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Electroactivity of Polyaniline in High pH Solutions

Song, Ye* Lv, Huiling Hu, Songwei Yang, Chunyan Zhu, Xufei

(Key Laboratory of Soft Chemistry and Functional Materials of Education Ministry, Nanjing University of Science and
Technology, Nanjing 210094)

Abstract Generally, the redox activity of polyaniline (PANI) can only be retained in acidic media at pH<<4, because the
occurrence of deprotonation of the nitrogen atoms in the PANI backbone at high pH values may result in the loss of conduc-
tivity and electroactivity in neutral or alkaline solutions. This high acidity requirement greatly limits its potential applications
like biosensor, marine antifouling and anticorrosion, where neutral or alkaline environments must be faced. Much effort has
been exerted in the development of approaches to overcome this issue. In summary, two principal strategies have been pro-
posed to shift the electroactivity of PANI to a high pH environment. One is based on a mechanism of protonic acid doping,
the other is based on a charge transfer process. The former is to introduce acidic groups into the PANI chains or PANI sys-
tems to hinder the deprotonation of its conducting form and thus to preserve its electroactivity at higher pH values. The main
approaches to introduction of acidic groups include the sulfonation of the emeraldine base of PANI, the homopolymerization
of aniline derivatives with acidic ionogenic groups or the copolymerization of aniline and aniline derivatives, and the forma-
tion of PANI complexes by doping with macromolecular acids. The latter is to use a hybrid film fabricated by incorporating
conductive nanomaterials into a PANI matrix, which can improve the charge transfer rate across the PANI matrix and facili-
tate its redox processes. The development of PANI nanocomposites prepared by doping with carbon nanotubes, graphenes
and Au nanoparticles, efc., falls into this category. This review article provides an overview of various approaches to preserve
the electroactivity of PANI in high pH solutions on the basis of the two main strategies. Special emphasis is placed on the
synthetic methods and electrochemical features for the self-doped, polymer acid-doped and CNT-doped PANIs, including
their underlying mechanisms for achieving good electroactivity. The main challenges and future research directions in this
field are also discussed.
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Scheme 1  Chemical structure for the SPANI?
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7E SPAN HIJE 2EaEFEr, AT A DG HAE Hh 1 R
BRI 1 FEAL 25 1 ) . Yamamoto 2505 i R
A 2,3- R FIRNE EIRIE, e T RIS T 52
S S 1T 7 A A BELARONE, 7 R I 4 A SR ok 1 1
AT, 2R A A 2,3- SRR IL 55 R Y.
XFPFERYTL SPAN 76 pH=6.2 (¥ H, 17545 WXt
FRE AR . JCAE BRI R4 T 1) AL 253
P, B R b L s BRI T T
AT 5 TR 5 R IR i 257 5R ] Wb 2 i S e A
FEITO T HLB IS R A A R PANT I, SRk I 12
mol/L B IRIEWAE 4 C F RN 20 min, 525K 1
SERRALLIR) SPAN JE. JEAT T DL B db 20T 5T 2 W,
IO AE TP R 0.3 mol/L i BRAR VIR AT e bt b
I ARk, HHEE R A AT pH 5 RE L
PANI K. 534k, CV MAAZRH, S AR KE bt A
A R AL A .

55K 2 HOR T IR FaLA 22 SR G A0 K W 1A T AN T,
Sahin 2SI RURIR K LI rh, WAL 4 T R

Acta Chim. Sinica 2013, 71, 999—1006



W F F R

S 82400 SPAN. HoHp, Gl IR B A2 R i IR i 10 771,
ST WA TR S R U T, TR s 2 L U
SRR IR, nT DAR 7 Hb 4% ] PANT [RfEALE .
SEH R, X Rl SPAN JEAE TR VE ZJFWH(0.1 mol/L 1)
SR AT 0.1 mol/L [\ntkhe ), HA7ARH Fa e i i fb 2%
W AEREE £ S VA (0.1 mol/L 1) FUAE R A1 0.15 mol/L
e, [RRE R — @ i H A A PR A BT
dE ZERT, 38 PANT M2 7E 485 JLAS CV TR
Jr e AR 2 AR ARG

