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Figure 1 = Self-healing mechanism based on non-covalent bonds for a polymer material-'*”
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Figure 2 (A) Schematic illustration of the structure of self-healing hydrogels; (B) Deprotonated cylindrical hydrogels at
pH 7.4 (Left) heal in low-pH solution (pH<{3) (Right); (C) Healed hydrogels carrying their own weight(s) (Left)
and being stretched manually (Right) illustrate the weld-line strength; (D) The healed hydrogels at low pH
(Left) separate after exposure to a high-pH solution (with pH > 9) (Right)!*.
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Figure 3 The hydrogen bonding oligomers reported by Leibler et al
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Figure 4 Schematic representation of the proposed self-healing mechanism for the blend comprising the

chain-folding polydiimide i and the pyrene end-capped siloxane ii"**’
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Figure 5 ESEM images (magnification _200) of (a) the fractured film of the blend between i and
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Figure 6 Structures of complementary polymer
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Figure 7 Photographs before (A) and after stretching of a hydrogel sample formed in 0. 5M NaCl (B).

(C) After cutting into two pieces and pressing the fractured surfaces together, they merge into a single piecet*?]
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Figure 8 Step strain measurements. G' (blue dots) and G’ (red dots) values of the pAA-6_CD/pAA-Fc

hydrogel (2wt%) in continuous step strain measurements (25°C )]
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Figure 9  After standing for 24h, two cut pAA-6RCD/pAA-Fc hydrogel pieces were rejoined,

and the crack sufficiently healed to form one gel**!
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Figure 10  (a) Fluorescence confocal microscopy images of healing process. (b,c) Optical images of gels:

(b) after cutting into two pieces and attaching the fractured surfaces together for 20h, the cracks were successfully cured;
(c) sample was cut into three small blocks and reassemblied into an “H” shape. After pressed for 20h,

the recontacted block was bent and stretched "
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Figure 11  Self-healing process of supramolecular gel sample made of dibenzo[ 24 Jcrown-8(DB24C8) groups and bisammonium

a) supramolecular gel, b) after damage, ¢) after free standing for 2min, d) after free standing for 4min*>
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Figure 12 Hydrogelation by mixing CNSs and triblock polymer binders in water'®’
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Figure 13  Shape memory profiles of self-healing supramolecular hydrogels composited of triblock polymers and clay-**]
K B TR A T ) B 02 A5 TN AR R A A A S TR I R D TR v R T e A T A R
TP R 55 48] 7K B8 S o KA ot VD i P2 floh BB % S 0 L N BB 2 CAn &1 14 i s ) 5 T R n & Ak Bk 1)
e SR BE R AR LA B B NG . X ULH] 1 B 8 52 i A s 30 o 2K 8 R 3R TN s TR A R B 1) 1 R T

10. 14028/j. cnki. 1003-3726. 2015. 04. 001



5 430 [ S S R © 9 .

R Bl Bk B 1 AR IR AL VAT A il P S8 Y o i — 2P IR R T 2 A A o s Ik, SR i R 0 O S TR
PR 25 A4y IS BE S AT 99 V0 BB S A3 AU % RE i AL AR P BB L - 7T LA Z M AT, e Ah AR & 8 %
JKBRE R it ML K S S o M P EG A 52 P R IR B LA D i PR O 0 BEE B 1o FH DL L 15) o oK o M A
REVRRE AR LAR S5 U R A AR DL A B, 59K 0 R B8 B 1 9 77 7 R 17 3% BB JC A7 2B ) B = 45
SR L

Stretching
g llllllll:lllll]"l:lllII]IIl:lllllll"ulIlI,IIl:lllll]lll”llll'llllll ]

R L T

14 Ca) FA 2T 0 58 0 I IR 4 AN AL BB Y B 18 B2 BE I 4540, (b~e) 83l T B AT B W L BE I AL B SR 2 72
(D185 J5 B e L 32 24 A 200 %607
Figure 14 (a) Schematic illustration of the covalent cross-linking structure of the self-healing hydrogel made of
poly(acrylate sodium) and ferric chloride, (b~e) Self healing of a cylindrical hydrogel at room temperature.

