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Abstract: Porphyrin-based molecules have been widely
used in dye-sensitized solar cells and bulk heterojunction
solar cells, but their application in field-effect transistors
(FETs) is limited. In this work, two conjugated polymers
based on diketopyrrolopyrrole and porphyrin units were
developed for FETs. The polymers exhibit extra-low band
gap with energy levels close to �4.0 eV and �5.0 eV due
to the strong electron-donating and withdrawing ability
of porphyrin and diketopyrrolopyrrole. With additionally
high crystalline properties, ambipolar charge carrier trans-
ports with a hole mobility of 0.1 cm2 V�1 s�1 in FETs were
realized in these polymers, representing the highest per-
formance in solution-processed FETs based on porphyrin
unit.

Organic field-effect transistors (OFETs) as the components to
build organic electric devices, such as electronic skin, electronic
paper, sensor and organic RFID tag, have received tremendous
attention in recent years.[1] Solution-processed conjugated
polymers with high molecular weight and viscosity are able to
apply into roll to roll printing technique, providing the advant-
age to realize large-area flexible OFET devices.[2] Conjugated
polymers with “donor-acceptor” structures have been explored
toward high charge carrier mobilities.[3] While many conjugated
polymers have shown high hole/electron mobility,[4] the study
of conjugated polymers with ambipolar charge transport has
been lagged behind.[5] Since the transistors that transport hole

and electron in single-component material have some particu-
lar application, such as CMOS-like circuits[6] and light-emitting
transistors,[7] it is important to explore new conjugated poly-
mers with high ambipolar mobilities.

Frontier energy alignment is the crucial parameter to realize
both hole and electron transport in one conjugated polymer,
due to charge injection between conjugated polymers and
electrodes.[8] In OFET devices with gold as source and drain
electrode, the highest occupied molecular orbital (HOMO) and
lowest unoccupied molecular orbital (LUMO) levels close to
�5.0 eV and �4.0 eV are beneficial for hole and electron injec-
tion. This indicates that conjugated polymers with extra-low
band gaps approaching 1.0 eV are the candidates to realize
ambipolar FETs. One design strategy to lower the band gap
and realize these energy levels is to use “acceptor-acceptor”
structure, in which two electron-deficient units are incorporat-
ed into conjugated polymers.[5d, e, 9] For example, by using
strong electron-deficient diketopyrrolopyrrole (DPP) and ben-
zothiadiazole, the corresponding conjugated polymer exhibit-
ed a small band gap of 1.2 eV with HOMO and LUMO levels of
�5.2 eV and �4.0 eV, consequently resulting in high hole and
electron mobilities of 0.35 cm2 V�1 s�1 and 0.40 cm2 V�1 s�1.[5d]

Another route to realize small band gap is to use strong elec-
tron-deficient and electron-rich units to construct conjugated
polymers, in which the HOMO levels are usually close to
�5.0 eV.[10] However, the LUMO levels of this kind of polymers
are positioned far away from �4.0 eV, resulting in hole-only
FETs. Therefore, a rational selection of alternating building
blocks for “donor-acceptor” polymers is important to realize
ambipolar transistors.

Porphyrin (Por) is a strong electron-rich unit that has been
used to build small band gap conjugated materials for applica-
tion in organic electronics.[11] However, porphyrin-based conju-
gated polymers have been rarely reported in FETs, which is
possibly due to their low hole mobility below
10�4 cm2 V�1 s�1.[12] Since porphyrin based small molecules as
electron-donor[11b] or electron acceptor[11d] have been success-
fully applied in organic solar cells with high photon-conversion
efficiencies and broad photo-response up to 900 nm, these re-
sults indicate that porphyrin can be potentially used as hole/
electron transporting materials in FETs. In this work, we devel-
op two conjugated polymers containing DPP and porphyrin
units connected by thiophene or thiazole, and their charge
transport properties in FETs were symmetrically studied. The
ambipolar FETs based on the polymers were obtained, in

[a] S. Zhou, Y. Yu, Prof. Y. Wu
College of Chemistry and Environmental Science
Hebei University
Baoding 071002 (P. R. China)
E-mail : wuyonggang@hbu.edu.cn

