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Abstract 

Semiconductors with both high stretchability and self-healing capability are highly desirable 

for various wearable devices. Blending conjugated polymers (CPs) with deformable 

elastomers was a promising method to fabricate stretchable semiconductors due to the wide 

range of attainable elastic modulus, and deformability. Much progress had been achieved in 

designing highly stretchable semiconductor polymers or composites. The demonstration of 

self-healable semiconducting composites is still rare. Here, we developed an extremely soft, 

highly stretchable, and self-healable hydrogen bonding crosslinked elastomer, amide 

functionalized-polyisobutylene (PIB-amide), to enable a self-healable semiconductive blend 

through compounding with a high-performance conjugated diketopyrrolopyrrole (DPP-T) 

polymer. With the help of a non-covalent hydrogen bonding crosslink, the composite 

consisting of 20% of the DPP-T and 80% PIB-amide showed record high crack-onset strain 

(COS ~1500%), extremely low elastic modulus (E ~1.6 MPa), and unique ability to 

spontaneously self-heal at the room temperature within 5 mins. Unlike previous works, these 

unique composite materials also showed strain-independent charge mobility. An in-depth 

morphological study based on UV-Vis spectroscopy, atomic force microscopy, and X-ray 

scattering techniques indicated the composites showed blending ratio- and stretching-

independent fibril-like aggregation in all composites due to the strong hydrogen bond in 

elastomer to enable the unique stable charge mobility. This work provides new direction to 

develop highly healable and electronically stable semiconductive composite and will enable 

new applications of stretchable electronics.  
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1. Introduction 

Developing stretchable and self-healable semiconductors is very important to meet the 

growing in the interest of designing wearable and implantable electronics.
[1–8]

 Conjugated 

polymers (CPs), due to wide range tunable chemical structures and high flexibility and 

deformability compared to their inorganic counterpart, are widely adopted in wearable 

devices, and used as the charge transport layer.[9–12] Unfortunately, a rigid and coplanar 

backbone and high crystallinity are preferred to enable effective charge transport for CPs, 

commonly renders them as rigid and brittle. 
[13–15]

 Therefore, designing CPs with balanced 

electrical performance and mechanical robustness is required. Besides, mechanical fracture 

and accidental scratching in long-term use in daily life make the materials less durable.
[8]

 In 

this regard, researchers developed a strong interest in making self-healing semiconductors or 

composite to mitigate above mentioned issues.
[4–7,16]

 

Most efforts have focused on modifying chemical structures via backbone/side-chain 

engineering to develop stretchable and self-healable CPs. To improve stretchability, attaching 

longer and branched alkyl side chains, [17–21] inserting flexible conjugation breaker 

spacers[15,22–28]
, and copolymerizing soft segments with conjugated polymers[29–34] are 

generally used. However, the increased stretchability often resulted in sacrificed charge 

carrier mobility.
[35]

 To introduce self-healing ability, dynamic covalent bonds (i.e., Diels-

Alder reactions, imine bonds, disulfide exchanges, borate ester bonds) or noncovalent 

interactions (i.e., hydrogen bonds,
[24,36,37]

 metal-ligands interaction,
[38]

 host-guest 

interactions
[39]

) were often incorporated between the polymer chains. Despite considerable 

progress in developing self-healing polymeric materials,
[40]

 only a few have focused on 

electronically active materials and demonstrate their usage in thin-film field-effect transistors. 

Besides, it must be noted that the molecular design of novel CPs always needs elaborate 
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synthesis. Due to the conjugated nature of CP’s rigid backbone, the demonstration of 

intrinsically stretchable and room temperature self-healable CPs is still limited.  

