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High-Performance n-Type Polymers Based on Multiple Electron-
Withdrawing Groups Decorated (E)-1,2-di(thiophen-2-yl)ethene

Building Blocks

MA Jianeng', CHEN Yongsheng, ' CHEN Jiawei, ' TANG Jie,? LI Yanru®, LI Ruiping,® YU Liyang,?*“and

FEI Zhuping™*

The performance of n-type conjugated polymers lags far behind
that of p-type polymers, which significantly restricts the
development of organic electronics. The (E)-1,2-di(thiophen-2-
yl)ethene (TVT) unit, owing to its unique advantages, has been
widely applied in the design of p-type polymer semiconductors.
Previous studies have demonstrated that introducing electron-

withdrawing groups can lower the frontier orbital energy levels of

polymers and enhance electron injection/transporting capabilities.

Based on this, we proposed incorporating multiple electron-
withdrawing groups, such as amide groups, fluorine atoms, and
cyano groups, into the polymer backbones of TVT-based polymer
to facilitate the electron transport. We successfully designed and
synthesized the polymers TVTDA-4FTVT and TVTDA-2F2CNTVT.
Both polymers exhibited low frontier orbital energy levels. Due to
its mixed stacking mode, the organic field-effect transistor (OFET)
device based on TVTDA-4FTVT demonstrated an electron mobility
one order of magnitude higher than that of TVTDA-2F2CNTVT.
TVTDA-4FTVT showed the highest electron mobility of 0.87 cm?

1 Introduction

In recent years, organic electronic devices have witnessed
with  their
comparable to, or even surpassing, that of amorphous silicon

rapid development, performance being
devices in certain aspects.'4l As a typical representative of
organic electronic devices, organic field-effect transistors
(OFETs) exhibit broad potential application prospects in
numerous fields, including radio frequency identification
tags, sensors, flexible wearable devices, complementary
logic  circuits, and display drivers.>"¥l  Organic
semiconductors constitute a pivotal element within OFETs,
with their carrier mobility serving as the crucial determinant
of the devices' performance. Conjugated polymers, with
their distinct advantages such as precise tunability of

structure and function, solution-processability, light weight,

V' s, while TVTDA-2F2CNTVT exhibited the highest electron
mobility of 0.049 cm? V' s7'. Owing to its deeper lowest
unoccupied molecular orbital (LUMO) level, the OFET devices
based on TVTDA-2F2CNTVT showed good air stability after being
placed in a natural environment for 15 days.
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low cost, and ease of large-scale device fabrication, have
been widely applied in organic semiconductor layers.['4-19]
Currently, p-type polymers have achieved relatively mature
development, benefiting from a rich variety of molecular
design strategies.[' 20251 The hole mobility of some D-A type
polymers has even exceeded 10 cm? V-1 s71.26.27 However, the
performance of n-type polymers lags significantly behind
that of p-type polymers, manifesting as low electron
mobility, high threshold voltage, and poor air stability.[3 2%-
31 Given that n-type polymers play an indispensable role in
complementary logic circuits, organic solar cells, and organic
thermoelectrics,?! there is an urgent need to address these
issues to obtain n-type polymers with performance
comparable to that of p-type polymers.
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Scheme 1 (a) Our strategy to design n-type conjugated polymers, R=alkyl chains. (b) The synthetic route to polymers

TVTDA-4FTVT and TVTDA-2F2CNTVT.

The root cause of these problems primarily lies in the
insufficiently low frontier orbital energy levels of the
polymers. To tackle this, electron-withdrawing groups can
be introduced to simultaneously lower the highest occupied
orbital (HOMO)
molecular orbital (LUMO) energy levels of the polymers,

molecular and lowest unoccupied
thereby inhibiting hole injection while promoting electron
injection and transport.’! Amide and imide groups, as
strong electron-withdrawing moieties, exhibit significant
effects in regulating frontier orbital energy levels.[%2
Additionally, side-chain modification on sp3-hybridized
nitrogen atoms can be employed to control molecular self-
assembly behaviour and solution processability.l 331 Over
the past few decades, researchers have designed numerous
different building blocks containing amide and imide

groups, such as PDIP* 351, NDIB6e-381, DPPI3-421, [IDI3 441, and

BTI®47,  for
polymers. The fluorine (F) atom also possesses strong

the development of high-performance
electron affinity, enabling it to lower the frontier orbital

energy levels of polymers without inducing steric
hindrance.8 41 Furthermore, F atoms can induce the
formation of intramolecular F---S and F--H interactions,
enhancing the planarity of the main chain and shortening
the intermolecular n-r stacking distance, thereby facilitating
electron transport rates.l®-%21 The cyano group exhibits even
stronger electron-withdrawing ability than the F atom,
allowing for a substantial reduction in energy levels.?> 42
However, due to its relatively large size, careful
consideration must be given to the selection of substitution
positions.i*

