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Semiconductors are widely used in electron devices. With the development of wearable soft-electron devices, conventional inorganic semiconductors are unable to meet the demand because of their high rigidity and high cost. Thus, scientists construct organic semiconductors with high charge mobility, low cost, eco-friendly, stretchable, etc. Due to the excellent performance of stretchable organic semiconductors, they can be widely used as wearable soft-electron devices, such as stretchable organic field-effect transistors (OFETs), organic solar cells (OSCs), etc. Contains flexible display devices and flexible power sources, which are of great interest for applications of future electron devices. However, there are still some challenges that need to be solved. Commonly, enhancing the stretchability may cause the degradation of charge mobility, because of the destruction of the conjugated system. Currently, scientists find that hydrogen bonding can enhance the stretchability of organic semiconductors with high charge mobility. Thus in this review, based on the structure and design strategies of hydrogen bonding, various hydrogen bonding induced stretchable organic semiconductors are introduced. In addition, the applications of the hydrogen bonding induced stretchable organic semiconductors are reviewed. Finally, the stretchable organic semiconductors design concept and potential evolution trends are discussed. The final goal is to outline a theoretical scaffold for the design of high-performance wearable soft-electron devices, which can also further advance the development of stretchable organic semiconductors for applications.
Keywords: hydrogen bonding, stretchable organic semiconductors, charge mobility, softelectron devices, OSCs, OFETs
1 INTRODUCTION
Organic semiconductors are organic materials with semiconductor properties (Chen et al., 2023). Compared with inorganic semiconductors, organic semiconductors have many advantages, such as being tailorable, easy to modify, and having low energy consumption (Zheng et al., 2022). Researchers have developed many meaningful organic semiconductor molecules, such as thiophenes, azole, fullerenes, perylene, phthalocyanines, etc. (Dai et al., 2022; Miao et al., 2023) With the further development of organic semiconductor devices, people are concentrating more on the stretchability of organic semiconductors with high charge mobility (Yang J. C. et al., 2019). The stretchable organic semiconductors make the flexible display, flexible organic sensors, and stretchable organic solar cells possible, which have shown great potential for commercialization (Yu et al., 2019).
In application, stretchable organic semiconductors will experience the recycling of stretch and retract. Therefore, for practical application, stretchable organic semiconductors need to function more than just single stretchable, but rather high elasticity and reversibility (Yu et al., 2021). However, organic semiconductor materials commonly are conjugated structures with high rigidity. Enhancing the stretchability may destroy the rigid π-conjugated system, then cause the reduction of charge mobility. Thus, designing high-stretch organic semiconductors with high charge mobility becomes a challenge (Pei et al., 2022). In addition, it is crucial to maintain high charge mobility upon the stretching status. To solve these problems, scientists have developed many useful strategies, such as embedding the crystallites into the amorphous regions, introducing side-chain, etc. (Yang Y. et al., 2019) Currently, many scientists use hydrogen bonding as the non-covalent cross-linking sites to design stretchable organic semiconductors, which have great performance in application (Charron et al., 2018).
Hydrogen bonding is an interaction force formed between hydrogen atoms and strongly electronegative atoms, which is widely existing in nature, including DNA (deoxyribonucleic acid), water, amino acid, etc. (Aakeröy and Seddon, 1993) Hydrogen bonding makes these structures more stable (Arunan et al., 2011). Same as them, hydrogen bonding can significantly enhance the stability and performance of organic semiconductor devices (Wang et al., 2018b). On the one hand, hydrogen bonding can enhance the intermolecular force and reduce the distance between molecules, which results in better π-π accumulation (Zhang et al., 2022). Because of the better π-π accumulation, the carrier mobility of stretchable organic semiconductors is elevated, which also solves the charge mobility reduction by the destruction of π-conjugation. On the other hand, the hydrongen bonds between molecules can significantly improve the stretchable properties of the systems. Thus, the design strategies of conjugated systems capable of hydrogen bonding are expected to both have high charge mobility and high stretchable properties (Lee et al., 2020).