Alternatively, physical blending CPs with soft elastomers (i.e., polydimethylsiloxane 

(PDMS), 
[41–44]

 styrene-ethylene-butylene-styrene (SEBS), 
[45–48]

 polystyrene-block-

polyisoprene-block-polystyrene  (SIS), 
[49]

 rubber, 
[50,51]

 etc.) is a straightforward and 

effective approach to create stretchable semiconductor. [44,45,55,46–48,50–54]
 For example, Bao et al. 

blended SEBS with DPPT-TT fabricating DPPT-TT/SEBS semiconducting composite. 
[48]

 

Utilizing the conjugated polymer/elastomer phase separation-induced elasticity 

(CONPHINE) method, the high charge mobility of ~1 cm
2
/V s was successfully retained 

even at 100% strain. Later on, the same group systematically studied the MW influence of 

both CPs and SEBS on the performance of composites.  For CPs with high MW, the 

aggregation slightly decreased upon increasing MW of SEBS, while opposite trend for CPs 

with low MW.
[56]

 Furthermore, they also developed an elastic composite with the help of 

covalent crosslink between azide and C=C group in SEBS and C-C bond in CPs.
[57]

 No 

residual strain showed up with increasing cyclic strains from 10-70%. Jeong et al, first used 

PDMS as elastomer matrix for the composite. The formation of P3HT bundle network in 

composite films enable high stretchability of composite (COS>50%).
[46]

 However, the 

mobility significantly decreased upon stretching. Cho group embedded P3HT nanowires into 

PDMS matrix.
[42]

 The obtaining composites showed stable stretchability at strain up to 100%. 

Reichmanis group detailed studied processing condition effect on the performance on the 

P3HT/PDMS composite.
[44]

 The one with ‘predeposition processed’ P3HT showed 44 times 

higher hole mobility than untreated one with high stretchability up to 100% strain. Apart 

from those previous demonstration of the deformable composite, the self-healable capability 

for semiconductor composites is rarely demonstrated. Recently, Zhang et al. selected butyl 

rubber, an elastomer with high elasticity and strong adhesion, as the matrix to blend with 
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DPPTVT.
[50]

 Although stretchable and self-healing ability was successfully achieved, a 

mismatch happened between the composite with blending ratio for the highest electrical 

performance and best mechanical stretchability. Jeong et al. embedded Poly(3-

butylthiophene-2,5-diyl) (P3BT) nanowires with dopant tris(pentafluorophenyl)borane (BCF) 

into thermoplastic elastomer matrix SIS fabricating SIS/P3BT/BCF composite. The obtained 

composites exhibited good thermoelectric performance, achieved self-healing under mild heat 

and pressure conditions and good stretchability.
[49]

 Oh, et al. fabricated metal-ligands 

crosslinked DPP-TVT-PDCA/PDMS-PDCA composites. 
[58]

 With the dynamic metal-ligands 

interaction, the composites showed high stretchability (COS>1300%) and self-healing ability. 

But the healing rate was relatively low, which needs 1 day to heal fully. Therefore, 

developing composites with both high stretchability and strong self-healing ability is of great 

interest to expand the application space for stretchable electronics. 

To achieve the above goal, one can resort to the design new high stretchable and self-

healable elastomers with the needed properties for the semiconductive polymers. It’s reported 

that polyisobutylene (PIB)-based networks have good flexibility and strong adhesion due to 

the softness and strong entanglement of the polymer chains.
[59]

 Along this line, Higashihara 

incorporated PIB with P3HT synthesizing a block copolymer P3HT-b-PIB-b-P3HT. With the 

help of PIB segment, the obtained composite showed high stretchability with COS up to 

200%.
[60]

 Therefore, we expect PIB should own great potential to be used as elastomer matrix 

to achieve stretchability and self-healing ability. 

Introducing hydrogen bond crosslink into elastomers was reported to improve the 

stretchability and self-healing ability effectively.
 [61,62,71,63–70]

 The weaker dynamic bond is 

easy to break, providing an extra energy dissipation pathway to improve stretchability. After 

releasing stretching, the dynamic hydrogen bonds can reconnect again, enabling intrinsically 
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self-healing ability.
[70]

 For example, Yan et al. utilized the ureidopyrimidinone (UPy) group 

to successfully construct a hydrogen bonding crosslinked supramolecular polymeric material 

(SPMs).
[72]

 With 20 mol% UPy group, an extremely stretchable material (COS= 17,000%)  

with excellent self-healing ability was obtained. Considering the excellent performance, 

hydrogen-bonding crosslinked elastomer should be a type of matrix with a high potential for 

stretchable and self-healable composites. However, far fewer advances have specifically 

addressed the availability of hydrogen bonding-crosslinked elastomers used in electronics and 

the influence of hydrogen bond on the performance of semiconducting composites. 