With its extended n-conjugation system and favourable
structural (E)-1,2-di(thiophen-2-

planar characteristics,



yl)ethene (TVT) has become a commonly used fundamental
building block for designing high-performance conjugated
polymers. However, most polymers prepared from TVT
derivatives exhibit p-type or ambipolar performance
characteristics, with only a very small number
demonstrating n-type transport properties.53%”1 In our
previous work, we developed the copolymers based on a
TVT derivative, 2F2CNTVT, and the obtained polymers
displayed purely n-type performance.®® This further
confirmed that introducing multiple electron-withdrawing
groups onto the TVT unit is an effective strategy for
constructing high-performance n-type polymers.

In this work, we introduced amide groups, fluorine atoms,
and cyano groups onto TVT units, and successfully
synthesized two n-type polymers, TVIDA-4FTVT and
TVTDA-2F2CNTVT, by direct arylation polycondensation
(DArP) (Scheme 1). Both polymers exhibited relatively low
frontier orbital energy levels, which was beneficial for
achieving efficient n-type charge injection/transport in
OFETs. The device based on TVIDA-4FTVT exhibited
optimal electron mobility performance at an annealing
temperature of 250 °C, with a maximum electron mobility
reaching 0.87 cm? V! s71, while the device based on TVIDA-
2F2CNTVT achieved a maximum electron mobility of 0.049
cm? V7! st at an annealing temperature of 200 °C. The
electron mobility of TVTDA-4FTVT was an order of
magnitude higher than that of TVTDA-2F2CNTVT,
primarily due to the unique mixed stacking mode of
TVTDA-4FTVT. Compared to TVTDA-4FTVT, the
performance of the TVTDA-2F2CNTVT device showed no
significant degradation after being placed under ambient
conditions for 15 days, demonstrating superior air stability,
which is mainly attributed to the deeper LUMO energy level
of TVIDA-2F2CNTVT. This work provides significant
guidance for the design of n-type polymers that combine
high performance with high air stability.

2 Experimental

2.1 Chemicals and Materials

All chemicals and solvents were purchased from
commercial sources without further purification unless
otherwise indicated. Dichloromethane (DCM) was distilled
from calcium hydride. Tetrahydrofuran (THF) and toluene
were distilled from sodium and benzophenone ketyl under
argon before use.

2.2 Experimental Instruments

NMR spectra were obtained in chloroform (CDCls) with
TMS as the internal reference on a JNM-ECZ600R/S1 (JEOL,

600MHz) or INM-ECZ400S/L. (JEOL, 400MHz). The high-
resolution mass spectrometry (HRMS) was performed on
waters G2-XS Qtof (ionization mode: ESI). Absorption
spectra were recorded on a UV-1900i (SHIMADZU)
spectrophotometer. The electrochemical properties of these
compounds were measured by Cyclic voltammetry on a
CHI760E (SHANGHAICHENHUA). GPC analysis was
recorded on a PL-GPC 220 system using 1,2,4-
trichlorobenzene as the eluent and polystyrene as the
standard at 150 °C. The thermogravimetric analysis (TGA)
was conducted on a TG 209F3 thermogravimetric analyzer
with a heating rate of 10 °C/min at a nitrogen flow.
Differential scanning calorimetry (DSC) was carried out on
a DSC214 polymer differential scanning calorimeter at a
+10 °C/min heating/cooling rate at a nitrogen flow. AFM
measurements are carried out on a Dimension ICON
(Bruker).