[b] S. Zhou, Dr. C. Li, Y. Yu, A. Zhang, Prof. W. Li
Beijing National Laboratory for Molecular Sciences
AS Key Laboratory of Organic Solids
Institute of Chemistry, Chinese Academy of Sciences
Beijing 100190 (P. R. China)
E-mail : licheng1987@iccas.ac.cn

liweiwei@iccas.ac.cn

[c] Dr. J. Zhang
National Center for Nanoscience and Technology
Beijing 100190 (P. R. China)

Supporting information and the ORCID identification number(s) for the au-
thor(s) of this article can be found under https ://doi.org/10.1002/
asia.201700472.

Chem. Asian J. 2017, 00, 0 – 0 � 2017 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim1 &&

These are not the final page numbers! ��

CommunicationDOI: 10.1002/asia.201700472

http://orcid.org/0000-0002-7329-4236
http://orcid.org/0000-0002-7329-4236
https://doi.org/10.1002/asia.201700472
https://doi.org/10.1002/asia.201700472
����<?up><?tic=Keine><?tvs=-9dd><?trubyboff=-2h><?trubybth=1h><?ruby=1><?trubyfmt=1><?rt=1><?tdw=32mm><?th=35dd>H<?rt><?ruby><?down>���<?tvs=-0.7mm><$>\vskip-0.1mm\raster(25truemm,p)=


which the hole mobility of 0.1 cm2 V�1 s�1 represents the high-
est mobility in porphyrin-based conjugated polymers.

The chemical structure and the synthetic routes of the two
polymers are shown in Scheme 1. We select thiophene or thia-

zole as bridge to construct the polymers, since thiazole is able
to effectively lower the energy levels of the polymers.[13] Thio-
phene-based polymer PDPP2TPor was synthesized via Sonoga-
shira polymerization by using ethynyl-linked DPP-based mono-
mer M1 and dibromono-Por monomer M2, while thiazole-con-
tained polymer PDPP2TzPor was prepared by using dibromo-
DPP monomer M3 and ethynyl-Por monomer M4. The attempt
to synthesis ethynyl-thiazole DPP monomer from the monomer
M3 was failed. It is worthy to mention that conjugated poly-
mers with the same backbone as PDPP2TPor have been report-
ed for application in organic solar cells.[14] The polymers show
good solubility in CHCl3 and chlorobenzene. The molecular
weight of the polymers was determined by gel permeation
chromatography (GPC) measurement with ortho-dichloroben-
zene (o-DCB) as eluent under 140 8C as shown in Figure S1 and
S2 in the supporting information and the data was summar-
ized at Table 1. PDPP2TPor and PDPP2TzPor have the peak mo-
lecular weight (Mp) of 29.3 kg mol�1 and 17.4 kg mol�1, but the
polydispersity index (PDI) was relatively high. Therefore, the
number average molecular weight (Mn) was relatively low,

which was due to the small molecular weight fraction in the
polymers (Figure S1 and S2). Since we apply high temperature
GPC and low concentration (0.1 mg mL�1) to perform molecular
weight measurement, we infer that high molecular weight
fraction is not from the aggregation. Therefore, we infer that
PDPP1 and PDPP2 have high molecular weight fractions along
with some oligomers.

The two polymers perform broad absorption spectra from
300 nm to 1000 nm with three distinct regions, in which the
region in 400–500 nm can attribute to the Soret-band of por-
phyrin (Region I), and the near-infrared absorption between
650 nm and 1000 nm (Region II) was due to the intramolecular
interaction of DPP and Por. The region around 550 nm has
weak intensity, which may be due to the Q-bands of porphyrin
(Figure 1). Although the two polymers perform similar optical
band gap (Eg) of 1.29 eV and 1.26 eV (Table 1), the relative in-
tensity between Region I and Region II is different (Figure 1).
PDPP2TPor shows high absorption intensity at Region II, indi-
cating that thiophene unit can facilitate the intramolecular
charge transfer between DPP and Por unit compared to thia-
zole.