Here, we designed a new hydrogen bonding crosslinked amide-functional PIB (PIB-

Amide) to enable extremely soft, stretchable, and self-healable semiconductive composites, 

With PIB-Amide as the elastomer matrix, the semiconducting composite DPP-T/PIB-Amide 

exhibits blend ratio-independent mobility, with the extreme softness (E ~1.76 MPa), high 

stretchability (COS ~1500%), and strong self-healing ability at the room temperature 

(Scheme 1). In the meantime, the high charge carrier mobility of our composite can be 

mainly maintained under 100% cyclic strain for over 100 times. The properties were 

compared with reported semiconducting composites, which showed impressive improvement 

(Scheme 1d). Wide-angle x-ray scattering (WAXS), polarized UV-vis spectroscopy, and 

atomic force microscopic combined with infrared-spectroscopy (AFM-IR) were utilized to 

study the deformation mechanism. Through the in-depth morphology study, we conclude that 

the deformation happened mostly in the elastomer matrix while the network of the CPs fibril 

was connected throughout the stretching process, thus allows the composite to maintain 

stable charge carrier mobility at different strains. This work demonstrated that CP/elastomer 

composites with hydrogen bonding crosslinked elastomer as the matrix can dramatically 

increase the stretchability and self-healing ability, which enriches the stretchable 
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semiconductors materials choice and provides a guideline for the future design of stretchable 

and healable semiconductive composites.  

 

Scheme 1. a) Fabrication of DPP-T/PIB-Amide composite. b) chemical structures of PIB-

Amide and DPP-T. c) Schematic diagram showing the stretchable and self-healable DPP-

T/PIB-Amide semiconducting composites. d) Comparison of the performance of the current 

system to previously reported semiconducting conjugated polymer/elastomer composites. 

 

2. Results and Discussion 
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Scheme 1 showed the overall design strategy of the extremely soft, stretchable, and 

self-healable semiconductor composites DPP-T/PIB-Amide. In our design, we engineered the 

non-covalent interactions into the elastomeric matrix. We expect the hydrogen bonding 

crosslink in elastomer can effectively improve the composite's stretchability, self-healing 

ability and charge carrier mobility. PIB-Amide was designed as the hydrogen bonding 

crosslinked elastomer matrix to take advantages of properties of PIB and non-covalent 

hydrogen bonding crosslink (Scheme 2). PIB is a soft and deformable elastomer with strong 

adhesion. Hydrogen bonding is an effective method to improve stretchability and self-healing 

ability. Combining these two components, the obtained PIB-Amide enables extreme softness 

(~1 MPa), high stretchability (COS>1600%), and room temperature spontaneous self-healing 

ability. The detailed synthesis and characterization of PIB-Amide were described in detail in 

Supporting Information (Figure S1-7). DPP-T was selected as the model CP because of the 

commercial availability and high charge mobility (µ ~ 0.2 cm
2 

V
-1 

s
-1

, Figure S8-9). 

 

Scheme 2. Synthetic route of PIB-Amide. 

 

The blending ratio between CPs and elastomers was reported to significantly 

influence the electrical and mechanical properties of DPP-T/PIB-Amide composites.
[50]

 We 

first studied the effect of the blend ratios (weight ratio of DPP-T at 0, 20, 30 and 40% in the 
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DPP-T/PIB-Amide composites) on their physical and electrical property. This blending ratio 

range is selected to ensure elastomer forms the matrix or continuous phase (weight ratio of 

CPs < 50%). A top-contact bottom-gate organic field-effect transistor (OFET) was fabricated 

to study the electrical properties of DPP-T/PIB-Amide composites (Figure 1a and S10-11). 