2.3 Synthetic Details

The synthetic routes to monomers and polymers, TVTDA-
4FTVT and TVIDA-2F2CNTVT, are shown in Scheme S1
and Scheme 1(b), respectively. The synthesis details of
intermediates are included in the Supporting Information.
4FTVT and 2F2CNTVT were synthesized according to
literatures. 5 5]

2.3.1 Synthesis of TVTDA-4FTVT

The reaction took place in a glovebox that was saturated
with Na2: 4FTVT (25.7 mg, 0.097 mmol) and TVTDA-diBr-
C18 (151.2 mg, 0.097 mmol), Herrmann’s catalyst (1.8 mg,
0.0019 mmol), P(0-MeOPh)s (1.4 mg, 0.0040 mmol), pivalic
acid (9.9 mg, 0.097 mmol), Cs2COs (95.1 mg, 0.29 mmol), and
toluene (7 mL) were added to a 15 mL pressure-proof tube.
After sealing with a cap in a glovebox, the mixture was
stirred at 120 °C for 3 days. Then, the mixture was cooled to
room temperature and was added dropwise to methanol.
The crude polymer underwent filtration and was
subsequently purified through a series of Soxhlet
extractions using methanol, acetone, hexane, and
chloroform as solvents. The chloroform solution was then
concentrated, precipitated into methanol, filtered again, and
finally dried under vacuum conditions to yield TVITDA-
4FTVT (107 mg, yield: 66%). 'H NMR (600 MHz, CDCls)
O(ppm): 7.43-6.46 (broad), 4.92-3.70 (broad), 2.03-1.15
(broad), 1.02-0.87 (broad). GPC: Mn =32 kDa, Mw = 65 kDa,D

= 2.05. Aabs max (fllm) =684 nm.

2.3.2 Synthesis of TVTDA-2F2CNTVT



The reaction took place in a glovebox that was saturated
with N2: 2F2CNTVT (25.0 mg, 0.090 mmol) and TVTDA-
diBr-C18 (139.8 mg, 0.090 mmol), Herrmann'’s catalyst (1.7
mg, 0.0018 mmol), P(o-MeOPh)s (1.3 mg, 0.0037 mmol),
pivalic acid (9.2 mg, 0.090 mmol), Cs2COs (87.9 mg, 0.27
mmol), and toluene (7 mL) were added to a 15 mL pressure-
proof tube. After sealing with a cap in a glovebox, the
mixture was stirred at 120 °C for 3 days. Then, the mixture
was cooled to room temperature and was added dropwise
to methanol. The crude polymer underwent filtration and
was subsequently purified through a series of Soxhlet
extractions using methanol, acetone, hexane, and
chloroform as solvents. The chloroform solution was then
concentrated, precipitated into methanol, filtered again, and
finally dried under vacuum conditions to yield TVTDA-
2F2CNTVT. (128 mg, yield: 85%). '"H NMR (600 MHz, CDCls)
O(ppm): 7.52-6.85 (broad), 4.95-3.77 (broad), 2.04-1.04
(broad), 1.02-0.82 (broad). GPC: Mn =26 kDa, Mw = 67 kDa,D

=2.57. Aabs max (fllm) =730 nm.

3 Results and Discussion

3.1 Synthesis

The detailed synthetic route for the dibromo monomer
TVTDA-diBr-C18 required for the polymerization reaction
is presented in detail in Scheme S1. Similar to our previous
work, 0 high-purity N-alkylthiophen-3-amine (3) was
synthesized through a two-step reaction. Subsequently,
cyclization was achieved via an intermolecular aza-ene
cycloaddition reaction, resulting in the formation of
compound 4. In the subsequent reaction sequence,
compound 4 underwent a series of reactions including
hydrolysis, acyl chlorination, amidation, bromination, and
a palladium-catalyzed C-H bond activation cyclization
reaction, ultimately yielding TVTDA-C18.l The target
dibromo monomer TVTDA-diBr-C18 was obtained by
brominating TVTDA-C18 using N-bromosuccinimide (NBS)
in yields of 69%. We utilized the highly reactive C-H bonds
at the a-position of the thiophene rings in 4FTVT and
2F2CNTVT to carry out a green and efficient DArP with the
dibromo  monomer TVTDA-diBr-C18, successfully
synthesizing the polymers TVTDA-4FTVT and TVTDA-
2F2CNTVT in yields of 66% and 85%, respectively. It should
be particularly noted that introducing fluorine atoms and
cyano groups at the B-positions can effectively avoid
coupling defects that may occur during the process, thereby
preventing these defects from adversely affecting the
polymer properties. The molecular weights of TVTDA-
4FTVT and TVTDA-2F2CNTVT are 32 kDa and 26 kDa,
respectively. The similar molecular weights allow for a fair
comparison of the polymers' performance in subsequent

studies.

