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Coordination bond is effective for constructing functional 

self-healing materials due to the tuneable bond strength and 

metal-ion-induced functionalities. In this work, we 

incorporate a Cobalt(II) triazole complex into 

polydimethylsiloxane (PDMS) matrix. The resulting polymer 

show solvatochromic behaviour as well as self-healing 

properties. 

Most natural biomaterials have an innate ability to self-

heal or self-repair upon encountering damages. For example, a 

minor wound on human skin can be completely healed over 

time. To mimic the self-healing properties of natural 

biomaterials and extend the lifetime of the material in 

numerous applications, many synthetic self-healing polymers 

which can repair the internal and external damages have been 

developed.1The initial polymeric self-healing materials relied 

on micro-encapsulated healing agents within the bulk polymer. 

Due to the consumption of the encapsulated agents, the repair 

in such system is not repeatable.2,3 To solve this problem, 

reversible bonds (such as alkoxyamine,4 disulfide5,6), cross-

linking reaction (such as diels-alder reaction,7,8 radical 

dimerization reaction,9 cycloaddition reaction10,11) or weak 

dynamic bonds (such as hydrogen bonds,12-16 π–π stacking 

interactions,17-19 host–guest interactions20,21) are typically 

incorporated into polymers as cross-linkages so that they will 

break first upon damaging and reform after external stimuli, 

leading to repeatable self-healing.22-24 

Recently, coordination bond has been demonstrated to be 

effective for constructing high efficient self-healing.25-32The 

strength of coordination bond is between covalent bond and van 

der Waals' interactions and most importantly, they can be 

tuned. By careful selection of the combination of ligand and 

metal ion, it is possible to tune the bond strength into weak and 

dynamic which are favourable for self-healing. Moreover, with 

the introduction of metal ions into polymer matrix, the polymer 

can show various functions such as chromism, luminescence, 

magnetism, and nonlinear optics. 

Cobalt(II) can coordinate with 1,2,4-triazole or triazole 

derivatives to form two kinds of Cobalt(II) coordination 

polyhedron: distorted octahedron 33,34  and tetrahedron.35 The 

two coordination modes can be reversibly transformed upon 

external stimuli (such as healing, cooling or adding solvents), 

thus may provide a possibility for self-healing. In this work, we 

incorporate a Cobalt(II) triazole coordination complex into 

polydimethylsiloxane (PDMS) matrix (Scheme 1). Upon 

damaging, the polymer film can be healed upon heating. 

Moreover, the colour of the film changed from blue to light 

pink upon dipping into water or methanol due to the change of 

coordination number of Co(II) from 4 to 6. More interestingly, 

owning to the reconfiguration of Co(II)-Ntriazole coordination 

bond during the solvent-induced chromic process, the damaged 

film can be healed at room temperature if the cut surface were 

pre-treated by dipping into methanol solvent. 

 
Scheme 1 Structure and preparation of the chromic and self-healing polymer. 
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The synthesis of the polymer is described in detail in the 