In this review, we first summarize the recent advances in hydrogen bonding stretchable organic semiconductors in practical applications. Although some articles have reviewed the stretchable materials, only a few articles have discussed the hydrogen bonding-induced stretchable organic semiconductors. Herein, different hydrogen bonding design strategies in applications such as OSCs and OFETs are reviewed. Moreover, high-stretchable materials which are potentially used for these territories are introduced. In the end, the future outlook is highlighted. The final goal is to outline a theoretical scaffold for the design of high-performance hydrogen bonding stretchable organic semiconductors that can at the same time further the development of the applications of stretchable organic semiconductors.
2 OSCS
Organic solar cells as a green energy technology are attracting the attention of many scientists. Compared to conventional silicon-based solar cells, OSCs have many advantages, such as light-weight, low-cost, low pollution, etc. (Chen et al., 2021) Moreover, conventional silicon-based solar cells commonly are high rigidity, which restricts the development of soft-electronic devices (Wang et al., 2021). Relatively, because of the designability and softness of the organic materials, the OSCs are potential to be the most powerful source of soft-electronic devices (Lee et al., 2022a). The active layer of OSCs can generate the exciton when illuminated by light, then the exciton will separate into a hole and an electron. The hole and the electron can transport by the corresponding hole transport layer or electron transport layer. In this way, the current can be generated in the system. In a word, the active layer is one of the most important structures in the OSCs, which directly influences the performance of the OSCs (Liu et al., 2021). However, the active layer materials commonly are high rigidity. Thus, to promote the development of stretchable OSCs, exploiting high-charge mobility active layers with high stretchability is immediate.
Kim et al. developed a series of new polymer donors (PDs, PhAmX) featuring phenyl amide (N1, N3-bis((5-bromothiophen-2-yl)methyl) isophthalamide, PhAm)-based flexible spacer (FS) (Figure 1A) (Lee et al., 2022b). The PhAmX have different hydrogen bonding densities to pursue appropriate intermolecular hydrogen bonding interaction, which both have great charge mobility and excellent stretchability. Among them, the IS-OSCs based on the PhAm5 reached a high power conversion efficiency (PCE) of 12.73% (Figure 1B). Significantly, the PhAm5:Y7-based IS-OSC maintained over 90% of the initial PCE at 20% strain, which is much higher than the frequently-used PM6:Y7-based IS-OSC (68% of the initial PCE at 20% strain) (Figure 1C). In addition, the performance of the device under cyclic stretching/releasing is crucial for the sustainability of the IS-OSC. The PhAm5-based device maintained 86% of the initial PCE after 120 times stretching, non-etheless the PM6-based device showed only 41% of the initial PCE after the same number of cycles. In the PhAm5 system, although the π-conjugated system of the chain is destroyed by the introduction of the acid amides units, the hydrogen bonding induces the reduction of the intermolecular distances and makes better accumulation. The hydrogen bonding compensates for efficiency degradation due to the destruction of the π-conjugated system. Thus, the high durability and excellent performance under cyclic stretching of the hydrogen-bonding-based IS-OSC show high potential as the powerful source for soft-electronic devices in practical applications.
[image: Figure 1]FIGURE 1 | (A) Chemical structures of PM6 and PhAmX PDs. Adapted with permission from (Lee et al., 2022b); (B) Photovoltaic performances and related analyses of the Gaussian-fitted PCE distributions of PD:SMA blends. Adapted with permission from (Lee et al., 2022b); (C) Plots of normalized PCE versus engineering strain of the IS-OSC devices. Adapted with permission from (Lee et al., 2022b); (D) Molecular structures of citric acid, tartaric acid, and malic acid, respectively. Adapted with permission from (Xia et al., 2012); (E) Optimal J–V characteristics of flexible OSCs fabricated on m-PEDOT:PSS/PET with citric acid treatments (insert is corresponding histogram distribution of PCE counts for 20 individual devices). Adapted with permission from (Xia et al., 2012); (F) Changes in normalized PCEs of optimal flexible device based on citric-acid-treated m-PEDOT:PSS/PET electrode with mid-device and Al top electrode folding. Adapted with permission from (Xia et al., 2012).
