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Figure 1 (a) Schematic diagram of the preparation of multifunctional PVA hydrogel by in-situ chemical polymerization

and chemical coprecipitation (physical photos of NFC/NFC/PANI composite, NFC/PANI/MnFe, O, nanocomposite

and multifunctional PVA hydrogel) , (b) PANI polymerized on NCF surface by in-situ chemical polymerization.
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Figure 2 Schematic diagram of preparation of (A) ABEI-FAg@PANI-PA conductive hydrogel and

(B) preparation of ECL biosensor for cell analysis.

350 A A W1 R ARG E L Al AR 2K (32 2y, an ST 2 R IR o . Xu S50 el A T AR AT
Y KK BERE P 21 4 R OK BER T U B B a] 7 U B A A — D00 A A IR R 5 TR 8 A R 5 VR W
— MR AR SR R U LA A UK R TR 2T 2 3R OK R I A 2 T — DN 2 A 2 M 14 s 3R IO, O
L 2 S BE VE FHH 2R 2 M A RORE - [ 8 A S K 2R 38 b o ) 1 B v PR AT A Ot I, mr L

10. 14028/j. enki. 1003-3726. 2020. 06. 003



5 6 3] [/ S S i A 4 © 29 -

LI A K BRI — D B AR AE RO T o3 — A B A B A ROt L TR W] PANT J2 76 21 2 3% 9 — I g 2 3t it
PR AR (WL 3b) o XA PANT/SF 4R R 2 GKBER B AT B4 (9 1 2~ PERE A A My Al 2 ok ml DL 3%
5 2 T R R BN G | 5 S, 55 G R AR W B 2 ORL IV 3 Sy Bl 28 18 SRR RE 88 LT AE A P
() 05 B e BRI T B A(E B, Li 5 G VR AR VR AR PR 45 T PVA K BRI . P4 T1] 205 24 il R A
TR LA R R i BAAIR  RETR A WO N B PV A JK BRI T L AR i R S A R R e A B A R
TR PVA JKEEIE 5] & R4 N, 3K 75 oL PANT K %EE (PPH) . PPH A9 HL 3R 0] DLIK ] 1.7S »
em L FEARERE N 5. 3MPa, Wi 2 R 25006 .78 0. 5A /g B R R H A PR R R IA ] 9000,
I B BAT P 4 ] 39 F A A% 77 BE 0 AR AR PR RE L T I8 T A AR 2 [ A PR A

.
:

'

i

'

‘g } r
, -
S~
o y
0

F1270A F127DA micelles

Conductive side

" PNIPAAm chains — " PANI chains

{3 (a) F-PNIPAAm/PANI /K §E MK W 45 454 (1 i L (b) ORI /27 4 5 B A KB (il & e B A i PR sE R B A .
Figure 3 Schematic diagram of (a) F-PNIPAAm/PANI hydrogel network structure and

(b) preparation device and conductivity of PANI/cellulose composite hydrogel.
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Figure 4 Schematic diagram of (a) the preparation of DN-PGH/PANIPA rigid hydrogel. (b) PGH/GO and PPD
hydrothermally prepared hydrogel, (¢) DN-PGH/PANIPA hydrogel aniline polymerization in PGH network,
(d) molecular structure (left) and scanning electron microscope image (right) of DN-PGH/PANIPA hydrogel,
(e) hydrogel in the bear weight of 15g.
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Figure 5 Chemical structure and morphology of polyaniline hydrogel doped with phytic acid gel:
(A) a three-dimensional hierarchical diagram of gelation polyaniline hydrogel as a dopant and crosslinking agent,

(B) photographs of polyaniline hydrogels in glass bottles.
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Figure 7 Schematic diagram of a biology-device interface.

PR B R 2 A 2- IR FE-A[11-1 -9 B B (UPy) 5 B4R g 32 36 500F A PR SRR e/ B (48 LR iR )
(PANI/PSS) M4, T BA) PANI/PSS H.28 W 45 K BEIE A A S8 0] LAGA 3] 13S « m ' I HE A RAFH
2 1 ) 1 o RN 80 = 3. 4) o DT AT LA B R AT S5 b ARG 0 45 b A A432 By Rl S 4 5 6 1 RT3 L K
JEE T L5 {6 b g 9B 5 AR R BRI HAE GG 30 PN RN e ARBE ., B T 554
RE W S5 A 0 5 K BE R B A Z U 1 L D SE D) e MR B AR R TR 0 UL R R AR T L AE 3D 4T
EINCIE-S i@ I ER iRk T L AN VA