experimental section. Briefly, the triazole-containing PDMS 

(TIA-PDMS) polymers were prepared by crosslinking between 

bis(3-aminopropyl) terminated poly(dimethylsiloxane) and 5-

(4H-1,2,4-triazol-4-yl)isophthaloyl dichloride. Subsequently, 

the TIA-PDMS polymers were coordinated to Co(II) by a 

ligand substitution reaction with CoCl2 (FigureS1,†ESI). A 

ligand to metal molar ratio of 2:1 was used based on literature 

and UV-Vis titration results (Figure S2). TGA and DSC 

analysis showed that the polymer have a Tg below -100 °C is  

thermally stable below 200 °C. The mechanical property of the 

as prepared film (Co-TIA-PDMS) was measured in air, at room 

temperature, via tensile-strain tests. The as prepared film can be 

stretched to 560% of its original length and have a Young’s 

modules of 1.12MPa, which is significantly higher than typical 

self-healing material. The self-healing property of the polymer 

is illustrated in Figure 1. The healing property was evaluated by 

both microscopy and tensile test. As shown in Figure 1a, the 

notch on the film almost disappeared after healing at 120 °C for 

24 h although distinct healed scars are still visible. In a more 

quantitative way, the healing efficiencies were evaluated by 

tensile-stress curves. It can be seen from Figure 1(b,c) and 

Table S1 (†ESI) that healing efficiencies is a function of 

healing time and healing temperature. Longer healing time and 

higher healing temperature will result in higher healing 

efficiencies. However, the toughness of the film decreased upon 

continuous heating at high temperature. This is due to that the 

uncoordinated Co(II) ionic clusters were formed during heating 

and healing, thus leads to its incomplete insufficient 

crosslinking. 
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Fig. 1 The self-healing property of the Co-TIA-PDMS film. a). Microscopic 

image of the film before and after healing at 120 °C; b).The stress-strain curves of 

the film healed at different temperature for 24 h; c).The stress-strain curves of the 

film healed at 120 °C for different time. d) The stress-strain curves of the film 

healed at RT with pre-treatment by methanol.  

The as prepared polymer film also show solvatochromic 

properties. When dipped into water and methanol, the colour of the 

film changed from blue to light pink (Figure 2a). UV-Vis diffuse 

reflectance spectroscopy revealed that the main bands of the 

complexes had significant changes after treating with water or 

methanol (Figure 2b). The original film displays optical bands at 

627, 667 and 689 nm, which is similar with those in solution (Figure 

S2, †ESI) and characteristic for four-coordinated tetrahedral 

Cobalt(II) complex.35 After dipping into water or methanol solvent, 

the bands at 627, 667 and 689 nm almost disappeared. The resulting 

spectra are typical for six-coordinated octahedral Cobalt(II) 

complexes. The light pink film can return to its original colour 

through heating for several minutes or exposure in air for hours. 

Several other solvents were also investigated, but only water and 

methanol show distinct chromic behaviour (Figure S3, †ESI). 
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Fig. 2 a) Photograph of solvatochromic process; b) UV-Vis diffuse reflectance 

spectroscopy for samples before and after dipping into solvents.  

As the coordination of Co(II) ion changed between four-

coordinated to six-coordinated during the solvatochromic process, 

we envisaged that such a reversible change of coordination 

configuration may facilitate the self-healing. Therefore we 

investigated the effect of solvent pre-treatment on self-healing 

properties. We dipped the cut film into methanol till its colour 

change from blue to light pink, and then exposure the film in air at 

room temperature for different times. The damaged film can be 

healed at room temperature (Figure S4, †ESI).  The colour of the 

healed film turned back to blue again. The colour change can be 

used to monitor the self-healing process through naked-eye. The 

toughness of the healed film was not reduced since no healing is 

needed, as shown in Figure 1(d). Moreover, in comparison to the 

film after high temperature healing, which show indistinct chromic 

behaviour upon dipping into water or methanol, the film after 

methanol-assisted room temperature healing show the same chromic 

properties as the original ones. 

Scheme 2 illustrates the difference of self-healing mechanism 

with and without methanol pre-treatment. For self-healing without 

methanol pre-treatment, the healing is due to formation of ionic 

clusters.29 The crosslinking units consist of an doubly positively 

charged Co(II) centers, which could trigger the formation of ionic 

clusters. Owning to the insufficient mobility of ionic clusters in the 

polymer matrix, some Co(II) ions are unavailable for bond 

reformation upon heating and healing. Therefore, heating healed 

films show lower toughness due to insufficient crosslinking. 