A fixed Vsd value of -60 V was used for all the transfer curve measurement. Notably, to avoid 

overestimating the electrical properties, the reliability factor of mobility calculations have 

substantiated exceeding 90%.
[73]

 As the result, an average charge carrier mobility around 0.09 

cm
2
 V

-1 
s

-1 
was observed for all 10%-40% DPP-T/PIB-Amide composites, in which 20% 

DPP-T/PIB-Amide composite showed slightly higher average charge carrier mobility, ~0.15 

cm
2
 V

-1 
s

-1
. This stable charge mobility is attributed to fibril-like chain aggregation, which 

can exist in composites at different blending ratios, as will be discussed later. Pseudo-free 

standing tensile test was then performed to evaluate the mechanical properties of composites 

(Figure 1b-c, S12, Table S2).
[74,75]

 Sample composite film with 13 um film thickness were 

prepared. 10% DPP-T/PIB-Amide composite absorbed water strongly, thus the data are not 

reported here.  For the other three composites, 20% DPP-T/PIB-Amide showed a record 

highest COS of ~1500% while maintaining a low E of 1.65 MPa. As the ratio of DPP-T 

increased, the COS continuously decreased to ~7.67 % (40% DPP-T/PIB-Amide) while E 

increased to 24.34 MPa, which was still much lower than pure DPP-T (483.62 MPa). 

Combining the aforementioned results, the blending ratio showed almost no effect on 

electrical properties but significant influence on mechanical properties. 20% of DPP-T was 

determined to be the optimum blend ratio due to the highest stretchability and as well as high 

charge carrier mobility, which was selected for further studies. 

Morphology study was then performed to fully elucidate the observed mechanical and 

electrical properties using infrared-spectroscopy combined atomic force microscopy (AFM-
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IR) and grazing-incidence wide-angle x-ray scattering (GIWAXS). To obtain AFM-IR 

images, FT-IR spectroscopy was first performed on both pure CPs and elastomers to find a 

non-overlapping absorption peak for both components (Figure S13). Comparing the 

absorption spectra of CPs and PIB-Amide, 1666 cm
-1

 (-C=O stretching vibration in amide) 

and 1471 cm
-1

 (-CH2 torsional vibration in backbone) were chosen for selectively excited 

DPP-T and PIB-Amide, respectively. AFM tapping modes were then applied to obtain phase 

images (Figure 1d). After applying IR mode, two components can be clearly distinguished 

and here they are labeled with two different colors (Figure 1e). The red and green region 

represent the DPP-T and PIB-Amide, respectively. Both nanoscopic fibril-like aggregation 

from CPs and macro phase separation between CPs and PIB-Amide were observed for 

composites with all blending ratios. However, with an increased ratio of DPP-T, the macro-

phase separation became more extensive, while fibril-like aggregation remains constant and 

well dispersed in rubber matrix. We attributed this blending ratio-independent fibril-like 

aggregation to hydrogen bonding crosslink between PIB. The hydrogen bond limits the chain 

mobility of elastomer, making the CP chain interact more with each other to form both the 

fibril and the large aggregation. The aggregation of conjugated polymers was reported 

beneficial to electrical properties of composites.
[76,77]

 For example, Lee et al. added DMSO 

additive into PEDOT:PSS which inducing aggregation of PSS phase.
[77]

 The aggregation 

effectively enhanced cohesion and electrical conductivity. Ouyang et al. studied other 

additives and observed similar phenomenon.
[76]

 The formation of aggregation and enhanced 

conductivity was also observed with additive DEG and PEG 400. In terms of charge mobility 

in OFET applications, previous literature reports fibril-like CP aggregations in CP/elastomer 

composites contribute mostly.
[78]

 Therefore, this explains that for four different composites, 

they all showed similar charge mobility regardless of blending ratios. The morphology for 

bottom surface of the 20% DPP-T/PIB-Amide composite was also measured using AFM due 
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to the significance for charge mobility, which showed similar result as top surface (Figure 

S14). On the other hand, macro phase separation would lead to more rigid and brittle DPP 

phase due to their high modulus and low deformability. Therefore, with increasing mixing 

ratio of DPP-T in composites, the E increased while deformability decreased. GIWAXS was 

then performed to study the crystallite structure of DPP-T domain in DPP-T/PIB-Amide 

composites (Figure S15-16, Table S3). Similar value of lamella packing distance and 

FWHM were obtained, indicating that the blending ratio did not change the crystallite lattice 

packing, which also further provides insight to support the observed blending ratio-

independent charge mobility. 