Wei %1905 1 45 47 5B 48 A AL B/ B 2K M (GO/PANTD) 5 #4137 M 58 (N -5 19 56 T4 0 It e ) 7K o8 i
(PNIPAAM) B AR (GCE) , % 1T T —Fp B K 45 1 R AT 228 J 4 19 3 21 41 (NTR) S Wi 1y B 37
AW SR . TR T SRR (PAND 44 K 47 48 5 v A b A 5206 (GO) I #5285 PNIPAAm
T Tk i i A SRt 1) SR A EVE . e A G R B R K R R I 4% R B R AE . L. GO/PANT 44K
W0 R B 3D 7K I A 0 A% TR EL AT P S (R AL AR M BE R GUT £ A R R L 1R AT £ A S i ke AR L%
R B AR AN AL A AE TC VR VR 17 100 0 2 LT 1 AR 1 (BSAD #E4T 204N Ve i T Re . 1 HiA A #E 808nm
T LT MG R P33 6 G2 A8 A 1 3R (SRR ORISR BT RE . R, FHAE B AR 22 75 (C V) R Ak 2% B BT 3 (ETS)
Xof 0] 7 Ao FR R AT TR W OF A R (SEMD HEAT T 3k . IR A, Bl 45 19 GO/PANT 4Kk & 4 B
5 A AL T EL A T v R R DR e T B e R S A A T A R T AT AR ' IR B i R
B B Re A 1 O TR T R A g IR

W T —Fh R A SR KR I (FGHD 78 SR Ak A 880 IO 2K IR A 4 b B9 — 25 K $ b 3
I FTRR AT (CC) 423 BR A B K i B il 45 19 FGH/ZREfk CC M R #MA 78 K R R R 1k (Lig) iR 6 T
T B A A M, 3O B 26 B IR Sk / 38 ZE M (Lig/PAND) /K B8 i, 1 45 58 % 19 2149 (Lig/PANI/FGH/
FCC), H Lig/PANI/FGH/FCC B 1M 4 H, SO, Hi ff# W 2H 255 1 B8 X5 FR B 28 B 25 8% . 7E 2mA -
cm P BPEA 1223mF ¢« cm P WA A 169. OWh « cm * IFER BT . XA IR 22 W R FL &5 1 T 4 8
Z 2 2L i BT, S LA R SR A A 7E R 1 R % B A 1 v SR e R RIS A T A B R RE T
— B IRAR

SR EGYIKEER (CPH) R T3 B RS W 09 1 2 MERE FE 221 3D QK 254, i 22 iy — A AL
R TIREM EL X Fh AL o0 254 H A T30 LB LY S I B/ Aok 2540, A )1z I 0 A 5. 2
1M s 11T CPHs @20 45 A A WA 250 « B 1 R g 2 M B 1 S0 S5 st LA by 28 0 B 24 D) B b1 L 19 10 ]
ZEIBRH . R T e RX — A A, Chakraborty 255 48 7 —Fh 2 (97 19 = B AE 0 M8 20 T BE IS il T
B4 0 AR P AR MR R BEI AR ), 5RO R G R R G W R A (PANDS &, WL, B8 T —
FIOUA o3 A5 ML K BERS . DGR R T R R ARME B L N g E AR E, A KEERESA
AR A ALBR NI L A7 A B B (GO B BT T 2MPa, I HL AT 3 1 e 28 Jok v J32 5k 98 35 W . /K o5 e 6 B i

10. 14028/j. enki. 1003-3726. 2020. 06. 003



5% 6 = N ¥ W Eild « 33

DA F A TR SRR DA R L A A R . R AW AR B R KBt T A A Y A R W
1) DR TR I R I ] DUV S G A S . (RS R K BRI b AR 0 LR LA e Y 2 A T
AR KRR A T 4 235 R P A R LA T 50 2850 R TR O AR ORI Sy H 2R LA M Y S BT, A K
BEIR SR D WL ML ZH GO0 0 H Wi R 50 . NIt &G /K BE I BAT AR R i S I 1

3 B#¥

AR SCERAR T 0T o) R A P T HL R BRI Y D v AR A R BIUR L DU R Oy 9 2300 Ol LR LR UL R AL
AR B RS0 O Ao ) g T vk T LA 5 e S Y 1 e e K R G L BV G 1 S UK R R LA RO R Y
SEHR KBRS » b T 2 7 VR B AN TR] L S B K B A g AL e M e LB A UK BRI AT B4 e . AR T , I
SR B I J2 ) A AT BHLRELPE R 119 7K IR M SR R AR L SR Ay S8 07 MUK B TS AN B 45 G T LR e il fE A 2 R R
S5 TR 4 5 R 7K OB T TG P 0 R 4 o] R R SU SR BE AR S AR B A AR PERERY PVA BE
TR BE AR A5 5 ) A A T s VR RE A A AR RE A AR . 3 L K OB I o 0% P 5 e M1 [ 285 Tt
ST AR 09 A R RS B AT A R A 0 KB SR Rkt T LR A 1 ARG I R 7 A 2 v R R IR
Janus 56K 22 Fh 4 B8 5] if 8- WUTE [ — A APRE b AT LUK 7 S B K B8 e LB i DR PE . B R ORTE L 1
7 i /N A R B i A B9 BRI B 8 D7 1ol o A ATk AR5 T R B A RHR R T L L O S B SR
TRl R 20 L 8 i R o 2 e 2 A T O 1) R BE JEE A R . AR R R A Dl B W L A WA A L R
I A 55 22 B 2y RE Y (ol L FRL i 10 2 S P B A P O T W ) T 2R

