemical synthesis route of PEDOT:F
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Figure 2 Properties of alcohol-dispersed PEDOT:F conducting polymer'®. (a) Absorbance spectra of ZnO before and after coating aqueous PEDOT:
PSS and alcohol-dispersed PEDOT:F; (b) contact angles of water droplets on PEDOT:PSS and PEDOT:F films and pictures of the films immersed into
water; (c¢) J-V curves (top) and light stability (bottom) of organic solar cells with AgNWs isopropanol solution electrodes blade-coated on top of
PEDOT:F films®; (d) contact angles of aqueous PEDOT:PSS and alcohol-dispersed PEDOT:F on active layers; (e) transmittance spectra and (f) work
functions of PEDOT:PSS and PEDOT:F films; (g) schematic structure of conductivity measurement (top), and resistance of films as a function of

measure channel length (bottom) for PEDOT:PSS and PEDOT:F films
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Fofsi), A] S EEAHPEDOT:FHL S . ani&l2(g) i
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JE. PFSAFRZS )37 BHAIN B s 70 () ERGH 4 2 v READ
HIPEDOTHEM H 4138, FEERM FTBRMAL. AR
W R SRR, AR T LR RS (1) 4 F
BT, FFA i R AR % A A 4 U B o, ot
EDOT#ATIIREALE i LISt nmek () A F k. 2) EAK
W&, 55 HL S PEDOT: PSSR, 5 | ABRGIK I A
RESFBEML. AT, Wi A — R IR A
PEDOT:F5 Z BEAHPEDOT:PSSE 4, IS F
R 3K529.6+16.3 S/em Y EN AR, AT AR 4 BN R
PRALH IR T A7 b 52 eL

2.6 [BEAHPEDOT:FHLME

SHRBEAEYEA S FRIRVIME RS, 1
A BICARAE E LR A K R L/ A= W v A5 SR R
T EA T R B RIS SR, DL PR (s
A PrEfbih)HEE S TR A, 2
Ao T 2E T P ) 5 0 T A ST RS LR
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YRR Z A CW B THI AR, FEsh BP0
5| R FE A, Ak — T HA U RE, Aok
AT FPEODT: o s 5 1 4 J2 Y A 22 ] A 5L 1 A A
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Figure 3 Application of alcohol-dispersed PEDOT:F in rigid organic photovoltaic devices. (a—d) Applications in fully-printed organic solar cells

[22].

(a) device structure; (b) universality of PEDOT:F in devices with different organic photoactive layers; performance of organic solar cells based on

PEDOT:F with (c) different thicknesses and (d) different annealing temperatures. (e, f) Applications in large-area organic solar cell modules

[28].

(e) device structure; (f) optical image of the module. (g) NREL efficiency record chart of organic solar cell modules
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Figure 4 Application of composite electrodes based on highly conductive PEDOT:PSS and alcohol-dispersed PEDOT:F in rigid organic photovoltaic
devices. (a—c) Applications of PEDOT:F/PEDOT:PSS transfer electrodes in organic solar cells®™: (a) schematic diagram of preparation process for
PEDOT:F/PEDOT:PSS top electrodes, (b) electrical and optical properties of PEDOT:F/PEDOT:PSS, (c) device performance of organic solar cells;
(d-g) Applications of e-PEDOT:PSS in organic solar cells!': (d) schematic diagram of preparation process for e-PEDOT:PSS electrodes, (e)
formulation optimization of e-PEDOT:PSS electrodes, (f) electrical and optical properties of e-PEDOT:PSS electrodes, (g) module structure diagram

and device performance of organic solar cells
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Figure 5 Application of alcohol-dispersed PEDOT:F in flexible organic photovoltaic devices. (a) Structure diagram, photovoltaic performance of
single device and physical diagram of organic photovoltaic module based on PET flexible substrate™”’; (b) application of cross-linked PEDOT:F in
organic photovoltaic module based on PET flexible substrate: schematic diagram of cross-linked PEDOT:F, photovoltaic performance of single device
and module picture™; (c) structure diagram, device performance and module picture based on AgNWs-em-PI flexible substrate!*]
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Figure 6 (a—c) Applications of alcohol-dispersed PEDOT:F in high-throughput R2R production of flexible organic photovoltaic devices””: (a) device
structure diagram; (b) energy level diagram of each functional layer of the device; (c) optical image and process schematic diagram of flexible organic
solar cells fabricated via high-throughput R2R production. (d, e) Applications of alcohol-dispersible PEDOT:F conductive polymers in stretchable
flexible organic solar cells™®: (d) device structure diagram; (e) photovoltaic and mechanical properties of the stretchable device
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Figure 7 (a—d) Application of alcohol-dispersed PEDOT:F in perovskite photovoltaic devices: (a) device structure diagram of PEDOT:F between the
perovskite active layer and the Spiro-OMeTAD layer, and (b) corresponding photovoltaic performance and device stability!?; (c) device structure
diagram of PEDOT:F between the Spiro-OMeTAD hole transport layer and the AgNWs solution top electrode, and (d) corresponding photovoltaic
performance of the device, and contact angles of water on Spiro-OMeTAD and PEDOT:F films™**!. (e, f) Application of alcohol-dispersed PEDOT:F in
silicon heterojunction photovoltaic devices*": (e) device structure diagram and (f) corresponding photovoltaic performance and device stability
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Figure 8 (a, b) Application of alcohol-dispersed PEDOT:F in perovskite-organic tandem photovoltaic devices'*™: (a) structure diagram of the
interconnection layer, contact angles of water on MoO, and PEDOT:F films, and corresponding surface energy of the films; (b) schematic diagram of
PEDOT:F film regulating the evaporation of Au atoms in the upper layer. (c—f) Application of alcohol-dispersed PEDOT:F in organic-organic tandem
photovoltaic devices™®”: (c) optical transmittance, work function, and electrical conductivity of the PEDOT:F/ZnO NPs interconnection layer;