3.2 Theoretical Calculations.

To further investigate the chain conformations and energy
levels of these TVIDA-based polymers, density functional
theory (DFT) calculations (Gaussian, B3LYP/6-31G**) were
carried out. For the sake of streamlining the computational
procedure, methyl groups were substituted in place of
lengthy, branched alkyl side chains. The outcomes of these
calculations are visually represented in Fig. 1 and Fig. S1.
Since the distances between F---S, F---H, S---O, and S---H were
all smaller than the sum of their respective van der Waals
radii, multiple non-covalent interactions were present in
both polymers. This resulted in a planar skeletal structure
for each polymer, which was beneficial for charge transport.
Compared to TVTDA-4FTVT, TVTDA-2F2CNTVT
exhibited deeper HOMO and LUMO levels, along with a
narrower bandgap, which can be attributed to the strong
electron-withdrawing effect of the cyano group.
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Fig.1 Top and side view of optimized conformation of

(B3LYP-D3/6-31G(d,p)) methyl-substituted TVTDA-
4FTVT (a) and TVTDA-2F2CNTVT (b).

3.3 Physicochemical properties.

To comprehensively characterize the photophysical

properties of the polymers TVIDA-4FTVT and TVTDA-
2F2CNTVT, we conducted UV-Vis-NIR spectroscopy
absorption tests, and the absorption curves are shown in Fig.
2(a), and the data are summarized in Table 1. In the solution
state, both polymers exhibit relatively broad absorption
bands within the wavelength range of 400-800 nm. This
absorption band can be attributed to the intramolecular
charge transfer (ICT) effect. Specifically, the maximum
absorption wavelengths of TVIDA-4FTVT and TVTDA-
2F2CNTVT in chlorobenzene solution are 670 nm and 717
nm, respectively. Upon film formation, due to the more
compact molecular packing, the maximum absorption
peaks of both polymers exhibit a redshift phenomenon
compared to those in the solution state. Compared to the

TVTDA-4FTVT, the absorption peaks of TVTDA-



2F2CNTVT both in solution and film are located in the
longer wavelengths, which can be attributed to the stronger
electron-withdrawing ability of the cyano groups than that
of the fluorine atoms, and hence enhancing the
intramolecular charge transfer (ICT) effect. Consequently,
the optical bandgap of TVIDA-2F2CNTVT is smaller than
that of TVTDA-4FTVT, which is consistent with the DFT
result. To evaluate the photophysical stability of the
polymers, their dilute chlorobenzene solutions were
exposed to natural light for 24 hours. A comparison of the
UV-Vis-NIR absorption spectra before and after exposure
(Fig. S2) reveals no notable alterations in either spectrum,

indicating that both polymers exhibit good photophysical
stability.

The thermal properties of the two polymers were
characterized using thermogravimetric analysis (TGA) and
differential scanning calorimetry (DSC), with the relevant
results shown in Fig. S3 and 54, respectively. Both TVIDA-
4FTVT and TVTDA-2F2CNTVT exhibit excellent thermal
stability, with decomposition temperatures at 5% weight
loss that are both higher than 440 °C. Within the
temperature range of 50 °C - 200 °C, no obvious phase
transition phenomena are observed in the DSC curves.

Table 1 Physical Properties of TVTDA-4FTVT and TVTDA-2F2CNTVT
o Aabs max Aabs max E , O] (a HOMOb I-U'vl()c
Polymers M, (KDa) b Ts (°C) (sol) (hm)  (film) (nm) (oV) (eV) (V)
TVTDA-4FTVT 32 2.05 444 670 684 1.67 -5.60 -3.93
TVTDA-2F2CNTVT 26 2.57 443 77 730 1.54 -5.73 -4.19

3Fg opt = 1240/ Aonset; "HOMO were calculated from the Cyclic voltammogram (CV) data; LUMO = HOMO — Eg o
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Fig.2 Normalized UV-Vis absorption spectra of the
polymers in chlorobenzene solution and as a film state
(a); Film cyclic voltammograms of the polymers with 0.1
M BusNPFs in acetonitrile solutions under a scan rate of
50 mV/s (b).

To investigate the electrochemical properties of the polymers,
cyclic voltammetry (CV) tests were conducted, with the
relevant results shown in Fig. 2(b) and Table 1. Based on the
oxidation potentials, the HOMO levels of the two polymers
could be calculated. Specifically, the HOMO level of
TVTIDA-4FTVT was -5.60 eV, while that of TVTDA-
2F2CNTVT was -5.73 eV. The LUMO levels of TVTDA-
4FTVT and TVTDA-2F2CNTVT were calculated to be -3.93
and -4.19 eV, respectively. Both polymers possessed deep
frontier orbital energy levels, which endowed them with the
potential to become high-performance n-type polymers.