5 Xk -

[1] ShiZQ, Gao H C, Feng H C, Ding B B, Cao X D, Kuga S, Wang Y J, Zhang L. N, Cai J. Angew Chem Int Ed, 2014, 53(21):
5380~5384.

[2] HurJ, ImK, KimSW, KimS W, KinJ, Chung DY, Kim T H, Jo K H, Hahn ] H, Bao Z A. Hwang S, Park N. ACS Nano,
2014, 8(10):10066~10076.

[3] WuSH, Duan B, Qin X H, Butcher J] T. Acta Biomater, 2017, 60;144~153.

[4] Wang M, Li X, Hua W K, Shen L D, Yu X F, Wang X F. ACS Appl Mat Interfaces, 2016, 8(36):23995~24007.

[ 5] Wang M, Li X, Zhang T H, Deng L, Li P Y, Wang X F, Hsiao B S. Colloids Surf A, 2018, 558.:228~241.

[ 6] Wang M, Li X, Hua W K. Deng L. Li P Y, Zang T H. Wang X. F. Chem Eng J. 2018, 348:95~108.

7] =20, VR g /K BE B 1) 1) 6 Lk REBIF 5 B FE A ZUE S b i . 98« AR AR R 18 3, 2018,

[ 8] AWM. Sk RN S oK BRI A BT RO AR R M i A5 4% P B T A8 - i R R 22 BOR K 183, 2018,

(9] #R2., TH. WhE, Kdk w0 TEHR, 2019, 02:63~74.

(100 REESC, Doz, i, WHEER, RS, BB, Wil . 2018, 11:1~7,

[11] iR, 258, b B, wSOp. marFildi, 2018, 05.73~78.

[12] LiW W, Lu H. Zhang N, Ma M M. ACS Appl Mat Interfaces. 2017, 9(23):20142~20149.

[13] GaoF X, Li W W, Wang X Q. Fang X D, Ma M M. Nano Energy, 2016, 22:19~26.

[14] Zhang W, Feng P, Chen J, Sun Z M, Zhao B X. Prog Polym Sci, 2019, 88:220~240.

[15] WK, FHESW/KEER K5 R Y 5 H i AL 2= P BTIT T . B a0 1 a0 R I8 30, 2014,

[16] Chortos A, LiuJ, Bao Z N, Nat Mater, 2016, 15(9): 937~950.

[17] Amjadi M, Kyung K U, Park I, Sitti M, Adv Funct Mater, 2016, 26(11):1678~1698.

[18] Liao M H, Wan P B, Wen J R, Gong M, Wu X X, Wang Y G, Shi R, Zhang L. Q, Adv Funct Mater, 2017, 27(48):1703852.

[19] Zhao X, Li P, Guo B L., Ma P X, Acta Biomater, 2015, 26:236~248.

[20] Guo B, Ma P X, Biomacromolecules, 2018, 19(6):1764~1782.

[21] Dong R. Zhao X, Guo B. Ma P X, ACS Appl Mater Inter, 2016, 8(27):17138~17150.

[22] Huang Y, Zhong M, Huang Y, Zhu M, Pei Z, Wang Z, Xue Q, Xie X, Zhi C, Nat Commun. 2015, 6:10310.

[23] Guo Y A, Li L, Zhao C, Song L. Y, Wang B H. Sens Actuators B, 2018, 270:80~88.

[24] CuiW Q, HeJ, Wang H, HuJ S, Liu L, Liang Y H. Appl Catal B, 2018, 232:232~245.

[25] YangJ, Wang X, Li B, Ma L, Shi L, Xiong Y J, Xu H X. Adv Funct Mater, 2017, 27(17):1606497.

10. 14028/j. enki. 1003-3726. 2020. 06. 003



« 34 - = i T i 1 2020 4F 6 H

[26]
[27]

[28]
[29]
[30]
[31]
[32]

[33]

[34]
[35]
[36]

[37]

[38]
[39]
[40]
[41]
[42]
[43]
[44]

[45]
[46]
[47]
[48]
[49]
(501

Khorshidi S, Karkhaneh A. Mater. Sci Eng C, 2017, 74:238~245.

Liu K, Pan X F, Chen L. H, Huang L L., Ni Y H, LiuJ, Cao SL, Wang H P. ACS Sustainable Chem Eng, 2018, 6(5):6395~
6403.