(f) Stretching the self-healed hydrogel up to ~200 %"
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Figure 15 The use of a dried self-healing hydrogel film as a protective coating

[47]

2 #whEERE

FHE 2 A WA R BB B e — 8T ELE AT 58 il i A . i T R AME R A B2
FEEEE S 00 R BRAE 2 T 25 PR AR SO B A AR AR R 9 12 52 RS W LR AR BUAATTAY G . e A BE
FHRHSAT AT R D A2 1y = 2 | Tl A0 P 3 45 00 A5 R TR R

AU HEIE BN B A S RERIAR LU R AR IS B BB SRR T S i AT SR AT A N /N 22 B (HUR AR
A B A 22 08 SIE PS5 A0 7 ) R (AT R A8 S B A 2 W A SRR R TR ) A5 e A
MAE . Guan G555 1 AR 22 UE S R T AR 43 285 110 i 5 e 3R 4 ) v A0 P UM RO A LA A8 SR
P b BA LS 1A MERE . BeAh SR A S0 S T RE VR AL B G, O 0 1 2k T ARIL M i
BEAR J o e . H AT 55 T AR AN S A AR B A 18 B2 RS W R AT R A A R K e B BL

TETF KB SR R B R BF 50 5 ATl — BB SR A e e Z AE e BB L. I Bao 45
K TIOK G BR ORE 23 T A5 SV BETES J0 1)JE  7 TR AR 5 4 v o il o 5 b — R T g R0 25y 3 00 o g i
HE&EHBE DM N TR TRk S bRE Sz 40, 0 B 78 BB0RE 19 785 70 7 5582 sl O E nid U i s B
IR AR IF BAEE 5 8k S PR RS B L S B T HLAR R BE M R e M BE O R B AL

10. 14028/j. cnki. 1003-3726. 2015. 04. 001



- 10 - I A 2015 4F 4

Chen 255 f i 4 B REBR KRS B B B A B D Re i B AR L 1 4 1T 6 4% [ I L 2% 07 2% M il ol 27 1k
AE AL 1B 2 D RER s AR ATRE FF A IZ R A R & T B AR I RER B A R R Ay . XM R ZE MR
B S BB RE R R R ) 46 v P E A 52 & 18 A9 B 22 J5ORE , 78 B~ 071 78 MR b B2 P U A 45 2 EE AL

SUE AT T AR LA B 09 BB AR T R 1R E 19 AR L (H R 2 BT 5 300 2 B v A 38 1 18
SRR SHEE T RZECIEIL M BT i [ 18 = b RHE B> R AR 5T dnxh T 3 @ B B
IR E) B B A% PR AR ] DA R A A W B o AR W A% R A R A AR . b IR R IE SR T H B E Y
NIRRHR A5 B 1 PE LS Rt i b 6 T4 RS R a4 77 X A 18 &2 1 B 5838 AR D 48 B2 0R (9 VA A 1
AR, IX 4 [a) f AR iy T 50 2 3L () A ok

5 Sk -

[1] White S R,Sottos N R, Geubelle P H, Moore J S, Kessler M R, Sriram S R, Brown E N, Viswanathan S. Nature, 2001,409.794
~1797.

[ 2] He S M,van Dijk N H,Schut H,Peekstok E R,van der Zwaag S, DOI;10. 1103/PhysRevB. 81. 094103.

[ 3] Lumley R N,Morton A J,Polmear I ]J. Acta Mater, 2002,50:3597 ~3608.

[4] van der Zwaag S,van Dijk N H,Jonkers H M, Mookhoek S D,Sloof W G. Philos. Trans. R. Soc. London, Ser. A, 2009,367:1689
~1704.

[ 5] Mohanty D,Sil A,Maiti K. Ceram Int, 2011,37:1985~1992.

