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1. Introduction

Since the first discovery of electrical conduction in polymers in 1977

with the report that describes the polyacetylene doped with

halogens,  the conducting polymers have stepped into a new era.1 2

Conducting polymers, such as polyacetylene (PA), polyaniline

(PANI), polypyrrole (PPy), polythiophenes (PTs), and poly(DNTD),

have gained more attentions in the last few decades.  Among various3

conducting polymers, PANI with the advantages of easy synthesis,

low cost of monomers, good chemical stability, simple

protonation/deprotonation process, tunable electrical conductivity

and high pseudocapacitance values has become most often studied

conducting polymers over the past years  with the applications in4-6

the supercapacitors,  electrochromic materials,  hydrogen7-9 10

photoproduction, gas sensors,   and environmental remediation.11 12 13-15

The nitrogen atom in PANI polymer backbone participates in the -π

band formation and electrical conduction.  PANI is composed of16
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amine groups and imine groups repeating units and possesses three 

oxidation states,  which termed as “leucoemeraldine base” (LEB), 17

“emeraldine base” (EB) and “pernigraniline base” (PB) forms, 

accordingly.  Normally, LEB and PB forms are intrinsically 18

insulating, even after doping; only EB form is able to be electrically 

conductive upon doping/protonation process and can be changed to 

the emeraldine salt (ES) form. Since these three states of PANI 

exhibit different colors, in which the LEB form is colorless or light 

yellow, the EB form - blue, the ES form - green (a symbol of 

electrical conduction of PANI), and the PB form - violet or black,  19

This makes PANI to act as the electrochromic matters for the smart 

windows and displays.10,19

Recently, even some comprehensive reviews are focused on the 
20preparation, processing and applications of PANI,  negative 

21 22permittivity of PANI nanocomposites,  PANI based biosensors,  

PANI membrane for separation and purification of gas, liquids, and 
23 24electrolyte solutions,  PANI nanofibers,  and giant magnetoresistance 

16property in PANI and its nanocomposites.  In contrast, this work 

summarizes the recent discoveries about the new application fields 

of PANI nanostructures which are not involved in the previous report 

including environmental remediation, giant magnetoresistance 

(GMR) sensors, coupling agent for epoxy and nanofillers, 

metamaterials, and energy storage in details. 

2 New Functions of Polyaniline

2.1 Environmental Remediation
Owing to the rapid economic and industrial development including 

metal plating facilities, tanneries, mining operations, batteries, paper 
25industries, fertilizer industries, and pesticides, etc.,   heavy metal 

pollution is being a serious environmental problem faced by 
26humans.  Cr(VI) is a commonly identified heavy metal contaminant 

27due to its high toxicity and mobility.  The US Environmental 

Protection Agency (EPA) allows a maximum contaminant level 

Owing to the excellent electrical conductivity and unique chemical structures, conducting polymer polyaniline (PANI) has been widely 

utilized in many application fields. In this review, the state-of-art current research status on the recent developed new functions of PANI in 

the applications including environmental remediation, giant magnetoresistance (GMR) sensors, coupling agents, metamaterials, and energy 

storage devices have been critically reviewed. This knowledge will further broaden the application scope of PANI and provide the basis for 

the researchers to seek the new application of PANI in the future.
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-1(MCL) for total chromium to be 100 g L  in accordance with the 
28national primary drinking water regulations.  

In the last decade, the heavy metal removal through PANI   

systems has attracted much more interests because of their 
29reversibility and high heavy metal removal efficiency.  PANI with 

different morphologies and PANI nanocomposites have been 

synthesized to be used for the heavy metal removal from the waste 
30, 31 32water system.  Wang et al.  used PANI to remove Hg(II) from 

water solution and proposed that the Hg(II) adsorption on PANI was 

due to the complexation between Hg(II) and nitrogen binding sites 

on the polymer backbone of PANI. However, this proposed 
33mechanism wasn’t been verified in this work. Kumar et al.  prepared 

the PANI on the surface of jute fiber with 1,4-phenylenediamine as 

chain terminating reagent, which could effectively remove Cr(VI) 
34from wastewater. Zhang et al.  synthesized PANI nanofibers doped 

with sulfuric acid without adding of seed fibers, oligomers, and other 

templates, which showed a good Cr(VI) removal performance with a 
-1 35 maximum uptake around 95.79 mg g . Olad et al. studied the 