Except for the active layer, developing the highly stretchable transparent electrode material is also inevitable. Nevertheless, conventional OSCs usually utilized indium tin oxide (ITO) as the transparent electrode material, which with a high price and high rigidity (Xia et al., 2012). These factors have limited the practical applications of ITO on soft-electron devices. Thus, designing stretchable, foldable, and transparent electrodes also is meaningful for the development of wearable soft-electron devices. Recently, scientists have utilized a number of emerging flexible transparent electrodes to replace the ITO, including graphene, ultrathin metal, conducting polymers, etc. Among these materials, poly (3,4-ethylene dioxythiophene):poly (styrene sulfonate) (PEDOT:PSS) has been broadly used in flexible transparent electrodes, which posses well film-forming properties, high grade of transparency, and low cost (Chen et al., 2019). In addition, by doping with some acids in PEDOT:PSS films are confirmed as an effective strategy to enhance the performance of the devices. Wei Song et al. have designed the flexible OSCs by using the PEDOT:PSS (m-PEDOT:PSS)/polyethylene terephthalate (PET) films as the flexible transparent electrodes, which are doped with the eco-friendly acids, including citric acid, malic acid, and tartaric acid (Figure 1D) (Song et al., 2020). The carbonyl of the PET and the hydroxyl the acid can form hydrogen bonding in the system. Hydrogen bonding can significantly improve interfacial adhesion and reduce interface mechanical wear. Moreover, the deformation resistance and the environmental sustainability of the stretchable OSCs are obviously enhanced, which is caused by the intermolecular hydrogen bonding interaction. Thus, the green-acid-treated folding-flexible OSCs showed a high performance (PCE of 14.17%, VOC of 0.831 V, JSC of 23.60 mA cm2, and FF of 72.23%) with excellent stretchability (Figures 1E,F). This work is great potential for further implementation of stretchable, low-cost, and eco-friendly OSCs.
3 OFETS
Organic field-effect transistor (OFET) is an active device that uses an electric field to control the conductivity of solid organic materials. In electron devices, the OFETs are indispensable, which can transmit signals and control the operation of the devices (Fusco et al., 2022). Through molecular design and aggregate structural engineering, scientists have developed many high-charge mobility conjugated polymers for OFETs. With the development of soft-electron devices, designing corresponding stretchable OFETs are inevitable. Recently, many high-charge mobility with high stretchable OFETs have been successfully developed by hydrogen bonding designing strategies (Zhang et al., 2018), which may meet the requirement of emerging flexible electronics such as electronic skin, flexible displaying, etc. further improving charge mobility and promoting conjugated polymers to the flexible device are running in the fast lane (Wang et al., 2018a; Tien et al., 2021).
Incorporating side chains into the polymer is a mature design strategy to enhance the performance of OFETs. For example, Bao’s group introduced hydrogen bonding units PDCA (2,6-pyridine carboxamide) into Diketopyrrolopyrrole (DPP)-based donor−acceptor conjugated polymer OFETs (Figure 2A) (Gasperini et al., 2019). Compared with commonly DPP-based OFETs, the hydrogen bonding interaction reduced the intermolecular distance (from 24.02 to 22.87 Å) and induced better π-π accumulation. They found that the hydrogen bonding is more sturdy than the backbone in the hydrogen bonding system (Figure 2B). That means the hydrogen bonding can buffer the effect while the materials are strained, which can significantly improve the stretchability and resistance to strain. Samely, Ocheje’s group incorporated amide-containing alkyl chains in DPP-based conjugated polymers as stretchable OFETs (Figure 2C) (Ocheje et al., 2018). The resulting polymers with 10% hydrogen bonding units showed a maximum stretchability of 75% elongation (Figure 2D), which maintains a high retention rate of the morphology under the tensile state. Non-etheless, the hydrogen bonding side chains also can be extended to other polymer backbone structures to develop various high-performance OFETs.