22 FREFRITEVMMABINEBR

PANI H 5 2% F 10 J5 72 R 5 2R e i A
VIt 3L 92 B. Karyakin 253F) F A2 52K I R(AA)
(] -2 32K R (ABA) M) -2 FE KT TR (ABS) 55 2K & A7
W SR, T R R A T SPAN. i
TIRIL, T IRFEMAR KR, A7 HUAR [ 2K f% (ABA) AL
B ELARA AR R I AA) LR YIAE = pH 41E T,
FEUF (AR . T S AR R PR M, T SRR T
AR R AR Jig v LA 1) Ll R R AR 117 24 Jie B o LA 2 A
(f) SPAN. Brett 250" J5 45006 ot 45 3 AL 45 L.
CV MIRFE W, ABS 5 KL 3L R Y ) -1 Js AL 27
WEERT LAY A pH=10. XLtk PANT HA Hifb250%
PEM pH (B LR 5 5. BB IL LU IR IL 1 M PE T 59,
WA YRR R B AR L N R LR R TR
WFFIRIEAT AN S . (E TR SEAT AR A 2 1)
JERYy, b IS R T LY R . Ak, SPAN
(R R ARE 4 2F 1 B H AR 27 0 PE A RE 7 st FH 2R
N RS pH A AR R AR RE.

Barbero ZUHE BT SCRF HMRIBLIO LR, I A6B-
FIEFMER(ASA) G T SPAN. flifi17E ASA /KR
(0.05 mol/L)H, A& IZ[Z(0.001 mol/L), £
b S FE AR A S T H Ak R ALl %% SPAN
FE. AR AT DAEE ASA (R EEAR 100 175 DAL, i
IXFRIT VL4 ) SPAN HAT IR S L g, i HLtire
0.1 mol/L LiClO4 Z it B Ay vk 23 k.

TEJG SRR, VR 20508 R R i RS 2R R
LRSI PANL [ 14545, JEXFIX AL ik
SVEREREAT T ARG, BRI RS R R T ki
FEFN ASA F1 ABS 4, A7 RNE-2,5- MRSt
TR0 A BT AL 2R R Ak 2R . i,
Zhang ZEPYE I FLAL 2 AT A T 2RI S ASA IS
B, XPh E BRI 2R 5 m A
A RUF A2 v, ol T Huss i i i 4 10 54k
Sanchis % UR LA AR BIEE T — R IR H
L2 43 51 5 ASA FIT ABS LS Y. X sedt gyl
W, SO AR T IR AL, BEILER
Y 2R oy 3G N /b. X Rl SPAN JLEEMI(E pH
=7.2 BIEE A EA Rk sz N, e R T A
SR AP PR AR F A AT L. Lukachova Z5BSSE AL 414k

Acta Chim. Sinica 2013, 71, 999—1006

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

Sk A T RN (CSA)B 2R 1) PANT DA b e 55
ABS [FHLRY). A1 S FREL A PR CSA 4B
PANI, 1] LUK PANT [F) HLAL A3 P4 8 48w vk R Pk
WH, A OB AAEHN ISR AR — Dy R
Hfb i, FURZEH PR KN R OV g LR
Wi H A s PESE 4. A AT CSA #3741 PANI £E
HPPE R R B H b, RN CSA
BUR, fEKH bR 22, S ECLAE p Pk slohs o v
P BERFAAE PANT i I, iR EEI Ak 2a3m v, (H
CSA SEPr PR T /KA NUR, Pt Pk iR A g
A NAEM. 5 b, AT SEIR 45 R W, CSA B2
PANI B4E pH=7 [F¥Frh, H IR RRERE CV H
R 20 B CERBNEE 2 BN 60%. FHILZ T,
SPAN JLRYIEAMFITE O T N F 2L 90%. nl i,
CSA $4% PANI [IXFh b2 M AR e,
SPAN JLZWA e pH i HA TR nTHEM b 2
TP AR IR AATTAE AR A S S 1 N I R BRI
ALY RN 2 —B3),

BREIEIREIR AN, AATEWIGY T A 5 — Le oK iy
AR A RPN, BB YRR R  pH &
PEF IR SIE M. TR, NGINT e e m
k. Ferreira SR R R G- IEA IR HBLIH 5
FAE IR PEV R P AT riAb 2R 3L, R B SR AE 55
DR AT rAL 2 . AT, IR R T
% ¥/ ¥ H H—CO—NH—NH—CO— ¥ £7 £ 4 Hi AR
AL AR PRI OCRE. AR T B R 3 R IR
YIERRIE S R I A~ R o

H
N—N
o) Y—oc*
NH@NH NH@NH%
0 )—oc*
N—N
H \
H -2e",-2H*
&
0 0-.
“H
/ +o
N NH r\g_( NH
(o] /) o)
NN +4e" +2H*,
+
H J - ot +2C
N 2¢",-2H
o) “—0H