Cr(VI) removal efficiency and kinetics on the PANI film and powder 

at different oxidation states., The PANI film was relatively difficult 

to prepare in a large amount in a short time compared with powder 

form. In addition, PANI film with a smaller specific surface area 

might restrict the penetration of Cr(VI) into the interior of PANI 
36film, leading to a relatively lower ability for Cr(VI).  By contrast, 

PANI powders with a rough surface were a good candidate for 

highly efficient Cr(VI) removal because of their large specific 
37 38surface area, and ease of bulk production. Guo et al. fabricated the  

bulk-quantity 1D PANI nanowire/tubes with the rough surface by a 

simple chemical oxidation method, which could not only rapidly and 

effectively remove Cr(VI) from aqueous solution in one step through 

reducing Cr(VI) to Cr(III) as well as simultaneously adsorbing the 

.reduced Cr(III), but also be easily regenerated for reuse.  Normally, 
 the ES form of PANI could be oxidized to the PB form after treated 

with Cr(VI) and the PB form could be reduced by directly treated 
17with acidic aqueous solution as proved by MacDiarmid et al.  Fig. 1 

illustrates the conversion between ES form of PANI and PB form of 

PANI. This could help PANI be regenerated after treated with Cr(VI) 

and reused. However, it is still a challenge to sustainably recycle the 

PANI powders after Cr(VI) treatment and the interactions between 

PANI and Cr(VI) are still unknown. 

More recently, a new method to recycle the PANI adsorbents by 
39 40introduction of the magnetic nanoparticles is developed.  Gu et al.  

have fabricated the Fe O /PANI nanocomposites by surface initiated 3 4

polymerization (SIP) method, in which the ES form PANI served as 

the coating layer to protect the Fe O  nanoparticles from the acid 3 4

dissolution. The prepared Fe O /PANI nanocomposites showed a 3 4

good Cr(VI) removal performance within the whole pH range and 

the presence of Fe O  core favored the recycle of Fe O /PANI 3 4 3 4

nanocomposites. After recycling, the Fe O /PANI nanocomposites 3 4
-1could be easily regenerated by the 1 mol L  p-toluene sulfonic acid 

(PTSA) solution and reused for Cr(VI) removal. Meanwhile, they 

have combined the Fourier transform infrared spectroscopy (FT-IR), 

X-ray photoelectron spectroscopy (XPS), energy-filtered 

transmission electron microscopy (EFTEM), inductively coupled 

plasma optical emission spectrometry (ICP-OES) and temperature 

dependent resistivity measurements to explore the Cr(VI) removal 

mechanism. The results confirmed that the Cr(VI) removal by the 

synthesized PANI nanocomposites followed one stage Cr(VI) 

reduction by PANI and the reduced Cr(III) adsorbed in the PANI 

nanocomposites. The proposed Cr(VI) removal mechanism is shown 

in Fig. 2. The detailed PANI and PANI nanocomposites for heavy 
29, 41metal removal please refers to the literature.
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Fig. 1  Conversion of PANI between ES form and PB form.

Fig. 2 Proposed mechanism of Cr(VI) removal by magnetic PANI nanocomposites (X  represents doped acid PTSA). Adapted and reduced with 

the permission from Ref. 40. Copyright  2012, Royal Society of Chemistry.
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2.2 Giant Magnetoresistance (GMR) Sensors
Magnetoresistance (MR) is used to describe a resistance change 

under an applied external magnetic field. The schematic for 

measurement of MR is shown in Fig. 3. The positive and negative 

MR respectively mean the increase and decrease in resistance of a 

material upon the external magnetic field. Since the first report of 

giant magnetoresistance (GMR) in a multilayered thin-film structural 

metallic nanocomposites consisting of a couple of ferromagnetic Fe 

layers separated by a nonmagnetic Cr layer in 1988 by Drs. Fert and 
42, 43Grünberg’s group,  much more scientists and engineers start to 

44, 45focus on this topic. Scientists want to explain the knowledge of  

GMR phenomenon and understand the behind physics in order to 
46-52 design and construct the GMR devices with novel structures.