Frontier energy levels of the polymers determined by cyclic
voltammetry measurement were shown in Figure S3 in the
Supporting Information and the data was summarized at
Table 1. HOMO levels calculated from oxidation potential are
�5.28 eV and �5.34 eV for PDPP2TPor and PDPP2TzPor, and
LUMO levels were �3.99 eV and �4.08 eV as determined by
HOMO levels and Eg. PDPP2TzPor shows low-lying energy
levels compared to those of PDPP2TPor, which is due to the
electron-negative thiazole units. Both of the polymers desire
HOMO levels close to �5.0 eV and LUMO levels around
�4.0 eV, which would be beneficial for ambipolar charge trans-
port.

The charge transport properties of the polymers were stud-
ied by fabricating FET devices with bottom-gate bottom-con-
tact (BGBC) configuration, and the detailed experimental pro-
cedure was shown in the Supporting Information. The polymer
thin films were solution-processed from CHCl3 with 10 % o-DCB
onto the OTS-modified Si/SiO2 substrate. The thin films were

Scheme 1. Chemical structures of the DPP-Por polymers and their synthetic
routes. (i) Sonogashira polymerization by using Pd(PPh3)4, CuI and diisopro-
pylamine in THF at 80 8C.

Table 1. Molecular weight, optical and electrochemical properties of the
DPP-Por polymers.

Polymer Mp
[a]

[kg mol�1]
Eg

film

[eV]
EHOMO

[b]

[eV]
ELUMO

[c]

[eV]

PDPP2TPor 29.3 1.29 �5.28 �3.99
PDPP2TzPor 17.4 1.26 �5.34 �4.08

[a] Determined by GPC at 140 8C using o-DCB as the eluent. [b] Estimated
from the onset potential of the first oxidation wave using a work function
value of �4.8 eV for Fc/Fc+ . [c] Determined as EHOMO + Eg

film.

Figure 1. Optical absorption spectra of PDPP2TPor and PDPP2TzPor in CHCl3

(solid lines) and in thin films (dashed lines).
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thermal-annealed at different temperature in order to achieve
optimized mobility (Figure S4, Table S1 and S2). Both of the
polymers perform the best hole and electron mobilities under
thermal annealing at 200 8C (Table 2, Figure 2). The improved
mobility at this annealing temperature may be due to better
crystallization of the polymers with ordered structures as
shown in atomic force microscopy (AFM) images in Figure S5
in the Supporting Information.

A high hole mobility of 0.1 cm2 V�1 s�1 and electron mobility
of 0.004 cm2 V�1 s�1 could be obtained for the polymer
PDPP2TPor, while PDPP2TzPor exhibits relatively low hole mo-
bility of 0.017 cm2 V�1 s�1 and electron mobility of
0.002 cm2 V�1 s�1 in FET devices. To the best of our knowledge,
this is the first time for porphyrin-based polymer to achieve
ambipolar transistors and also 0.1 cm2 V�1 s�1 in PDPP2TPor

represents the highest hole mobility based on porphyrin-con-
tained polymers.[12] The low hole mobility and electron mobili-
ty in PDPP2TzPor is possibly due to the low molecular
weight,[15] deep HOMO levels[16] or the preferentially “face-on”
orientation of the polymers in thin films as discussed below.[17]

Crystalline properties of the polymer thin films have the sig-
nificant impact on the FET mobility, so we use atomic force mi-
croscopy (AFM) and grazing-incidence wide-angle X-ray scat-
tering (GIWAXS) techniques to study the PDPP2TPor and
PDPP2TzPor based thin films, as shown in Figure 3. AFM shows

the phase separated information on the surface of thin films,
and both of the polymers were found to have small domain re-
gions, indicating the crystalline polymers in thin films. This can
be further confirmed by GIWAXS measurement in Figure 3 c–f.
The polymer PDPP2TPor performs high diffraction peaks (100)
both at out-of-plane and in-plane direction, corresponding to
the lamellar stacking of alkyl side chains with d-spacing of
22.4 � (Table 2). High ordered diffraction peak (200) can be ob-
served at in-plane direction, indicating the good crystalline
property of PDPP2TPor. A broad diffraction peak (010) is pre-
sented at out-of-plane direction, corresponding to the p–p

stacking of conjugated backbone with d-spacing of 4.1 �. The
results reveal that PDPP2TPor performs mixed orientation of
“edge-on” and “face-on” stacking. PDPP2TzPor has similar (100)
and (010) diffraction peaks at out-of-plane direction, and (100)
and (200) at in-plane direction as PDPP2TPor. In addition, the

Figure 2. Transfer curves obtained from BGBC FET devices. (a, b) PDPP2TPor,
(c, d) PDPP2TzPor, (a, c) for hole mobility calculation, (b, d) for electron mobi-
lity calculation, The blue lines are used for mobility calculations.