[image: Figure 2]FIGURE 2 | (A) The chemical structure of the DPP-based PDCA-alkyl side chain polymers. Adapted with permission from (Gasperini et al., 2019); (B) Dynamic mechanical analysis traces (tan δ curves) for semiconducting polymers bearing H-bonding units in the alkyl chains at different wt% of PDCA. Adapted with permission from (Gasperini et al., 2019); (C) Chemical structure of DPP-based conjugated polymers P1 to P7, incorporating up to 20mol% of amide-containing alkyl side chains and 20mol% of dodecyl side chains. Adapted with permission from (Ocheje et al., 2018); (D) optical microscopy images of P3 at 50% strain elongation. The scale bar is 20 μm. Adapted with permission from (Ocheje et al., 2018); (E) Chemical structure of the DPP-based conjugated polymer backbone and hydrogen bonding units. Adapted with permission from (Zheng et al., 2020); E-carbonate polymers during stretching in the fully stretchable transistor configuration, with charge transport parallel to the strain direction. Average mobility of different H-bonding conjugated polymers during stretching in the fully stretchable transistor configuration (normalized by the mobility at 0% strain), with charge transport parallel to the strain direction: (F) ether-chain and (G) alkyl-chain. All mobility values are averaged and extracted from at least six devices. Adapted with permission from (Zheng et al., 2020).
Besides introducing hydrogen bonding side chains in the OFETs system, developing different hydrogen bonding densities in the backbone also is a popular research direction (Oh et al., 2016). The hydrogen bonding is able to induce better aggregation and crystallinity in as-casted thin films, which can result in a higher modulus and crack on-set strain. This property is highly correlated with the density and strength of hydrogen bonding. On this basis, Bao’s group designed various diketopyrrolopyrrole (DPP)-based conjugated polymer backbones with various densities and intensities of hydrogen bonding units, and systematically investigate the effects of hydrogen bonding interactions on the performance of OFETs (Figure 2E) (Zheng et al., 2020). They found that the hydrogen bonding self-association constant >0.7 (the Urea) can significantly improve the resistance to deformation and crack on-set strain. Additionally, introducing the ether chain contributes to better hydrogen bonding interaction and better electrical performance under strain. Then they fabricated the stretchable OFETs to evaluate their electrical performances under the strain states. The result shows that the hydrogen bonding induced better crystallization and improved the modulus of the system (Figures 2F,G). Nevertheless, the higher modulus leads to better charge mobility. Thus, regulating the densities and intensities of hydrogen bonding in the backbone can provide guidelines for designing various stretchable OFETs.
4 CONCLUSIONS AND OUTLOOK
Hydrogen bonding-induced organic semiconductors have many advantages in stretchable electron devices, including designability, low cost, stretchability, etc. Moreover, through different design strategies, we can develop various functional stretchable organic semiconductors as we want. The development of stretchable organic semiconductors could promote the development of wearable soft-electron devices. On one hand, stretchable organic semiconductors can provide power for soft-electron devices such as stretchable OSCs. On the other hand, designing various stretchable organic semiconductors let the development of soft-electron devices quicker and more diversified.
Although hydrogen bonding-induced stretchable organic semiconductors have developed for many years, this technology is still in its infancy. For further development of soft-electron devices, there are still some problems that need to be solved. (i) At present, many hydrogen bonding-induced stretchable organic semiconductors lack deep-level research. (ii) Developing more practical applications, such as artificial skin, wearable electronic devices, electronic wallpaper, etc. (iii) Developing different types of hydrogen bonding-induced organic semiconductors, such as chemical hydrogen bonding, physical hydrogen bonding and dielectric hydrogen bonding. (iv) Designing Hydrogen bonding-induced organic semiconductors with multiple advantages, including sustainability, stretchability, charge mobility, foldability, etc.