(d) structure diagram of the two-junction and three-junction tandem cells, and corresponding photovoltaic performance of the (e) two-junction tandem
cell and (f) three-junction tandem cell
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Alcohol-dispersed conducting polymer PEDOT:F formulation:
synthesis, properties, and applications
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Wuhan National Laboratory for Optoelectronics (WNLO), Huazhong University of Science and Technology, Wuhan 430074, China
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Conductive polymers have emerged as pivotal materials that bridge conventional substrates with advanced optoelectronic
and energy devices, among which poly(3,4-ethylenedioxythiophene):poly(styrenesulfonate) (PEDOT:PSS) has been the
most extensively studied and widely applied. Nevertheless, PEDOT:PSS aqueous dispersions are plagued by several
inherent shortcomings, including poor wettability on hydrophobic substrates, strong acidity that corrodes electrodes, and
high hygroscopicity leading to device degradation. These limitations have significantly constrained their broader adoption.
Consequently, the development of stable, high-performance alcohol-dispersed PEDOT formulations has become a critical
scientific issue and a key technological challenge in the field of conductive polymers.

To address these challenges, researchers have developed PEDOT:F—a novel alcohol-dispersible conductive polymer
system. It is synthesized via oxidative polymerization of EDOT in water using perfluorosulfonic acid ionomer (PFSA) as
both counterion and dispersant, followed by purification and redispersion in alcohols. PFSA exhibits unique dual solubility
parameters, enabling excellent dispersibility in both aqueous and alcoholic media, thereby overcoming the alcohol-
insolubility bottleneck inherent to PSS. The resulting PEDOT:F alcohol dispersions demonstrate superior wettability on
hydrophobic surfaces and are highly compatible with various printing techniques such as blade coating, inkjet printing, and
roll-to-roll processing. The derived films retain high optical transparency, offer tunable work function and conductivity
through adjustment of the PEDOT:PFSA ratio, and exhibit exceptional moisture resistance owing to the hydrophobic
fluorocarbon segments in PFSA. This review systematically summarizes the synthesis, fundamental properties, and
photovoltaic applications of PEDOT:F, highlighting its role in advancing next-generation optoelectronic technologies.

In photovoltaic applications, PEDOT:F has demonstrated transformative potential across diverse device architectures.
For organic photovoltaics (OPVs), it enables the fabrication of large-area, fully printed modules with high performance,
offering excellent compatibility with solution processes while ensuring uniform film formation on hydrophobic substrates.
It also facilitates the development of flexible and stretchable organic devices by maintaining electrical and mechanical
stability under deformation, thereby unlocking opportunities in wearable energy systems. In perovskite solar cells (PSCs),
PEDOT:F serves as an efficient hole transport layer that passivates surface defects, reduces recombination losses, and
enhances long-term stability through its moisture-resistant nature—all achievable via low-cost solution processing.
Moreover, PEDOT:F functions effectively as a hole-selective contact in silicon heterojunction cells and as a reliable
interconnect layer in tandem configurations, promoting efficient charge transfer between sub-cells. Its versatile
performance underscores its pivotal role in advancing high-performance and durable solar technologies.

The future development of alcohol-dispersible PEDOT conductive polymers hinges on molecular design strategies aimed
at achieving higher conductivity and broader applicability. Currently, the conductivity of PEDOT:F is limited by the
relatively low sulfonate density in PFSA counter-anions, restricting its use primarily to hole transport layers. Innovations
such as novel perfluoropolymer counter-anions, chemical modification of EDOT, and the development of alcohol-stable
oxidants are needed to optimize both conductivity and synthetic routes. Beyond photovoltaics, PEDOT:F holds
considerable promise for applications in solid-state capacitors, flexible displays, bioelectronics, and energy storage
devices, leveraging its advantageous properties—including hydrophobicity, weak acidity, excellent wettability, and
environmental stability.

conductive polymer, PEDOT, alcohol-phase dispersion, all-solution printing, flexible photovoltaic, interface
stability, perfluorosulfonic acid ionic polymer
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