However, for self-healing with methanol pre-treatment, the healing 

is due to the reversible transformation of coordination pattern of 

Cobalt(II) between four-coordinated to six-coordinated. During this 

process, some of the Co(II)-Ntriazole bonds are disassociated and 

exchanged, thus leading to the healing of the damaged films. As the 

Co(II) complexes are not fully disassociated during this process, no 

free Co(II) ions or ionic clusters are generated and therefore the 

toughness of the healed are not significantly reduced. 
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Scheme 2.The possible self-healing mechanism after dipping into methanol 

In summary, we have developed a self-healing polymer 

with solvent-induced chromic property film by incorporation of 

a Cobalt(II) triazole complexes into PDMS matrix. The 

preparation of the polymer is very simple and controllable. The 

self-healing property is dependent on healing time and 

temperature. The polymer film can change colour from blue to 

light pink upon dipping into water or methanol solvents due to 

the coordination conformation change between four-

coordinated to six-coordinated. The reversible change of 

coordination configuration facilitates the self-healing process. 

The film can be healed at room temperature if the damaged 

films are pre-treated by dipping into methanol solvents. Such 

features are intriguing in self-healing materials and our 

materials can be useful as solvent detecting materials with 

prolonged lifetime. 

This work was supported by the Major State Basic Research 

Development Program (Grant Nos. 2011CB808704, 

2013CB922100, and 2011CB933300), and Doctoral Fund of 

Ministry of Education of China (20120091130002). We thank 

Prof. Zhenan Bao (Stanford University, USA) for the helpful 

discussions. 

Notes and references 
aState Key laboratory of Coordination Chemistry, School of Chemistry 

and Chemical Engineering, Collaborative Innovation Center of Advanced 

Microstructures, Nanjing University, Nanjing 210093, China. 

E-mail addresses: chli@nju.edu.edu; youxz@nju.edu.cn 

†Electronic Supplementary Information (ESI) available: Syntheses and 

characterization of polymers, and supplementary figures.  

See DOI: 10.1039/c000000x/ 

1 W. H. Binder (Ed.), Wiley VCH: Weinheim, 2013. 

2 S. R. White, N. R. Sottos, P. H. Geubelle, J. S. Moore, M. R. Kessler, S. 

R. Sriram, E. N. Brown and S. Viswanathan, Nature, 2001, 409, 794. 

3 K. S. Toohey, N. R. Sottos, J. A. Lewis, J. S. Moore and S. R. White, 

Nat. Mater., 2007, 6, 581. 

4 C. Yuan, M. Rong, M. Zhang, Z. Zhang and Y. Yuan, Chem. Mater., 

2011, 23, 5076. 

5 J. A. Yoon, J. Kamada, K. Koynov, J. Mohin, R. Nicolay,Y. Zhang, A. 

C. Balazs, T. Kowalewski and K. Matyjaszewski, Macromolecules, 

2012, 45, 142. 

6 J. Canadell, H. Goossens and B. Klumperman. Macromolecules, 2011, 

44, 2536. 

7 X. Chen, M. A. Dam, K. Ono, A. Mal, H. Shen, S. R. Nutt, K. Sheran, 

and F Wudl, Science, 2002, 295, 1698. 

8 N. Bai, K. Saito and G. P. Simon, Polym. Chem., 2013, 4, 724. 

9 B. Ghosh and M. W. Urban, Science, 2009, 323, 1458. 

10 C. M. Chung, Y. S. Roh, S. Y. Cho and J. G. Kim, Chem. Mater., 

2004, 16, 3982. 

11 A. Phadke, C. Zhang, B. Arman, C. C. Hsu, R. A. Mashelkar, A. K. 

Lele, M. J. Tauber, G. Arya and S. Varghese, Proc. Natl. Acad. Sci. 

U. S. A., 2012, 109, 4383. 

12  J. Cui and A. del. Campo, Chem. Commun., 2012, 48, 9302. 

13 R. Zhang, T. Yan, B. D. Lechner, K. Schroter, Y. Liang, B. Li,  F. 

Furtado, P. Sun and K. Saalwachter, Macromolecules, 2013, 46, 

1841. 