AUTHOR CONTRIBUTIONS
JC and ZW prepared the manuscript. LC and XW collected and organized the OSCs part, YG and YH collected and organized the OFETs part, ML helped to revise the manuscript, ZD provided the overall working ideas and revised the manuscript, HW supervised the whole work. All authors discussed and commented on the paper.
FUNDING
This study was financially supported by the Special research project of Shaanxi Provincial Department of Education (21JK0563), Key research and development project of Science and Technology Department of Shaanxi Province (2023-YBGY-004), Research projects of Shaanxi University of Technology (SLGRCQD2216, SLG1901), National innovation and entrepreneurship training program for college students (No. 202210720027).
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Aakeröy, C. B., and Seddon, K. R. (1993). The hydrogen bond and crystal engineering. Chem. Soc. Rev. 22, 397–407. doi:10.1039/CS9932200397
 Arunan, E., Desiraju, G. R., Klein, R. A., Sadlej, J., Scheiner, S., Alkorta, I., et al. (2011). Defining the hydrogen bond: An account (IUPAC Technical Report). Pure Appl. Chem. 83, 1619–1636. doi:10.1351/PAC-REP-10-01-01
 Charron, B. P., Ocheje, M. U., Selivanova, M., Hendsbee, A. D., Li, Y., and Rondeau-Gagné, S. (2018). Electronic properties of isoindigo-based conjugated polymers bearing urea-containing and linear alkyl side chains. J. Mater. Chem. C 6, 12070–12078. doi:10.1039/C8TC03438A
 Chen, J., Zhang, W., Wang, L., and Yu, G. (2023). Recent research progress of organic small-molecule semiconductors with high electron mobilities. Adv. Mater. 35, 2210772. doi:10.1002/adma.202210772
 Chen, R., Sun, K., Zhang, Q., Zhou, Y., Li, M., Sun, Y., et al. (2019). Sequential solution polymerization of poly(3,4-ethylenedioxythiophene) using V2O5 as oxidant for flexible touch sensors. iScience 12, 66–75. doi:10.1016/j.isci.2019.01.003
 Chen, Z., Song, W., Yu, K., Ge, J., Zhang, J., Xie, L., et al. (2021). Small-molecular donor guest achieves rigid 18.5% and flexible 15.9% efficiency organic photovoltaic via fine-tuning microstructure morphology. Joule 5, 2395–2407. doi:10.1016/j.joule.2021.06.017
 Dai, Z., Tian, J., Li, J., Liu, M., Vivo, P., and Zhang, H. (2022). Side-chain engineering by thymine groups enables hydrogen bond in P-type donor-acceptor polymers with enhanced optoelectronic properties. Dyes Pigments 205, 110565. doi:10.1016/j.dyepig.2022.110565
 Fusco, S., Barra, M., Gontrani, L., Bonomo, M., Chianese, F., Galliano, S., et al. (2022). Novel thienyl DPP derivatives functionalized with terminal electron-acceptor groups: Synthesis, optical properties and OFET performance. Chem. A Eur. J. 28, e202104552. doi:10.1002/chem.202104552
 Gasperini, A., Wang, G.-J. N., Molina-Lopez, F., Wu, H.-C., Lopez, J., Xu, J., et al. (2019). Characterization of hydrogen bonding formation and breaking in semiconducting polymers under mechanical strain. Macromolecules 52, 2476–2486. doi:10.1021/acs.macromol.9b00145
 Lee, J., Kim, G., Kim, D. J., Jeon, Y., Li, S., Kim, T., et al. (2022a). Intrinsically-stretchable, efficient organic solar cells achieved by high-molecular-weight, electro-active polymer acceptor additives. Adv. Energy Mater. 12, 2200887. doi:10.1002/aenm.202200887
 Lee, J., Seo, S., Lee, S., Kim, G., Han, S., Phan, T. N., et al. (2022b). Intrinsically stretchable, highly efficient organic solar cells enabled by polymer donors featuring hydrogen-bonding spacers. Adv. Mater. 34, 2207544. doi:10.1002/adma.202207544
 Lee, M. Y., Dharmapurikar, S., Lee, S. J., Cho, Y., Yang, C., and Oh, J. H. (2020). Regular H-Bonding-Containing polymers with stretchability up to 100% external strain for self-healable plastic transistors. Chem. Mater. 32, 1914–1924. doi:10.1021/acs.chemmater.9b04574
 Liu, T., Yang, T., Ma, R., Zhan, L., Luo, Z., Zhang, G., et al. (2021). 16% efficiency all-polymer organic solar cells enabled by a finely tuned morphology via the design of ternary blend. Joule 5, 914–930. doi:10.1016/j.joule.2021.02.002
 Miao, C., Liang, D., Gu, L., Li, C., Liu, M., Li, J., et al. (2023). Naphthodipyrrolopyrrole-based Aza-BODIPY dye for N-type organic field-effect transistors. Dyes Pigments 209, 110855. doi:10.1016/j.dyepig.2022.110855
 Ocheje, M. U., Selivanova, M., Zhang, S., Van Nguyen, T. H., Charron, B. P., Chuang, C.-H., et al. (2018). Influence of amide-containing side chains on the mechanical properties of diketopyrrolopyrrole-based polymers. Polym. Chem. 9, 5531–5542. doi:10.1039/C8PY01207E