Jiang X Y, Wang H J, Yuan R, Chai Y Q. Anal Chem, 2018, 90(14) .:8462~8469.

Zhu F B, LinJ, WuZ L, QuS X, Yin J, Qian J, Zheng Q. ACS Appl Mat Interfaces, 2018, 10(16):13685~13692.

Wu Y B, Chen Y X, Yan J H, Quinn D, Dong P, Sawyer S W, Soman P. Acta Biomater, 2016, 33:122~130.

Martinez M V, Abel S B, Ricero R, Miras M C, Rivarola C R, Barbero C A. Polymer, 2015, 78:94~103.

Wang Z W, Zhou HW, Chen W X, LiQZ, Yan B, Jin X L, Ma A J, Liu H B, Zhao W F. ACS Appl Mat Interfaces, 2018, 10
(16):14045~14054.

XuDF, Fan L, Gao L F, Xiong Y, Wang Y F, Ye Q F, Yu A X, Dai H L, Yin Y X, Cai J, Zhang L. N. ACS Appl Mat
Interfaces, 2016, 8(27):17090~17097.

Li W W, Gao F X, Wang X Q, Zhang N, Ma M M. Angew Chem Int Ed, 2016, 55(32):9196~9201.

Zou Y B, Liu R, Zhong W B, Yang W T. J Mater Chem A, 2018, 6(18):8568~8578.

Pan L J, Yu G H, Zhai DY, Lee H R, Zhao W T, Liu N, Wang H L, Tee BC K, Shi Y, Cui Y, Bao Z N. PNAS, 2012, 109
(24):9287~9292.

Wang Z W, Zhou H W, Lai J L, Yan B, Liu H B, Jin X J, Ma A J, Zhang G, Zhao W F, Chen W X. ] Mater Chem C, 2018, 6
(34):9200~9207.

Tang Q W, Lin ] M, Wu ] H, Zhang CJ, Hao S C. Carbohydr Polym, 2007, 67(3):332~336.

Shi ZJ, Li Y, Chen X L., Han H W, Yang G. Nanoscale, 2014, 6:970~977.

Simotwo S K, Kalra V. Electrochim Acta, 2018, 268:131~138.

Chen XY, Gao S, MiHY, JiCC, LiZ W, Sun L Y., Zhang X G. Appl Surf Sci, 2019, 486:490~498.

Al-S H, Sundaram K S, Kaya E N, Durmus M, Basova T V, Hassan A. Biosens Bioelectron, 2019, 139:111323.

Xu W J, Chen Y Z, Kang ] X, Li BJ. Polym Bull,76(8):4103~4116.

Sanchez . R J, Lopez S N, Fierro J L. G, Gutierrez M C, Ferrer L., Mota M ] D, Luna B G, Monte F. Carbon, 2019, 146.813~
826.

LuJ R, Zhang X, Gao H'Y, Cui W Q. Nanomaterials, 9(3):427.

Hu C X, Zhang Y L, Wang X D, Xing L., Shi L Y, Ran R. ACS Appl Mat Interfaces, 2018, 10(50): 44000~44010.

Chen J S, Peng Q Y, Thundat T, Zeng H B. Chem Mater, 2019, 31(12) :4553~4563.

Wei Y B, Zeng Q, Wang M, Huang ] Z, Guo X R, Wang L. S. Biosens Bioelectron, 2019, 131:156~162.

Wu D, Zhong W B. J Mater Chem A, 2019, 7(10):5819~5830.

Chakraborty P, Guterman T, Adadi N, Yadid M, Brosh T, Adler-A L, Dvir T, Gazit E. ACS Nano, 13(1):163~175.

Preparation and Development of PANI Conductive Hydrogels

SUI Lijun”
(Changchun No. 8 Middle School s Changchun 130022, China)

Abstract : Conductive hydrogels combine the characteristics of hydrogel and the unique electrical properties of conductive

polymer, and have the special three-dimensional network structure. The polyaniline (PAND has been widely used because

of its unique conductive properties, therefore, PANI conductive hydrogel is one of the most widely studied conductive

hydrogels.

The preparation methods and development of PANI conductive hydrogels are reviewed in this paper. Four

preparation methods of PANI conductive hydrogel are described in detail: direct filling, in-situ polymerization, chemical

crosslinking and physical crosslinking. The traditional methods of preparing PANI conductive hydrogels are direct filling

and in situ polymerization, but the obtained PANI conductive hydrogels are composed of insulating hydrogel component and

conducting PANI component, and their electrochemical performance are not high. The application of chemical crosslinking

method improves the electrochemical properties of PANI conductive hydrogels, while physical crosslinking method is

seldom used. Finally, the applications and future directions of conductive hydrogel materials are prospected.

Key words: Hydrogel; Polyaniline; Conductivity; Preparation method
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