Engineers aim to use GMR based devices in the fields of angular 

position sensing, hard disc drivers, magnetic field sensors, and 
16, 53-57magnetic random access memory (MRAM) in computers.  In the 

past years, organic magnetoresistance (OMAR), as one type of 
58promising electronics, have received more attentions  due to their 

light-weight, low-cost, easy processing, chemical stability and 
59-62biocompatible capability relative to the traditional metal materials.  

Particularly, the OMAR effect in the conducting polymers has been 

intensively investigated because of their easy synthesis, low-cost, 

high conductivity and relatively high GMR signals in comparison 
63, 64with other organic materials.  

In the past decades, the researchers started to study the GMR 

effect in PANI systems. In general, it’s well-known that the electrical 

conductivity of PANI is related to its molecular weight, inter-chain 
65, 66separation, oxidation level,  crystallinity, molecular arrangement, 

67doping degree and type of dopants. The electrical conductivity of  

the doped PANI can be tuned to be 8-11 orders of magnitude (which 
-1 2 -1can reach 10 ~10  S cm ) higher than that of the PANI base (around 

-9 -1 68 6, 64, 6910  S cm ) by choosing the different dopants.  Lately, Gu et al.  

reported the effects of dopants, oxidants and oxidant doses on the 

GMR values of pure PANI. Specifically, they found a room 

temperature GMR value of 53% in the PTSA doped PANI oxidized 
64by ammonium persulfate (APS).  By utilizing the same oxidant, 

they found a GMR value of 65.5% at room temperature in the PANI 
69with phosphoric acid (H PO ) as dopant.  By contrast, around 5% 3 4

MR value at room temperature was attained in the PANI synthesized 
6by hexavalent chromium (Cr(VI)) as the oxidant.  

Fig. 3  Schematic for measurement of MR.

Recently, Guo’s group has made a breakthrough on the 

exploring the room temperature GMR effect in the PANI 
64,  70nanocomposites.  They have used the surface initiated 

polymerization (SIP) method to fabricate the PANI nanocomposites 

with magnetic, insulating and semi-conducting nanofillers, which 

exhibited the different GMR values in these PANI nanocomposites. 

For example, around  GMR value of 95% was acquired in the 30 

64wt% loading of magnetic Fe O /PANI nanocomposites, Fig. 4a.  A 3 4

GMR value about 95.5% was found in the 20 wt% loading of 
69nonmagnetic silica/PANI nanocomposites.  In addition, a GMR 

value of 20% was received in the 20 wt% loading of non-magnetic 

PANI nanocomposites with a BaTiO  (~500 nm) nanoparticles 3

prepared by SIP method, whereas around 35% value of GMR value 

was gained in the 20 wt% loading of BaTiO  (~500 nm)/PANI 3

nanocomposites prepared by just simple physical mixing PANI with 
71BaTiO  powders.  A 22% of GMR value at room temperature in the 3

non-magnetic PANI nanocomposites with a silicon loading of 20.0 
72, 73wt% under magnetic field of 9 T was observed.  In the PANI  

nanocomposites with different carbon nanostructures, the positive 
74GMR (15 ~ 30%) was observed at 290 K.  Owing to the  stacking-

induced efficient electrical transport at the PANI and graphene 

interface, the room temperature GMR value obtained in the 5 wt% 

loading of graphene/PANI nanocomposites was higher than that of 

PANI nanocomposites with the same loading of 1D CNTs and 
70carbon nanofibers (CNFs).

The aforementioned PANI and PANI nanocomposites possess 

the positive GMR value, which implies the resistance of materials is 

increased after applying external magnetic field. More recently, the 

negative GMR behaviors have also been found in the PANI 

nanocomposites. For instance, a negative GMR value around -2% 

was observed in the PANI nanocomposites with a multi-walled 

carbon nanotubes (MWNTs) loading of 5 and 20 wt% with Cr(VI) as 
75 oxidant. A large negative GMR with a value of -35.76% was 

obtained in the 40 wt% loading of cobalt ferrite (CoFe O )/PANI 2 4
76nanocomposites, Fig. 4b.  The large negative GMR value is 

remarkably important, which means the external magnetic field 

could significantly decrease the resistance of PANI nanocomposites 

and increase their electrical conductivity.