 

Figure 1. Mechanical, electrical, and morphology for DPP-T/PIB-Amide composite films 

with different blending ratios. a) Charge carrier mobility of 10-40% DPP-T/PIB-Amide 

composites and DPP-T thin films from top-contact bottom-gate OFET devices. b) 

Representative stress-strain curve of 20-40% DPP-T/PIB-Amide composite films. c) Elastic 
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modulus and crack onset strain of 0, 20-40%, and 100% DPP-T/PIB-Amide composite films. 

d) AFM phase images of 10-40% DPP-T/PIB-Amide composite films. e) AFM-IR overlay 

images highlighting the distributions of DPP-T and PIB-Amide in 10-40% DPP-T/PIB-

Amide composite films (red color represents DPP-T domain selectively excited using 1664 

cm
−1

 laser, and green color represents for PIB-Amide domain selectively excited using 1462 

cm
−1

 laser.  

 

The effect of hydrogen bonding on composites' electrical and mechanical properties 

was also studied using 20% DPP-T blended with various elastomer control samples 

(unmodified rubber, intermediate rubber product PIB-Br (Scheme 2) which does not have 

any hydrogen bonding functional group, and hydrogen bonding crosslinked PIB-Amide) 

(Figure S17, 18). The synthesis of the PIB-Br can be found in supporting information as 

well.
[79]

 The charge mobility of 20% DPP-T/BR, DPP-T/PIB-Br, and DPP-T/PIB-Amide 

were investigated. All composites performed similar charge mobilities indicating that the 

hydrogen bond on elastomer didn’t significantly influence the electrical properties (Figure 

S17a). The effect of hydrogen bonds on mechanical properties was studied between 20% 

DPP-T/PIB-Br and DPP-T/PIB-Amide (Figure S17b, S18). The 20% DPP-T/PIB-Br showed 

COS of 400%, which was much lower than 20% DPP-T/PIB-Amide (COS~1500%), 

demonstrating hydrogen bonding improved the stretchability of semiconducting composites 

due to the extra energy dissipation pathway provided by hydrogen bonds. Therefore, 

hydrogen bonding crosslink between elastomers can effectively improve the deformability of 

CP/elastomer semiconductor composites while maintaining device performance. 

Maintaining electrical properties upon stretching and cyclic stretching plays a vital 

role in practical use. Next, the device’s electronical property under cyclic mechanical stretch 
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was investigated. The study focused on using 150% strain. The composite sample were 

deposited onto the crosslinked elastic PDMS substrate. Then the bilayer sample was 

cyclically stretched using a motorized tensile stage. The charge mobility remains constant 

upon stretching (Figure 2a, S19-22). Furthermore, high charge mobility value of the 

semiconductive composite can maintain over 100 repeated stretching cycles to 100% strain at 

0.01 cm
2
 V

-1 
s

-1
 (Figure 2b, S23-24). These results indicate the 20% DPP-T/PIB-Amide 

composites show high stability upon stretching and cyclic stretching, which is related to the 

stable crystallite structure as discussed below.  

 

Figure 2. a) Charge carrier mobility of 20% DPP-T/PIB-Amide composites film upon 

stretching and recovery in parallel and perpendicular direction to charge transfer direction at 

different strains without annealing. b) Mobilities of 20% DPP-T/PIB-Amide composites film 

as a function of 100% strain stretching cycles parallel to the charge transport direction. 