O30

B3 RIS ROEIR Y AL R =
Scheme 3 Schematic illustration for redox process of P(Lum-Ani)
films!*!!

http://sioc-journal.cn 1001



W F F R

Liu 25 0R 2 0 R R ) 4,4'- G
T, SR A 236 () 05 5 SF AR TOAR s ol 46 T 5 s P S 11
AR, JF5 02K T RGE R A A S N R A 1S B
MLRY), PARFALRYIM A GRS E R 4. AT
IR AL, MDA ILAE pH A 1 B 12 (1)
1 mol/L KCl W hHH T CV MR, 45 B & W, Afb—ik
JEIG FL A BE S AR 4R 2 pH=12, pH=12 I} [ e s M o
WNE] pH=1 B[ 1/5. JLEEMAERRPEA I X AL K
(RGP, A A 2 T L SR R I (41 17 5 |
NPT T PANT S LA 1) 25 514 1t 3 J ).
23 BHTFRBEH

— UGS FIRIEA R e B A T, Mg g
WS N NIRRT PANI [(14524%, A 2R 2
T5 PANI Z Al A HAEH Eo/N o 1R BH B 7 1) o i,
BRI K2 TR (Eh) 5 PANT 5S4 RF 50 AR Bt 5|
AT SVE. Asturias 26PUR 5 & b R B 24 10
PANI AL 47, EINANZRE LG ETR B (PV S) % i
T, ## T PANI/PVS & &4, Hsouaf R,
PANI ' PVS EH & PG I NS EE AW S k5
JEE pH=9. flfiliAA, X2 HTREA RS KR
TN, A3 A S B AR#IR] Donnan FEALIE N,
SR T A PANI ERM pK, fH TS 1. Kuramoto
SR B, 7E PVS FEAE T 2R AR IS UL T,
TR I AL 22 T A ORI ke, (HETA3 301 PANI
JEE (R AR 2 E PR SR PVS AR HE IR TE AR X 5. X
BIT5 Asturias SF R E. MEHBFTH, Bart-
lett 25IUR T HAL A VEAE 5 R IR LG EIR (PSS, 7 T
HZN 70000) K AR RL IR W, #1147 PANI/PSS &
AL Al AT I AR A R KR PSS S ok

4% PSS BB Tk PANI AR f &, 4551 R, X+
IR FE PSS A KA IS 2 PANI JIE, 7erp v
WAT BT () AL 2 . Bl AR KW P PSS K (1)
0, PANI &4 M1 Ak 243G M — e 408 R R Bk
Rz g R ) MBI, B G TR (d. {E PSS
FIRELAE T, LA PANT R A5 2B 51 L
T-% ok PSS ZEFH B 1. ILi, PANI/PSS & A IEAE v
2 GG (pH=8) ¥ 1, fRFF A itk gk, JF BAE
Ak CV R AR e k. Foh, B R
pH {EM T s, A0 SRy & ) 57 Fo A . 55
S5, Bartlett 5564 T AR B 571524 1) PANI,
HAR VT T 31X M BHE A W) A% 38 T T 1) 98 6 Y. F e
HW TR L, fhATEXT PANI/PVS B4
WFFCHIESE, bt Haid 3 B Cv i,
I8 R R i 2 R %, X 5 Kuramoto 554518 —
. Zhang ZESF ) £ FLAAAL R BN ) 4 T S gl kb
FEa, SRFE{E R B R & — )= PANI/PSS E4&
JBE. X R AT GOKSE R 52 G A b Mg s A
YE W] T IR S AR -3 TR Ak A PR R 6 Ok SR A
(NADH)S AL F HL AL PERE. BTN, X325 T4k
B A A2 A I R SR TR R TR 2, 73 B P LT
DL I8 J2 5 4l oK Al 2 ) () W 1 2 L e s e it
FPUSJk— g LU, H e R e e R TR U M . PANT
AL 253 1 LA 22 DG FE L AR .

BT L4 S PSS A PVS BRERE(Eh)A, AT
F 2R (2-IN I B -2- FH 6 -1- TN T PR ) (PAMPS A) VE 4 45 4%
7, LAggra PANI [ HL 328 DL o PR 1 g 2%
WEME. HEdRIE, PANI/PAMPSA 5 A EAE pH {H ik 9 i
DA M ORI B Al S 10,

B 4
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PAA concentration in Characteristics of the films

polymerization solution/ 5 .
PAA content/wt%  Conductivity/(10 ~ Secm ')

(mgeml. )
0 0 8.6
0.5 29 6.0
2.5 94 2.9
5.0 13.5 4.0
25.0 18.2 5.6
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