All of these reports suggest that the external magnetic field is 

able to tune the resistance of PANI and PANI nanocomposites, 

depending on the preparation method, oxidants, dopants, and type of 

nanofillers, which allows PANI and its nanocomposites to be used in 
77the GMR sensor applications. The details please see reference.  

Fig. 4 GMR of (a) 30 wt% Fe O  loading of PANI nanocomposites at 3 4

room temperature; (b) 40 wt% loading of CoFe O /PANI 2 4

nanocomposites. Adapted and reduced with the permission from 

Ref. 64. Copyright  2012; Ref. 76. Copyright 2018, Elsevier.

2.3 Coupling Agent
Epoxy resins are very conventional and important engineered 

thermosetting polymers because of their high tensile strength, 
 Young’s modulus, good thermal and electrical insulating properties,

and wide applications such as adhesives, electronics (excellent 
78electrical insulators), marine and aerospace.  The mechanical 

properties of epoxy could be improved by the introduction of strong 

fillers and nanofillers through formation of polymer composites and 

nanocomposites, which could further provide epoxy with unique 
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79 80, 81 82properties including optical,  anticorrosive,  magnetic properties,  
83-85electrical and thermal conductivity.  However, owing to the easy 

agglomeration and large surface energy at nanoscale level, in order 

to obtain high performance epoxy nanocomposites, the nanofiller 

dispersion quality and the interfacial interaction between nanofillers 
86and epoxy matrix are two key factors to be solved.   Generally, 

surface treatment is a common way to ameliorate the dispersion 

problem and improve the interfacial interaction through using proper 
87, 88 89 90coupling agents,  surfactant  and polymers.  Due to the presence 

of unique amine and imine groups in the backbone, recently, Gu et 
82, 91-96al.  have applied PANI to serve as the coupling agent to improve 

the nanofiller dispersion and boost the interfacial interaction between 

nanofillers and epoxy matrix. They have used PANI to tune the 

surface functionality of magnetite (Fe O ) nanoparticles through SIP 3 4
82method,  the ultimate tensile strength was increased from 79.3 MPa 

for  5 wt% loading of untreated Fe O /epoxy nanocomposites to 93.1 3 4

MPa for the same loading of PANI functionalized Fe O /epoxy 3 4

nanocomposites, Fig. 5. Meanwhile, the prepared PANI 

functionalized Fe O /epoxy nanocomposites also exhibited a good 3 4

magnetic property. They have also prepared a high performance 

MWNTs reinforced epoxy nanocomposites by surface treatment of 

Fig. 5 (a) Stress-strain curve of pure epoxy and Fe O /epoxy nanocomposites; (b) schematic for curing process of Fe O /epoxy nanocomposites. 3 4 3 4

Adapted and reduced with the permission from Ref. 82. Copyright 2012, American Chemical Society.

PANI on MWNTs with Cr(VI) as oxidant, Fig. 6, in which the 

ultimate tensile strength of 0.7 wt% loading of PANI modified 

MWNTs/epoxy nanocomposites was increased by 85% compared to 
91the pure epoxy.  

In addition, they have introduced the flame retardant properties  95

into epoxy by using PANI as coupling agent.  After adopting the 92

phosphoric acid (H PO ) doped PANI to coat silica nanoparticles, the 3 4

prepared silica/PANI/H PO /epoxy nanocompoistes displayed an 3 4

evident decreased heat release rate (HRR) peak compared with  other 

materials including pure epoxy, as-received silica/epoxy, and 

silica/PANI/H SO /epoxy nanocomposites (Generally, the lower 2 4

HRR peak, the better flame retardant property would be.), Fig. 7A. 