Figure 3. Characteristics of the polymer thin films spin coated from CHCl3

with 10 % o-DCB and thermally annealed at 200 8C for 10 min. (a, b) AFM
height image (3 � 3 mm2). (c, d) GIWAXS patterns, and (e, f) the out-of-plane
and in-plane cuts of the corresponding GIWAXS patterns.

Table 2. Hole and electron mobility of the polymers based on field-effect
transistors and their crystalline properties in thin films.

Polymer mh
[a]

[cm2 V�1 s�1]
me

[cm2 V�1 s�1]
d(100)[b]

[�]
d(010)[c]

[�]

PDPP2TPor 0.1 0.004 22.4 4.1
PDPP2TzPor 0.017 0.002 25.1 3.9

[a] The average hole mobilities from eight devices for PDPP2TPor and
PDPP2TzPor were 0.084 cm2 V�1 s�1 and 0.015 cm2 V�1 s�1. [b] Calculated
from q values as 0.28 ��1 and 0.25 ��1 for PDPP2TPor and PDPP2TzPor.
[c] Calculated from q values as 1.55 ��1 and 1.62 ��1 for PDPP2TPor and
PDPP2TzPor. The thin films were spin coated from CHCl3 with 10 % o-DCB
and thermal annealed at 200 8C for 10 min before measurement.
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intensity of (100) peak at in-plane direction is much higher
than that at out-of-plane direction, indicating that PDPP2TzPor
has the tendency to form “face-on” orientation in thin films.
The d-spacings of the lamellar stacking and p–p stacking is
25.1 � and 3.9 � for PDPP2TzPor, revealing its condensed p–p

stacking compared with PDPP2TPor. We also observed that
PDPP2TPor showed clear diffraction peak (010) compared to
that of PDPP2TzPor, corresponding to the large crystal correla-
tion length (0.9 nm vs. 0.5 nm) calculated from the full width
at half maximum values. This may facilitate the charge trans-
port via the p–p stacking direction, partially responsible for
the high mobility in PDPP2TPor. GIWAXS results demonstrate
that porphyrin with large p-conjugated cycles can provide
good crystalline property for their conjugated polymers, and
hence are able to realize high charge transport in FETs.

In conclusion, two conjugated polymers containing electron-
deficient DPP unit and electron-rich porphyrin unit were devel-
oped for application in FETs. The two polymers exhibit HOMO
and LUMO levels around �5.3 eV and �4.0 eV, and good crys-
tallinity as evidenced by GIWAXS measurement. These proper-
ties enable the two polymers exhibit ambipolar charge trans-
port in FET devices, including the highest hole mobility of
0.1 cm2 V�1 s�1 among porphyrin-based conjugated polymers.
The results show the potential application of porphyrin unit
into high performance FETs.

Acknowledgements

We thank Ruurd Heuvel and Qiang Wang at Eindhoven Univer-
sity of Technology (TU/e, Netherlands) for GPC analysis. This
work was supported by the Recruitment Program of Global
Youth Experts of China. The work was further supported by
the National Natural Science Foundation of China (21574138,
51603209, 91633301, 21474026) and the Strategic Priority Re-
search Program (XDB12030200) of the Chinese Academy of Sci-
ences.

Conflict of interest

The authors declare no conflict of interest.