[ 6] Luyten J,Thijs I,Ravelingien M,Mullens S. Adv Eng Mater, 2011,13:1002~1007.

[7] Kang K,Yun J. J Ceram Process Res, 2011,12:583~587.

[ 8] Imato K,Nishihara M,Kanehara T, Amamoto Y., Takahara A,Otsuka H. Angew Chem Int Ed, 2012,51:1138~1142.

97 Appel EA,Loh X J.Jones S T,Biedermann F,Dreiss C A,Scherman O A. ] Am Chem Soc, 2012,134:11767~11773.

[10] Amamoto Y,Otsuka H, Takahara A,Matyjaszewski K. Adv Mater, 2012,24:3975~3980.

[11] Stukalin E B,Cai L.-H,Kumar N A, Leibler L., Rubinstein M. Macromolecules, 2013,46:7525~7541.

[12] Pepels M,Filot I,Klumperman B,Goossens H. Polym Chem. 2013,4:4955~4965.

[13] Barthel M J,Rudolph T, Teichler A,Paulus R M, Vitz J, Hoeppener S, Hager M D,Schacher F H,Schubert U S. Adv Funct Mater,
2013,23:4921~4932.

[14] Jin H,Mangun C L,Griffin A S,Moore ] S,Sottos N R, White S R. Adv Mater, 2014,26:193~193.

[15] Jin H,Mangun C L,Griffin A S,Moore ] S,Sottos N R, White S R. Adv Mater, 2014,26,282~287.

[16] Billiet S, Hillewaere X K D, Teixeira R F A,Du Prez F E. Macromol Rapid Commun, 2013,34;290~309.

[17] Bellan L M,Pearsall M.Cropek D M, Langer R. Adv Mater, 2012,24.5187~5191.

[18] Amamoto Y,Kamada J,Otsuka H, Takahara A,Matyjaszewski K. Angew Chem Int Ed, 2011,50:1660~1663.

[19] Herbst F,Dohler D,Michael P,Binder W H. Macromol Rapid Commun, 2013,34:203~220.

[20] Phadke A,Zhang C,Arman B, Hsu C C, Mashelkar R A, Lele A K, Tauber M J, Arya G, Varghese S. Proc Natl Acad Sci USA,
2012,109:4383~4388.

[21] Cui J,del Campo A. Chem Commun, 2012,48:9302~9304.

[22] Cordier P, Tournilhac F,Soulie-Ziakovic C, Leibler L.. Nature, 2008,451:977~980.

[23] Chen Y,Kushner A M, Williams G A,Guan Z. Nat Chem, 2012,4:467~472.

[247 Du R,Wu J,Chen L,Huang H,Zhang X,Zhang J. Small, 2014,10:1387~1393.

[25] Wang C,Liu N,Allen R, Tok ] B H,Wu Y,Zhang F,Chen Y,Bao Z. Adv Mater, 2013,25:5785~5790.

[26] Greenland B W, Burattini S, Hayes W, Colquhoun H M. Tetrahedron, 2008,64:8346~8354.

[27] Burattini S,Greenland B W,Merino D H,Weng W,Seppala J,Colquhoun H M, Hayes W, Mackay M E, Hamley I W,Rowan S J. ]
Am Chem Soc, 2010,132:12051~12058.

[28] Burattini S,Colquhoun H M, Greenland B W, Hayes W. Faraday Discuss, 2009,143:251~264.

[29] Burattini S,Colquhoun H M, Fox J D, Friedmann D, Greenland B W, Harris P J F, Hayes W, Mackay M E, Rowan S J. Chem
Commun, DOI; 10.1039/b910648k.

[30] Burattini S,Greenland B W, Hayes W, Mackay M E,Rowan S J.,Colquhoun H M. Chem Mater, 2011,23:6~38.

[31] Roy S,Baral A,Banerjee A. Chem Eur J, 2013,19:14950~14957.

[32] Tuncaboylu D C,Sari M, Oppermann W,Okay O. Macromolecules, 2011,44:4997~5005.