3.4 Organic Field-Effect Transistor Properties

We evaluated the charge transport characteristics of TVTDA-
4FTVT and TVTDA-2F2CNTVT in top-gate/bottom-contact
(TG/BC) field-effect transistors. On the Si/SiO, substrate, Au
with a thickness of 32 nm was prepared as the source and
drain electrodes through vacuum deposition and was
modified with PEIE to effectively block hole injection. The
polymer chlorobenzene solution with a concentration of 10
mg/mL was spin-coated to deposit the polymer thin film on

the pre-patterned substrate, followed by annealing at
different temperatures. After covering with a PMMA
dielectric layer, Al was patterned using a mask of a specific
size to serve as the gate electrode. The prepared OFET
devices were tested under natural environmental conditions.
Representative output characteristic curves and transfer
characteristic curves are shown in Fig. 3, Fig. S5, and Fig. S6,
respectively, and the relevant data are summarized in Table
2 and Table S1. The transfer curves of both polymers exhibit
relatively small hysteresis. All the curves of |ID /2 versus Vg
show a linear relationship without obvious inflection points,
indicating that the devices have reliable mobilities. %> %3] Due
to their relatively low frontier orbital energy levels, all the
OFET devices based on both polymers exhibit n-type
transport characteristics. For devices based on TVTDA-
4FTVT, when the annealing temperature was increased from
150 °C to 200 °C, their mobility significantly rose from 0.59
cm? V-1 571 to 0.85 ecm? V-1 s7! with Ton/Iott ratios of 10%-10% A
further increase in the annealing temperature to 250 °C had
little impact on the mobility. For devices based on TVTDA-
2F2CNTVT, when the annealing temperature was raised
from 150 °C to 200 °C, the mobility improved from 0.032 cm?
V-1 st to 0.049 cm? V71 s71 with Ion/lott ratios of 104-105.
However, when the annealing temperature was further
increased to 250 °C, the device performance notably declined,
dropping to 0.029 cm? V' s. Compared to TVTDA-
2F2CNTVT, the mobility of TVTDA-4FTVT was an order of
magnitude higher.

The air stability of devices fabricated based on TVTDA-
4FTVT and TVIDA-2F2CNTVT under ambient conditions
(room temperature, relative humidity: 20%-40%) is
presented in Fig. S9. After 15 days, the mobility of TVTDA-
4FTVT was 0.72 cm? V! s7, remaining at 86.7% of the



original value, which indicated its good air stability. For
the device based on TVTDA-2F2CNTVT, its mobility
remained almost unchanged with a value of 0.047 cm? V-1 57!
after being stored under the same conditions for 15 days.
TVTDA-2F2CNTVT exhibited excellent stability, which was
attributed to its deeper LUMO level that helped reduce
electron traps induced by water and oxygen in the air.[%4
(a) wn (B) aaars
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Fig.3 Typical transfer (a, b) and output characteristics
(c, d) of TVTDA-4FTVT (a, c) and TVTDA-2F2CNTVT (b, d)
based on TG/BC configuration OFETs devices annealed
at 200 °C.

3.5 Thin Film Morphology and Microstructure

To delve deeply into the intrinsic relationship between the
thin
performance, systematic characterization of the thin films

microstructure of polymer films and device
was conducted using two-dimensional grazing-incidence
wide-angle X-ray scattering (2D-GIWAX) and atomic force

microscopy (AFM).

Table 2 OFET devices performance of TVTDA-4FTVT
and TVTDA-2F2CNTVT in TG/BC device configuration
annealed at 200 °C

Ue, sat ave Olc, sat max)

Polymers [em? V- s1] Vr (V) Ton/Tofe
TVIDA-4FTVT 0.83£0.01 -24+0.8 10%-10*
(0.85)
0.048+0.001 4105
TVTDA-2F2CNTVT (0.049) -26+0.5 10%-10