Keywords: ambipolar mobility · conjugation · field-effect
transistors · polymers · porphyrinoids

[1] a) H. Sirringhaus, Adv. Mater. 2014, 26, 1319 – 1335; b) J. Xu, S. Wang, G.-
J. N. Wang, C. Zhu, S. Luo, L. Jin, X. Gu, S. Chen, V. R. Feig, J. W. F. To, S.
Rondeau-Gagn�, J. Park, B. C. Schroeder, C. Lu, J. Y. Oh, Y. Wang, Y.-H.
Kim, H. Yan, R. Sinclair, D. Zhou, G. Xue, B. Murmann, C. Linder, W. Cai,
J. B.-H. Tok, J. W. Chung, Z. Bao, Science 2017, 355, 59 – 64; c) T. Someya,
T. Sekitani, S. Iba, Y. Kato, H. Kawaguchi, T. Sakurai, Proc. Natl. Acad. Sci.
USA 2004, 101, 9966 – 9970; d) C. Zhang, P. Chen, W. Hu, Chem. Soc. Rev.
2015, 44, 2087 – 2107.

[2] a) H. Yan, Z. Chen, Y. Zheng, C. Newman, J. R. Quinn, F. Dotz, M. Kastler,
A. Facchetti, Nature 2009, 457, 679 – 686; b) H. Sirringhaus, T. Kawase,
R. H. Friend, T. Shimoda, M. Inbasekaran, W. Wu, E. P. Woo, Science 2000,
290, 2123 – 2126.

[3] Y. J. Cheng, S. H. Yang, C. S. Hsu, Chem. Rev. 2009, 109, 5868 – 5923.
[4] a) Y. Ji, C. Xiao, Q. Wang, J. Zhang, C. Li, Y. Wu, Z. Wei, X. Zhan, W. Hu, Z.

Wang, R. A. J. Janssen, W. Li, Adv. Mater. 2016, 28, 943 – 950; b) J. Y. Back,
H. Yu, I. Song, I. Kang, H. Ahn, T. J. Shin, S.-K. Kwon, J. H. Oh, Y.-H. Kim,
Chem. Mater. 2015, 27, 1732 – 1739; c) H. H. Choi, J. Y. Baek, E. Song, B.
Kang, K. Cho, S.-K. Kwon, Y.-H. Kim, Adv. Mater. 2015, 27, 3626 – 3631;
d) B. Nketia-Yawson, H. S. Lee, D. Seo, Y. Yoon, W. T. Park, K. Kwak, H. J.
Son, B. Kim, Y. Y. Noh, Adv. Mater. 2015, 27, 3045 – 3052; e) T. Lei, X. Xia,
J.-Y. Wang, C.-J. Liu, J. Pei, J. Am. Chem. Soc. 2014, 136, 2135 – 2141; f) B.
Sun, W. Hong, Z. Yan, H. Aziz, Y. Li, Adv. Mater. 2014, 26, 2636 – 2642;
g) H.-J. Yun, S.-J. Kang, Y. Xu, S. O. Kim, Y.-H. Kim, Y.-Y. Noh, S.-K. Kwon,
Adv. Mater. 2014, 26, 7300 – 7307; h) C. Lu, W.-C. Chen, Chem. Asian J.
2013, 8, 2813 – 2821; i) Z. Y. Zhao, Z. H. Yin, H. J. Chen, L. P. Zheng, C. G.
Zhu, L. Zhang, S. T. Tan, H. L. Wang, Y. L. Guo, Q. X. Tang, Y. Q. Liu, Adv.
Mater. 2017, 29, 1602410.

[5] a) R. Stalder, S. R. Puniredd, M. R. Hansen, U. Koldemir, C. Grand, W. Za-
jaczkowski, K. M�llen, W. Pisula, J. R. Reynolds, Chem. Mater. 2016, 28,
1286 – 1297; b) T. Lei, J.-H. Dou, Z.-J. Ma, C.-H. Yao, C.-J. Liu, J.-Y. Wang, J.
Pei, J. Am. Chem. Soc. 2012, 134, 20025 – 20028; c) C. Xiao, G. Zhao, A.
Zhang, W. Jiang, R. A. J. Janssen, W. Li, W. Hu, Z. Wang, Adv. Mater.
2015, 27, 4963 – 4968; d) P. Sonar, S. P. Singh, Y. Li, M. S. Soh, A. Dodaba-
lapur, Adv. Mater. 2010, 22, 5409 – 5413; e) Y. Ji, C. Xiao, G. H. L. Heintg-
es, Y. Wu, R. A. J. Janssen, D. Zhang, W. Hu, Z. Wang, W. Li, J. Polym. Sci.
Part A 2016, 54, 34 – 38.