14 H. Zhang, H. Xia and Y. Zhao, ACS. Macro. Lett., 2012, 1, 1233. 

15 B. C. K. Tee, C. Wang, R. Allen and Z. Bao, Nat. Nanotech., 2012, 7, 

825. 

16 J. Jeon, H. B. R. Lee and Z. Bao, Adv. Mater., 2013, 25, 850. 

17 S. Burattini, H. M. Colquhoun, J. D. Fox, D. Friedmann, B.W. 

Greenland, P. J. F. Harris, W. Hayes, M. E. Mackay and S. J. Rowan, 

Chem. Commun., 2009, 44, 6717. 

18 S. Burattini, B. W. Greenland, D. H. Merino, W. Weng, J. Seppala, H. 

M. Colquhoun, W.   Hayes, M. E. Mackay, I. W. Hamley and S. J. 

Rowan, J. Am. Chem. Soc., 2010, 132, 12051. 

19 S. Burattini, B. W. Greenland, W. Hayes, M. E. Mackay, S. J. Rowan 

and H. M. Colquhoun, Chem. Mater., 2011, 23, 6. 

20 M. Nakahata, Y. Takashima, H. Yamaguchi and A. Harada, Nat. 

Commun., 2011, 2, 511. 

21T. Kakuta, Y. Takashima, M. Nahahata, M. Otsubo, Y. Yamaguchi and 

A. Harada,   Adv. Mater., 2013, 25, 2849. 

22 Y. C. Yuan, T. Yin, M. Z. Rong and M. Q. Zhang, Polymer Letters, 

2008, 2, 238. 

23 D. Y. Wu, S. Meure and D. Solomon, Prog. Polym. Sci., 2008, 33, 

479. 

24 Y. Yang and M. W. Urban, Chem. Soc. Rev., 2013, 42, 7446. 

25 W. Weng, J. B. Beck, A. M. Jamieson and S. J. Rowan, J. Am. Chem. 

Soc., 2006, 128, 11663. 

26 K. A. Williams, A. J. Boydston and C. W. Bielawski, J. R. Soc. 

Interface., 2007, 4, 359. 

27 M. Burnworth, L. Tang, J. R. Kumpfer, A. J. Duncan, F. L. Beyer, G. 

L. Fiore, S. J. Rowan and C. Weder, Nature , 2011, 472, 334. 

28 N. Holten-Anderson, M. J. Harrington, H. Birkedal, B. P. Lee, P. B. 

Messersmith, K. Y. Lee and J. H. Waite, Proc. Natl. Acad. Sci. U. S. 

A., 2011, 108, 2651. 

29 S. Bode, L. Zedler, F. H. Schacher, B. Dietzek, M. Schmit, J. Popp, M. 

D. Hager and U. S. Schubert, Adv. Mater., 2013, 25, 1634. 

30 Z. Wang and M. W. Urban, Polym. Chem., 2013, 4, 4897. 

31 J. Yuan, H. Zhang, G. Hong, Y. Chen, G. Chen, Y. Xua and W. Weng, 

J. Mater. Chem. B., 2013, 1, 4809. 

32 G. Hong, H. Zhang, Y. Lin, Y. Chen, Y. Xu, W. Weng and H. Xia, 

Macromolecules, 2013, 46, 8649. 

33 E. V. Lider, E. V. Peresypkina, L. G. Lavrenova, L. A. Sheludyakova, 

A. I. Smolentsev, T. I. Yaroshenko and V. N. Elokhina, Russ. J. 

Coord. Chem., 2012, 38, 353. 

34 F. J. Rietmeijer, G. A. Vanalbada, R. A. G. Degraaff, J. G. Haasnoot 

and J. Reedijk, Inorg. Chem., 1985, 24, 3597. 

35 K. Kuroiwa, T. Shibata, A. Takada, N. Nemoto and N. Kimizuka, J. 

Am. Chem. Soc., 2004, 126, 2016. 

 

Page 3 of 3 ChemComm

C
he

m
C

om
m

A
cc

ep
te

d
M

an
us

cr
ip

t