The GIWAX test results are presented in Fig. 4 and Fig. S10,
respectively, with the one-dimensional fitting curves shown
in Fig. 511 and the relevant data summarized in Tables S2 to
S7. Comprehensive analysis reveals that, regardless of
variations in the annealing temperature, TVIDA-4FTVT
exhibited a prominent (010) diffraction peak in the out-of-
plane (OOP) direction and multi-level lamellar stacking
peaks (100), (200), and (300) in the in-plane (IP) direction,

accompanied by characteristic m-m stacking peaks
corresponding to (010). These diffraction features confirmed
that TVTDA-4FTVT possessed a mixed stacking mode with
coexisting edge-on and face-on orientations. In contrast,
TVTDA-2F2CNTVT displayed weaker OOP (010) and IP
(h00) peaks, predominantly demonstrating a face-on-
dominated stacking mode. The mixed stacking mode
significantly enhanced electron transport efficiency by
constructing three-dimensional multi-channel pathways for
carrier transport, %] resulting in an electron mobility of
TVIDA-4FTVT that was an order of magnitude higher than
that of TVIDA-2F2CNTVT. For the TVIDA-2F2CNTVT
system, at an annealing temperature of 150 °C, the m-m
stacking distance in the IP direction was 4.05 A, with a
coherence length of 60.4 A. As the annealing temperature
increased to 200 °C and 250 °C, the m-m stacking distance
remained unchanged, while the coherence length increased.
This indicated a significant enhancement in the long-range
order of m-m stacking along the gate-to-drain direction,
thereby facilitating efficient electron transport along the
source-to-drain electric field direction, which was consistent
with the device testing results. For the TVIDA-2F2CNTVT
system, when the annealing temperature was raised from
150 °C to 200 °C, the m-m stacking distance in the OOP
direction shortened from 3.57 A to 3.55 A, and the coherence
length increased from 31.6 Ato319A; simultaneously, the
lamellar stacking distance in the IP direction decreased from
17.30 A to 17.11 A, and the coherence length increased from
146.0 A to 1495 A. These data changes indicated that
annealing at 200 °C promoted tighter molecular
arrangement, effectively facilitating electron interchain
hopping transport and increasing the device mobility to
0.049 cm? V-' 5. However, when the annealing temperature
was further increased to 250 °C, although the m-m stacking
distance continued to shorten to 3.53 A, the lamellar stacking
distances in both the OOP and IP directions exhibited an
increasing trend. This might be attributed to the synergistic
effect of the tighter arrangement of the main chains in the
crystalline regions and a significant increase in the
proportion of the amorphous regions, ultimately leading to
a marked decline in the device performance of TVTDA-
2F2CNTVT.

As depicted in the morphological images presented in Fig. 5
and Fig. S12, the fabricated polymer thin films uniformly
displayed a continuous fibrous microstructure. When
subjected to varying annealing temperatures, both the
TVIDA-4FTVT and TVTDA-2F2CNTVT films demonstrated
comparatively low surface roughness, a characteristic that is

beneficial for facilitating electron transport.

TVTDA4FTVT TVTDA-2F2CNTVT

5 0 5 10 15 20
Qy (A7)

5 0 5 10 15 20
Qy (A7)



Fig.4 Two-dimensional GIWAXS images of TVTDA-
4FTVT (a) and TVTDA-2F2CNTVT (b) films annealed at
200 °C.

(a)

40nm 3.00m

Height Toum

Fig.5 AFM topography images (5 pm x 5 pym) of spin-
coated films of TVTDA-4FTVT (a) and TVTDA-2F2CNTVT
(b) from CB solution (10 mg/mL) and subsequently
annealed at 200 °C.

4 Conclusions

In this study, we designed and successfully synthesized two
polymers, TVTDA-4FTVT and TVTDA-2F2CNTVT, by
incorporating multiple electron-withdrawing groups into

the TVT molecular backbone and utilizing the efficient DArP.

Both polymers exhibited high molecular weights, planar
backbone structure, deep frontier orbital energy levels,
excellent thermal stability, and good photophysical stability.
Notably, thanks to the more pronounced ICT effect induced
by the cyano group, the absorption band of TVTDA-
2F2CNTVT showed a significant red shift compared to that
of TVIDA-4FTVT. The OFET device based on TVTDA-
2F2CNTVT demonstrated the highest electron mobility of
0.049 cm? V-1 s71 at an annealing temperature of 200 °C, while
the OFET device based on TVIDA-4FTVT achieved the
highest electron mobility of 0.87 cm? V! s7! at an annealing
temperature of 250 °C. The electron mobility of the TVTDA-
4FTVT series devices was an order of magnitude higher than
that of the TVTDA-2F2CNTVT series devices. This
significant difference stemmed from the unique mixed
stacking mode of TVITDA-4FTVT. Due to the deeper LUMO
level of TVTDA-2F2CNTVT, the device based on TVTDA-
2F2CNTVT
degradation after being placed in the environment for 15

exhibited no  significant performance
days, demonstrating superior air stability. Our research
provides guidance for the design of n-type polymers that

exhibit both high performance and excellent air stability.
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