 

The deformation mechanism of 20% DPP-T/PIB-Amide composites was performed to 

understand the stable charge mobility using multi-model characterization, including WAXS, 

polarized UV-vis absorption spectra, and AFM (Figure 3).
[20]

 WAXS was first performed to 
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investigate the crystallite domain alignment of DPP-T upon stretching. 2D scattering pattern 

and 1d line-cut profiles were shown in Figure 3a and S25-26a. From 2D scattering patterns, 

the (100) peak attributed to the lamellae packing peak was isotropic at the first 150% strain, 

indicating no obvious crystallite alignment. At 200% strain, the (100) peak began to become 

slightly anisotropic, demonstrating the crystallite packing direction started to rotate, and align 

to the stretch direction. Orientation parameter f was calculated based on pole figure analysis 

of (100) peak to quantify the degree of crystallite alignment (Figure S26b).
[20]

 f showed a 

slight enhancement of 0.09 at the initial 150% strain and 0.16 at 200% (Figure 3c), indicating 

that the crystallite domain of DPP-T showed little alignment for the first 150% strain and 

moderate alignment at 200%. Besides, the lamellar packing distance and FWHM was 

calculated from WAXS of unstretched 20% DPP-T/PIB-Amide thick film (Table S4), which 

was similar to the thin film from GIWAXS indicating the thickness of film didn’t 

significantly influence the morphology. Polarized UV-vis was next to study the whole DPP-T 

polymer chain alignment. The normalized absorption spectrum for 20% DPP-T/PIB-Amide 

composite films under strain was plotted in Figure 3b, where peaks at ~591 nm and ~499 nm 

were assigned to the 0→0 and 0→1 peaks, respectively. Orientation parameter f change 

based on polarized UV-vis was calculated from the dichroic ratio, R, which was given by f = 

(R−1)/(R+1). Orientation parameter f also slightly increased to 0.08 for 100% strain, which 

was much lower than the reported pure DPP polymer value (f = 0.36 at 100% strain).
[20]

 Thus, 

the whole chain of DPP-T also only aligned a little. Combining results from WAXS and 

polarized UV-vis, we concluded that the high modulus CP component in composites almost 

didn’t contribute to the first 150% strain, which supported the stable charge mobility upon 

stretching.  

The impressive deformability of the semiconductive composite should be related to 

the soft elastomer domain, which should account for large strain upon stretching. To certify 
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the contribution of the PIB-Amide component on stretched composites, AFM was performed 

(Figure 3d, S27). The white region, where there is higher phase shift in the tapping image, 

represents the softer elastomer phase, whereas the dark brown region represents high 

modulus DPP-T domains. At the strain of 150%, the white phase, PIB-Amide, and large 

DPP-T aggregation was stretched. In contrast, the fibril-aggregation remained constant, 

indicating that the deformation of elastomer and deformation of large DPP-T aggregation 

contributed most of the first 150% strain, agreed well with the result from WAXS and 

polarized UV-vis.  

 

 16163028, 2023, 42, D
ow

nloaded from
 https://advanced.onlinelibrary.w

iley.com
/doi/10.1002/adfm

.202303031 by O
ffice O

f Scientific A
nd T

echnical Inform
ation, W

iley O
nline L

ibrary on [19/08/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



 

 

 
This article is protected by copyright. All rights reserved. 
 

Figure 3. Deformation mechanism of 20% DPP-T/PIB-Amide. a) 2D scattering patterns of 

stretched 20% DPP-T/PIB-Amide composite films at 0, 150 and 200% strain from WAXS. b) 

Polarized UV-vis absorption plot of 20% DPP-T/PIB-Amide composite films at 0, 20, 50, 

100, and 150 % strain. c) Herman’s orientation parameter f versus strain based on WAXS and 

polarized UV-vis. D) AFM phase images of stretched 20% DPP-T/PIB-Amide composite 

films at 0, 50, and 150% strains. 