[6] F. S. Kim, X. G. Guo, M. D. Watson, S. A. Jenekhe, Adv. Mater. 2010, 22,
478 – 482.

[7] R. Capelli, S. Toffanin, G. Generali, H. Usta, A. Facchetti, M. Muccini, Nat.
Mater. 2010, 9, 496 – 503.

[8] D. Natali, M. Caironi, Adv. Mater. 2012, 24, 1357 – 1387.
[9] a) S. Cho, J. Lee, M. H. Tong, J. H. Seo, C. Yang, Adv. Funct. Mater. 2011,

21, 1910 – 1916; b) F. Yang, C. Li, G. Feng, X. Jiang, A. Zhang, W. Li, Chin.
J. Polym. Sci. 2017, 35, 239 – 248.

[10] a) K. H. Hendriks, W. Li, M. M. Wienk, R. A. J. Janssen, J. Am. Chem. Soc.
2014, 136, 12130 – 12136; b) E. J. Zhou, J. Z. Cong, K. Hashimoto, K.
Tajima, Energy Environ. Sci. 2012, 5, 9756 – 9759.

[11] a) S. Mathew, A. Yella, P. Gao, R. Humphry-Baker, F. E. CurchodBasile, N.
Ashari-Astani, I. Tavernelli, U. Rothlisberger, K. NazeeruddinMd, M. Gr�t-
zel, Nat. Chem. 2014, 6, 242 – 247; b) K. Gao, L. Li, T. Lai, L. Xiao, Y.
Huang, F. Huang, J. Peng, Y. Cao, F. Liu, T. P. Russell, R. A. J. Janssen, X.
Peng, J. Am. Chem. Soc. 2015, 137, 7282 – 7285; c) J. Kesters, P. Verstap-
pen, M. Kelchtermans, L. Lutsen, D. Vanderzande, W. Maes, Adv. Energy
Mater. 2015, 5, 1500218; d) A. Zhang, C. Li, F. Yang, J. Zhang, Z. Wang,
Z. Wei, W. Li, Angew. Chem. Int. Ed. 2017, 56, 2694 – 2698; e) M. Urbani,
M. Gr�tzel, M. K. Nazeeruddin, T. Torres, Chem. Rev. 2014, 114, 12330 –
12396; f) M. H. Hoang, Y. Kim, M. Kim, K. H. Kim, T. W. Lee, D. N. Nguyen,
S.-J. Kim, K. Lee, S. J. Lee, D. H. Choi, Adv. Mater. 2012, 24, 5363 – 5367.

[12] a) X. Huang, C. Zhu, S. Zhang, W. Li, Y. Guo, X. Zhan, Y. Liu, Z. Bo, Macro-
molecules 2008, 41, 6895 – 6902; b) X. Wang, Y. Wen, H. Luo, G. Yu, X. Li,
Y. Liu, H. Wang, Polymer 2012, 53, 1864 – 1869.

[13] a) W. Li, W. S. C. Roelofs, M. Turbiez, M. M. Wienk, R. A. J. Janssen, Adv.
Mater. 2014, 26, 3304 – 3309; b) C. J. Kudla, D. Dolfen, K. J. Schottler, J.-
M. Koenen, D. Breusov, S. Allard, U. Scherf, Macromolecules 2010, 43,
7864 – 7867.

[14] a) X. Peng, Y. Huang, L. Li, Y. Cao, J. Photonics Energy 2014, 5, 057202 –
057202; b) L. Bucher, L. Tanguy, D. Fortin, N. Desbois, P. D. Harvey, G. D.
Sharma, C. P. Gros, ChemPlusChem 2017, https://doi.org/10.1002/
cplu.201700035.

[15] A. Gasperini, K. Sivula, Macromolecules 2013, 46, 9349 – 9358.
[16] A. Zhang, C. Xiao, D. Meng, Q. Wang, X. Zhang, W. Hu, X. Zhan, Z.