 Oh, J. Y., Rondeau-Gagné, S., Chiu, Y.-C., Chortos, A., Lissel, F., Wang, G.-J. N., et al. (2016). Intrinsically stretchable and healable semiconducting polymer for organic transistors. Nature 539, 411–415. doi:10.1038/nature20102
 Pei, D., An, C., Zhao, B., Ge, M., Wang, Z., Dong, W., et al. (2022). Polyurethane-based stretchable semiconductor nanofilms with high intrinsic recovery similar to conventional elastomers. ACS Appl. Mater. Interfaces 14, 33806–33816. doi:10.1021/acsami.2c07445
 Song, W., Peng, R., Huang, L., Liu, C., Fanady, B., Lei, T., et al. (2020). Over 14% efficiency folding-flexible ITO-free organic solar cells enabled by eco-friendly acid-processed electrodes. iScience 23, 100981. doi:10.1016/j.isci.2020.100981
 Tien, H.-C., Huang, Y.-W., Chiu, Y.-C., Cheng, Y.-H., Chueh, C.-C., and Lee, W.-Y. (2021). Intrinsically stretchable polymer semiconductors: Molecular design, processing and device applications. J. Mater. Chem. C 9, 2660–2684. doi:10.1039/D0TC06059C
 Wang, S., Oh, J. Y., Xu, J., Tran, H., and Bao, Z. (2018a). Skin-inspired electronics: An emerging paradigm. Acc. Chem. Res. 51, 1033–1045. doi:10.1021/acs.accounts.8b00015
 Wang, S., Xu, J., Wang, W., Wang, G.-J. N., Rastak, R., Molina-Lopez, F., et al. (2018b). Skin electronics from scalable fabrication of an intrinsically stretchable transistor array. Nature 555, 83–88. doi:10.1038/nature25494
 Wang, Z., Xu, M., Li, Z., Gao, Y., Yang, L., Zhang, D., et al. (2021). Intrinsically stretchable organic solar cells beyond 10% power conversion efficiency enabled by transfer printing method. Adv. Funct. Mater. 31, 2103534. doi:10.1002/adfm.202103534
 Xia, Y., Sun, K., and Ouyang, J. (2012). Solution-processed metallic conducting polymer films as transparent electrode of optoelectronic devices. Adv. Mater. 24, 2436–2440. doi:10.1002/adma.201104795
 Yang, J. C., Mun, J., Kwon, S. Y., Park, S., Bao, Z., and Park, S. (2019). Electronic skin: Recent progress and future prospects for skin-attachable devices for health monitoring, robotics, and prosthetics. Adv. Mater. 31, 1904765. doi:10.1002/adma.201904765
 Yang Y., Y., Liu, Z., Zhang, G., Zhang, X., and Zhang, D. (2019). The effects of side chains on the charge mobilities and functionalities of semiconducting conjugated polymers beyond solubilities. Adv. Mater. 31, 1903104. doi:10.1002/adma.201903104
 Yu, X., Li, C., Gao, C., Zhang, X., Zhang, G., and Zhang, D. (2021). Incorporation of hydrogen-bonding units into polymeric semiconductors toward boosting charge mobility, intrinsic stretchability, and self-healing ability. SmartMat 2, 347–366. doi:10.1002/smm2.1062
 Yu, Y., Ma, Q., Ling, H., Li, W., Ju, R., Bian, L., et al. (2019). Small-molecule-based organic field-effect transistor for nonvolatile memory and artificial synapse. Adv. Funct. Mater. 29, 1904602. doi:10.1002/adfm.201904602
 Zhang, H., Liu, K., Wu, K.-Y., Chen, Y.-M., Deng, R., Li, X., et al. (2018). Hydrogen-bonding-mediated solid-state self-assembled isoepindolidiones (isoEpi) crystal for organic field-effect transistor. J. Phys. Chem. C 122, 5888–5895. doi:10.1021/acs.jpcc.7b11992
 Zhang, Q., Huang, J., Wang, K., and Huang, W. (2022). Recent structural engineering of polymer semiconductors incorporating hydrogen bonds. Adv. Mater. 34, 2110639. doi:10.1002/adma.202110639
 Zheng, Y., Ashizawa, M., Zhang, S., Kang, J., Nikzad, S., Yu, Z., et al. (2020). Tuning the mechanical properties of a polymer semiconductor by modulating hydrogen bonding interactions. Chem. Mater. 32, 5700–5714. doi:10.1021/acs.chemmater.0c01437
 Zheng, Y., Zhang, S., Tok, J. B.-H., and Bao, Z. (2022). Molecular design of stretchable polymer semiconductors: Current progress and future directions. J. Am. Chem. Soc. 144, 4699–4715. doi:10.1021/jacs.2c00072
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
The handling editor ML declared a past co-authorship with the author ZD.
Copyright © 2023 Chen, Wang, Deng, Chen, Wu, Gao, Hu, Li and Wang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/xhtml/nav.xhtml
Contents

		Cover

		Hydrogen bonding-induced high-performance stretchable organic semiconductors: a Review		1 Introduction

		2 OSCs

		3 OFETs

		4 Conclusions and outlook

		Author contributions

		Funding

		Publisher’s note

		References









OPS/images/cover.jpg
& frontiers | Frontiers in Chemistry






OPS/images/fchem-11-1200644-g001.gif
A






OPS/images/fchem-11-1200644-g002.gif









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
2 frontiers | Frontiers in Chemistry





