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Figure 1 A. SEM images of doped PANI nanotubes formed from the reaction of APS with aniline in the

presence of the amino acids" ; B. SEM images of PANI doped by l-phenylalanine™!!
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Figure 2 The SEM images of PANI microstructures under different concentration of reactants:
(a) nanotubes with circular cross section; (b) hollow microspheres; (¢) nanotube with circular cross section and

(d) nanotubes with rectangular cross section™?’
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Figure 3 Variation of the absorbance at 400 nm (M) and 1000 nm ( » ) with the concentration of AQTM"
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Figure 4 CD spectra of chiral PANI in the presence of (a) 10 (b) 6 and (¢) 0 mg Hb™"
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Figure 5 A Antibacterial activity of novel nanocomposite against Staphylococcus aureus;
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B Antibacterial activity of novel nanocomposite against Escherichia coli
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Figure 6 TEM images of polyaniline trichoides synthesized by p-cyclodextrins™"!
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Figure 8 (a) In witro cytotoxicity (MTT assay) of PDA, PANI and DA-PANI against HeLa cells after incubation for
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Figure 10  Cyclic voltammogram of carbon paste electrode modified with PANI-HCI, PANI-Citric acid,
and PANI-Lemon in 0. 1M HCI™*

2 #iE5RZ

ARSCLL LA Ry SR ) AR AW 03 5 R ), 23R T MR AR A W 03 Al D 1R L SR AR Y g TRT Y
JE . WEFE R WA W) 0 1 A OO SRR I ) — SE R 5T A A TP R AR A AR R S A R I b T
TR B Bt AL SO I ok B PRI TG YL AR IR R, X S U SRR TR L A R A W A R R
SR A B (9 I A5 . E M R R R W 00 il Bl 3R R I O A7 T 22 7 AR D 1Y TR (1) 5
B4 2R s B B CRLAR R AN 2 JE ) \DNA LUK BRI A #R BE 5175 & 2 )T SRR I L (HORE 2 2 L e Ay
BT A R & A T RE L T B — 2B SR IA 5 (2) BRI R AR T — A oy L 2 AW A TR B
AR AL Z2 W) 0 BRI ROR Fe B NI s (30 AR 90 00 1 B9 LR W0 306 1k — M HE IR X 4l
B 1 229 07 B SE PRI BT DA — 25 TR AR TS AR e 42 v A2 90 00 IO A E PR (B OG0 5 (D FELE W)
FH AT 1 A ATF 5 3 B/ AR SRR B SRR B B I 5T v SR W 1 A R A e — A e EE B B 5T T 1D
(5) HHTR T RA WL 2577 1 Y R D, Z R s 2 ms TS SPERERI G R . X L8 75 1 19 A 58 X
Tl % 22 D RE L PR RE A S R SRR SR A BB L 0 R G S R R A R ORI (L

5% ik -

[1] . BHE RS, 2016,19. 73.
[ 2] Zhao X, Lv L, Pan B, Zhang W, Zhang S, Zhang Q. Chem Eng J, 2011, 170(2/3): 381~394.

10. 14028/j. enki. 1003-3726. 2020. 03. 003



% 3 = N ¥ W Eild ¢ 25

[3]
[4]
[5]
L6]
L7]
[8]
[9]
(10]
[11]
[12]
[13]
[14]
[15]

[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]
[28]
[29]
[30]
[31]
[32]
[33]
[34]
[35]
[36]
[37]
[38]
[39]
[40]
[41]
[42]

Jabeen N, Xia Q, Yang M, Xia H. ACS Appl Mater Inter, 2016, 8(9).: 6093~6100.

Sen T, Mishra S, Shimpi N G. RSC Adv, 2016, 6(48): 42196~42222.

Zarrintaj P, Ahmadi Z, Vahabi H, Ducos F, Reza Saeb M, Mozafari M. Mater Today: Proc, 2018, 5(7): 15852~15860.
Kaur G, Adhikari R, Cass P, Bown M, Gunatillake P. RSC Adv, 2015,5(47):37553~37567.

Kane-Maguire . A P, Macdiarmid A G, Norris I D, Wallace G G, Zheng W. Synth Met, 1999, 106(3): 171~176.

Li W, Wang H L. ] Am Chem Soc, 2004, 126(8) . 2278~2279.

Zhang X, Chechik V, Smith D K, Walton P H, Duhme-Klair A, Luo Y. Synth Met, 2009, 159(19/20) . 2135~2140.
Zhang L, Peng H, Zujovic Z D, Kilmartin P A, Travas-Sejdic J. Macromol Chem Phys, 2007, 208(11): 1210~1217.

Li Y, Wang B, Feng W. Synth Met, 2009, 159(15/16): 1597~1602.

Gao C, Ai M, Li X, Xu Z.]J Polym Sci Pol Chem, 2011, 49(10): 2173~2182.

Sangrama K. Sahoo R N S R. Macromolecules, 2004, 37(2004): 4130~4138.