Wang, R. A. J. Janssen, W. Li, J. Mater. Chem. C 2015, 3, 8255 – 8261.
[17] A. Zhang, C. Xiao, Y. Wu, C. Li, Y. Ji, L. Li, W. Hu, Z. Wang, W. Ma, W. Li,

Macromolecules 2016, 49, 6431 – 6438.

Manuscript received: March 28, 2017
Revised manuscript received: May 29, 2017

Accepted manuscript online: May 30, 2017

Version of record online: && &&, 0000

Chem. Asian J. 2017, 00, 0 – 0 www.chemasianj.org � 2017 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim4&&

�� These are not the final page numbers!

Communication

https://doi.org/10.1002/adma.201304346
https://doi.org/10.1002/adma.201304346
https://doi.org/10.1002/adma.201304346
https://doi.org/10.1126/science.aah4496
https://doi.org/10.1126/science.aah4496
https://doi.org/10.1126/science.aah4496
https://doi.org/10.1073/pnas.0401918101
https://doi.org/10.1073/pnas.0401918101
https://doi.org/10.1073/pnas.0401918101
https://doi.org/10.1073/pnas.0401918101
https://doi.org/10.1039/C4CS00326H
https://doi.org/10.1039/C4CS00326H
https://doi.org/10.1039/C4CS00326H
https://doi.org/10.1039/C4CS00326H
https://doi.org/10.1038/nature07727
https://doi.org/10.1038/nature07727
https://doi.org/10.1038/nature07727
https://doi.org/10.1126/science.290.5499.2123
https://doi.org/10.1126/science.290.5499.2123
https://doi.org/10.1126/science.290.5499.2123
https://doi.org/10.1126/science.290.5499.2123
https://doi.org/10.1021/cr900182s
https://doi.org/10.1021/cr900182s
https://doi.org/10.1021/cr900182s
https://doi.org/10.1002/adma.201504272
https://doi.org/10.1002/adma.201504272
https://doi.org/10.1002/adma.201504272
https://doi.org/10.1021/cm504545e
https://doi.org/10.1021/cm504545e
https://doi.org/10.1021/cm504545e
https://doi.org/10.1002/adma.201500335
https://doi.org/10.1002/adma.201500335
https://doi.org/10.1002/adma.201500335
https://doi.org/10.1002/adma.201500233
https://doi.org/10.1002/adma.201500233
https://doi.org/10.1002/adma.201500233
https://doi.org/10.1021/ja412533d
https://doi.org/10.1021/ja412533d
https://doi.org/10.1021/ja412533d
https://doi.org/10.1002/adma.201305981
https://doi.org/10.1002/adma.201305981
https://doi.org/10.1002/adma.201305981
https://doi.org/10.1002/adma.201403262
https://doi.org/10.1002/adma.201403262
https://doi.org/10.1002/adma.201403262
https://doi.org/10.1002/asia.201300677
https://doi.org/10.1002/asia.201300677
https://doi.org/10.1002/asia.201300677
https://doi.org/10.1002/asia.201300677
https://doi.org/10.1002/adma.201602410
https://doi.org/10.1002/adma.201602410
https://doi.org/10.1021/acs.chemmater.5b03968
https://doi.org/10.1021/acs.chemmater.5b03968
https://doi.org/10.1021/acs.chemmater.5b03968
https://doi.org/10.1021/acs.chemmater.5b03968
https://doi.org/10.1021/ja310283f
https://doi.org/10.1021/ja310283f
https://doi.org/10.1021/ja310283f
https://doi.org/10.1002/adma.201502617
https://doi.org/10.1002/adma.201502617
https://doi.org/10.1002/adma.201502617
https://doi.org/10.1002/adma.201502617
https://doi.org/10.1002/adma.201002973
https://doi.org/10.1002/adma.201002973
https://doi.org/10.1002/adma.201002973
https://doi.org/10.1002/pola.27898
https://doi.org/10.1002/pola.27898
https://doi.org/10.1002/pola.27898
https://doi.org/10.1002/pola.27898
https://doi.org/10.1002/adma.200901819
https://doi.org/10.1002/adma.200901819