 

Self-healing ability is an important property allowing for repair local defect under 

cyclic mechanic stress for wearable device in real life scenario. Due to the self-healing ability 

of PIB-Amide, we expected the DPP-T/PIB-Amide composites should also perform strong 

self-healing ability. The self-healing ability of 20% DPP-T/PIB-Amide composites was 

evaluated in two different methods, named ‘scratching film test’ and ‘cutting film healing 

test’ here respectively. The scratching film method was first performed. In detail, a thick 

composite film was drop-casted onto a flat silicon wafer and scratched using a razor blade to 

introduce a scratch into the film (Figure 4a). The scratched composites were placed in an air 

environment without any additional thermal or solvent vapor treatment. To evaluate the self-

healing ability, the gap change was monitored using both optical microscopy (OM) and 

profilometer from 0 to 30 min after scratching (Figure 4a). The gap is quickly healed from 

OM images, where the scratch becomes lighter in color after 5 mins and almost disappeared 

after 30 mins. The thickness change of the gap was measured by profilometer to quantify the 

healing processing (Figure 4b). After scratching, a ~1.5 um crack was generated and became 

lighter and lighter within 30 min (~1 um for 8 min, 0.5 um for 15 min and 0.1 um for 30 

min). Tensile test was then performed to calculate the self-healing efficiency, given by the 

ratio of COS after self-healing and COS of unscratched composite films.
[80]

In 5 mins, the 
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self-healing efficiency of 20% DPP-T/PIB-Amide composite reached 94% and 100% after 15 

mins (Figure 4c). Therefore, the 20% DPP-T/PIB-Amide composite showed excellent self-

healing ability. To demonstrate the mechanism of self-heal of 20% DPP-T/PIB-Amide 

composite, the self-healing efficiency of a control sample using non-hydrogen bonding 

crosslink composite (20% DPP-T/PIB-Br) was also measured (Figure 4c). The self-healing 

efficiency of DPP-T/PIB-Br composite film was 10% for 5 mins and increased to 56% at 30 

mins indicating PIB itself has some healing ability due to the low glass transition temperature 

to promote local chain diffusion and chain entanglement. However, such capability is not on 

par with the composite using rubber matrix with hydrogen bonding crosslink, where the self-

healing ability improved significantly. Therefore, the strong self-healing ability of 20% DPP-

T/PIB-Amide composite is attributed to both the association effect of entanglement of PIB 

chains and hydrogen bonding crosslink. AFM was used to study morphology on the healed 

part. The healed film showed similar morphology but larger phase separation (Figure 4d).  

The cutting film method is another method we used here to demonstrate the self-

healing ability. Bulk composite films were first drop-cast on Si wafers. After immersing in 

liquid nitrogen, the bulk film was cut into two separate pieces. The separated pieces were 

pressed again for 25 seconds, followed by being stretched (See supporting Movie S2). The 

two parts successfully stuck and showed high stretchability indicating the self-healing of 

DPP-T/PIB-Amide composites were very fast and strong (Figure 4e).  
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Figure 4. Self-healing ability of 20% DPP-T/PIB-Amide composite films. a) Optical 

microscope (OM) images of scratched semiconducting film through a self-healing process. b) 

Thickness map of scratched composite films through the self-healing process. c) Self-healing 

efficiency through the self-healing process. d) AFM phase images of healed composite films. 

e) Photographs of the self-healing process of composites from ‘cutting film’ method. 

 

3. Conclusion 

In summary, we successfully synthesized hydrogen bonding crosslinked elastomer, 

PIB-Amide, to fabricate a CP/elastomer composite with record highest crack-onset strain of 

1500%, the low elastic modulus of 1.6 MPa, blending ratio-independent charge mobility of 

~0.09 cm
2
 V

-1
 s

-1
 and stable electrical property upon cyclic stretching. Morphology study 

indicated the elastomer domain accommodated most of the strain upon stretching, allow the 
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electronic active conjugated polymer fibril phase to remain intact, allow maintaining a high 

and stable charge carrier mobility. The strong self-healing ability originates from the 

association effect of chain entanglement of PIB and the dynamic nature of hydrogen bonds. 

This work developed a new semiconducting composite with all-around high performance, 

which enriches the stretchable semiconducting polymer and provides a guideline for the 

future design of stretchable semiconductors.  

 

Supporting Information  

Supporting Information is available from the Wiley Online Library or from the author. 
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