Zou F, Xue L, YuX, Li Y, Zhao Y, Lu L, Huang X, Qu Y. Colloids and Surfaces A: Physicochem Eng Asp, 2013, 429 38~43.
Cruz-Silva R, Romero-Garcia J, Angulo-Sanchez J L, Ledezma-Pérez A, Arias-Marin E, Moggio I, Flores-Loyola E. Eur Polym J,
2005, 41(5): 1129~1135.

Karamyshev A V, Shleev S V, Koroleva O V, Yaropolov A 1, Sakharov I Y. Enzyme Microb Tech, 2003, 33(5): 556~564.
Zhang Y. Fan X, Wang Q, Cavaco-Paulo A. RSC Adv, 2016, 6(54): 49272~49280.

Kausaite A, Ramanaviciene A, Ramanavicius A. Polymer, 2009, 50(8) . 1846~1851.

Guo H C, Chen J B, Xu Y. ACS Macro Lett, 2014,3(4) :295~297.

Chen J, Kong X, Huang L. Chinese ] Chem Phys, 2018, 31(1): 111~116.

Yuan G, Kuramoto N. Macromolecules, 2002, 35(26): 9773~9779.

Yuan G, Kuramoto N. Macromol Chem Phys, 2004, 205(13): 1744~1751.

Shalinia A, Nishanthib R, Palanib P, Jaisankarb V. Mater Today-Proc, 2016,3(6):1633~1642.

LiJ, Fang L, Tait W R, Sun L, Zhao L., Qian L. RSC Adv, 2017, 7(86): 54823~54828.

Shi Z, Zang S, Jiang F, Huang L, Lu D, Ma Y, Yang G. RSC Adv, 2012, 2(3): 1040~1046.

Lee H, Chung T, Kwon H, Kim H, Tze W T Y. Cellulose, 2012, 19(4): 1251~1258.

Mashkour M, Rahimnejad M, Mashkour M. ] Power Sources, 2016, 325.: 322~328.

Alonso E, Faria M, Mohammadkazemi F, Resnik M, Ferreira A, Cordeiro N. Carbohydr Polym, 2018, 183: 254~262.
Lee K, Gopalan A I, Lee S H, Kim M S. Nanotechnology, 2006, 17(2): 375~380.

Li X, Zhao Y, Zhuang T. Wang G, Gu Q. Colloid Surface A, 2007, 295(1/3): 146~151.

Prasannan A, Truong T L B, Hong P, Somanathan N, Shown I, Imae T. Langmuir, 2011, 27(2). 766~773.

GuZ]J, Ye] R, Song W, Shen Q. Mater Lett, 2014, 121: 12~14.

Gu ZJ, Zhang Q C, Shen Q. ] Polym Res, 2015, 22(2).1~4,

Nagarajan R, Tripathy S K, Kumar J, Samuelson I. A, Bruno F F. MRS Proc, 1999, 600:249.

Nagarajan R, Liu W, Kumar J, Tripathy S K, Bruno F F, Samuelson I. A. Macromolecules, 2001, 34(12).: 3921~3927.
Kobayashi N, Uemura S, Kusabuka K, Nakahira T, Takahashi H. J Mater Chem, 2001, 11(7): 1766~1768.

Uemura S, Shimakawa T, Kusabuka K, Nakahira T, Kobayashi N. J Mater Chem, 2000, 11(2): 267~268.

Sergeev V G. Dokl Phys Chem, 2003, 390(1/3): 118~121.

Nickels P, Dittmer W U, Beyer S, Kotthaus J P, Simmel F C. Nanotechnology, 2004, 15(11).: 1524~1529.

de Lima S V, de Oliveira H P, Andrade C A'S, de Melo C P. Colloid Surface A, 2015, 471: 139~147.

Tan J, Xie Z, Zhang Z, Sun Y, Shi W, Ge D. J Mater Chem, 2018, 53(1) . 447~455,

Gautam V, Singh K P, Yadav V L. ACS Sustain Chem Eng, 2017, 6(2): 2256~2268.

10. 14028/j. enki. 1003-3726. 2020. 03. 003



i I i i 2020 4F 3 A

Iy

o« 26

Study on the Synthesis of Conducting Polyaniline by Using Biomolecules

WANG Ying-ying, CHEN Jian-bo"
(College of life science of Shanghai Normal University s Shanghai 200234, China)

Abstract: This paper mainly concentrates on the synthesis of PANI by using several different natural biomolecules such
as proteins (including the enzymes and amino acids), sugars, nucleic acids, dopamine and lemon juice. Firstly, we
introduced the effects of natural biomolecules on the chirality, electrical conductivity and morphology of conducting
polyaniline and the research progress on the synthesis of conducting polyaniline by using natural biomolecules are
summarized. Then, the problem existed in the synthesis of PANI is analyzed and the future prospects in this field are
discussed, which can provide useful references to the preparation of environment friendly conducting PANI with excellent
properties.

Key words: Polyaniline; Natural biomolecule; Electrical conductivity; Research progress
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