10. 14028/j. enki. 1003-3726. 2015. 04. 001



54 = N ¥ iH Eild o 11 -

[33] Tuncaboylu D C,Sahin M, Argun A,Oppermann W, Okay O. Macromolecules, 2012,45:1991~2000.

[34] Tuncaboylu D C,Argun A,Algi M P,Okay O. Polymer, 2013,54:6381~6388.

[35] Jiang G,Liu C,Liu X,Zhang G,Yang M,Chen Q.Liu F. J Macromol Sci, Part A: Pure Appl Chem., 2010,47.:335~342.

[36] Zhang Y.Yang B,Xu L,Zhang X,Tao L.,Wei Y. Acta Chim Sinica, 2013,71:485~492.

[37] Yan Q.Feng A,Zhang H,Yin Y, Yuan J. Polym Chem, 2013,4:1216~1220.

[38] Kakuta T, Takashima Y,Nakahata M,Otsubo M, Yamaguchi H, Harada A. Adv Mater, 2013,25.:2849~2853.

[39] Zeng F,Han Y.Yan Z C,Liu C Y,Chen C F. Polymer, 2013,54:6929~6935.

[40] Yan X,Xu D,Chen J,Zhang M,Hu B,Yu Y,Huang F. Polym Chem, 2013,4:3312~3322.

[41] Liu D,Wang D,Wang M, Zheng Y.Koynov K, Auernhammer G K,Butt H-J,Ikeda T. Macromolecules, 2013,46:4617~4625.

[42] LiS,LuH Y,Shen Y,Chen C F. Macromol Chem Phys, 2013,214:1596~1601.

[43] Nakahata M, Takashima Y, Yamaguchi H,Harada A. Nat Commun,DOI;10. 1038/ncomms1521.

[44] Yu C,Wang C-F,Chen S. Adv Funct Mater, 2014,24,:1235~1242.

[45] Zhang M,Xu D, Yan X,Chen J,Dong S,Zheng B, Huang F. Angew Chem Int Ed, 2012,51:7011~7015.

[46] Tamesue S.Ohtani M, Yamada K, Ishida Y, Spruell J] M, Lynd N A, Hawker C J. Aida T. J Am Chem Soc. 2013, 135: 15650
~15655.

[47] Wei Z,He J,Liang T,Oh H,Athas J, Tong Z,Wang C,Nie Z. Polym Chem, 2013,4:4601~4605.

[48] Chen Y L,Guan Z B. Polym Chem, 2013,4.:4885~4889.

[49] Hentschel J,Kushner A M, Ziller J,Guan Z B. Angew Chem Int Ed, 2012,51:10561~10565.

[50] Tee B C K,Wang C,Allen R.,Bao Z. Nat Nanotechnol., 2012,7:825~832.

[51] Wang H,Zhu B.Jiang W.Yang Y,Leow W R,Wang H.Chen X. Adv Mater, DOI. 10. 1002/adma. 201305682.

Intrinsic Self-healing Polymer Materials Based on Non-covalent
Bond and Their Applications

GONG Zheng-yu', ZHANG Guo-ping'” , SUN Rong'* , WONG Ching-ping'**
(1. Shenzhen Institute of Advanced Technology . Chinese Academy of Sciences, Shenzhen 518055, China;
2. Faculty of Engineering , The Chinese University of Hong Kong, Hong Kong 999077, China)

Abstract: Self-healing materials, which can healing itself after damage, have achieved rapid development. Polymer
materials with self-healing ability include extrinsic self-healing and intrinsic self-healing. There are growing concerns on
intrinsic self-healing polymer materials since they have potential healing ability by itself and can achieve multiple repairing.
Without or little external energy. intrinsic self-healing based on non-covalent interaction can be accomplished efficiently
within few minutes. Those self-healing materials have a great significance for realizing energy conservation and sustainable
development of society. Using different types of non-covalent bonds as clues, this review depicts the progress and
application of intrinsic self-healing polymer materials. Furthermore, the developing direction of this field was also
prospected in this review.
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