https://doi.org/10.1002/adma.200901819
https://doi.org/10.1002/adma.200901819
https://doi.org/10.1038/nmat2751
https://doi.org/10.1038/nmat2751
https://doi.org/10.1038/nmat2751
https://doi.org/10.1038/nmat2751
https://doi.org/10.1002/adma.201104206
https://doi.org/10.1002/adma.201104206
https://doi.org/10.1002/adma.201104206
https://doi.org/10.1002/adfm.201002651
https://doi.org/10.1002/adfm.201002651
https://doi.org/10.1002/adfm.201002651
https://doi.org/10.1002/adfm.201002651
https://doi.org/10.1007/s10118-017-1870-4
https://doi.org/10.1007/s10118-017-1870-4
https://doi.org/10.1007/s10118-017-1870-4
https://doi.org/10.1007/s10118-017-1870-4
https://doi.org/10.1021/ja506265h
https://doi.org/10.1021/ja506265h
https://doi.org/10.1021/ja506265h
https://doi.org/10.1021/ja506265h
https://doi.org/10.1039/c2ee23383e
https://doi.org/10.1039/c2ee23383e
https://doi.org/10.1039/c2ee23383e
https://doi.org/10.1038/nchem.1861
https://doi.org/10.1038/nchem.1861
https://doi.org/10.1038/nchem.1861
https://doi.org/10.1021/jacs.5b03740
https://doi.org/10.1021/jacs.5b03740
https://doi.org/10.1021/jacs.5b03740
https://doi.org/10.1002/aenm.201500218
https://doi.org/10.1002/aenm.201500218
https://doi.org/10.1002/anie.201612090
https://doi.org/10.1002/anie.201612090
https://doi.org/10.1002/anie.201612090
https://doi.org/10.1021/cr5001964
https://doi.org/10.1021/cr5001964
https://doi.org/10.1021/cr5001964
https://doi.org/10.1002/adma.201202148
https://doi.org/10.1002/adma.201202148
https://doi.org/10.1002/adma.201202148
https://doi.org/10.1021/ma801407u
https://doi.org/10.1021/ma801407u
https://doi.org/10.1021/ma801407u
https://doi.org/10.1021/ma801407u
https://doi.org/10.1016/j.polymer.2012.03.015
https://doi.org/10.1016/j.polymer.2012.03.015
https://doi.org/10.1016/j.polymer.2012.03.015
https://doi.org/10.1002/adma.201305910
https://doi.org/10.1002/adma.201305910
https://doi.org/10.1002/adma.201305910
https://doi.org/10.1002/adma.201305910
https://doi.org/10.1021/ma1014885
https://doi.org/10.1021/ma1014885
https://doi.org/10.1021/ma1014885
https://doi.org/10.1021/ma1014885
https://doi.org/10.1117/1.JPE.5.057202
https://doi.org/10.1117/1.JPE.5.057202
https://doi.org/10.1117/1.JPE.5.057202
https://doi.org/10.1002/cplu.201700035
https://doi.org/10.1002/cplu.201700035
https://doi.org/10.1021/ma402027v
https://doi.org/10.1021/ma402027v
https://doi.org/10.1021/ma402027v
https://doi.org/10.1039/C5TC01313E
https://doi.org/10.1039/C5TC01313E
https://doi.org/10.1039/C5TC01313E
https://doi.org/10.1021/acs.macromol.6b01446
https://doi.org/10.1021/acs.macromol.6b01446
https://doi.org/10.1021/acs.macromol.6b01446
http://www.chemasianj.org


COMMUNICATION

Conjugated Polymers

Shichao Zhou, Cheng Li,* Jianqi Zhang,
Yaping Yu, Andong Zhang,
Yonggang Wu,* Weiwei Li*
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Diketopyrrolopyrrole-Porphyrin Based
Conjugated Polymers for Ambipolar
Field-Effect Transistors

Mind the gap : Small-band-gap diketo-
pyrrolopyrrole-porphyrin based conju-
gated polymers were developed for ap-
plication in ambipolar organic field-

effect transistors, in which the hole and
electron mobility of 0.1 and 0.004
cm2 V�1 s�1 was achieved.
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