As confirmed in the morphology after combustion under nitrogen 

conditions at 700 C, Fig. 7B, the silica/PANI/H PO /epoxy o

3 4

nanocompoistes depicted a continuous and condensed-phase 

morphology rather than a smooth and porous structure with many 

broken bubbles in pure epoxy and silica/PANI/H SO /epoxy 2 4

nanocomposites, further indicating that the flame retardant property 

of epoxy was also associated with the doped acid of PANI. For the 

detailed information about multifunctional epoxy nanocomposites, 

please mention reference.86

Fig. 6 (a) Stress-strain curve of pure epoxy and MWNTs/epoxy nanocomposites; (b) Schematic for preparation of MWNTs/epoxy 

nanocomposites. Adapted and reduced with the permission from Ref. 91. Copyright 2013, Royal Society of Chemistry.
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Fig. 7 (A) HRR as a function of temperature for pure epoxy, and 

epoxy nanocomposites filled with as-received silica and f-silica 

doped with H PO , H SO ; (B) digital photos of (a) pure epoxy, and 3 4 2 4

silica/epoxy nanocomposites filled with 5 wt% f-silica doped with 

(b) H PO , (c) H SO  after combustion in the nitrogen condition at 3 4 2 4
o700 C. Adapted and reduced with the permission from Ref. 92. 

Copyright 2013, American Chemical Society.

2.4 Metamaterials
In the last decades, the metamaterials (materials with both negative 

permittivity and permeability at a given frequency of radiation) have 

gained more attentions due to their unique negative refractive index 

for the applications of cloaking, subwavelength imaging and 
97invisibility fields.  Recently, as a non-magnetic material, in which 

98the permeability is 1,  the PANI and its nanocomposites have been 

reported to depict unique negative permittivity, which make PANI 

and its nanocomposites to be able to serve as metamaterials and 
99, 100metacomposites.  This negative permittivity behavior is mainly 

contributed to the formation of a continuous conductive network in 

the PANI polymer chain, i.e. electrical conductivity of PANI. 

Normally, the electrical conductivity of PANI could be tuned by the 

molecular weight, molecular arrangement, oxidation level, 

crystallinity, doped acid and doping level, which means that all of 

these parameters might bring the effect on the permittivity of PANI. 

For example, Gu et al. found that the PTSA doped PANI showed a 
64negative permittivity,  whereas H PO  doped PANI exhibited a 3 4

69positive permittivity.
65,75,100Interestingly, Guo et al.  have reported a component rather 

than structure controlled negative permittivity, in which the 

permittivity of PANI nanocomposites could be tailored by altering 
75the loading and morphologies of nanofillers. As shown in Fig. 8a,  

in the MWNTs/PANI nanocomposites, the real permittivity ( ') for ε

all of the MWNTs/PANI nanocomposites was negative within the 

measured frequency range and differs from each other with different 

loadings of MWNTs. They believed that this phenomenon might be 

from the fact that the presence of MWNTs was possibly change the 

charge carrier transport within PANI matrix and further influence the 

charge delocalization since the permittivity was related to the charge 
70transport and electrical conductivity. In another work,  they 

discovered that different morphologies of carbon nanostructures 

could bring the different effects on the negative permittivity arising 

from the charge delocalization at the interface between carbon 

nanostructures and PANI matrix. Especially, because of the good 

interfacial interaction between CNFs or CNTs and PANI matrix, the 

switching frequency, at which the permittivity was changed from 

negative to positive, for CNFs or CNTs/PANI nanocomposites was 

higher than that of graphene/PANI nanocomposites.

Generally, as an important parameter of medium, plasma 

frequency ( ) is a unique frequency, where the frequency is pω

switched from negative to positive. This implys that when the 

angular frequnecy ( ) of the incident light is lower than ,  medium pω ω

behaves as a metamaterial; as the  is higher than , the material is pω ω

an ordinary dielectric medium. Therefore, the determination of  is pω
101vital to a material. Gu and Guo et al.  have also tried to used Drude 

model modified by Debye relaxation time to determine the  of  -p�ω β

silicon carbide (SiC)/PANI nanocomposites. They applied PolyMath 

software to fit the equation gained from Drude model modified by 

Debye relaxation time and the obtained results for 10.0 wt% -β

SiC/PANI nanocomposites have been illustrated in Fig. 8b. With a 

high fitting coefficient of 0.9969, they calculated the  for 10.0 wt% pω

β 5 -1-SiC/PANI nanocomposites was 1.53  10  rad s . Meanwhile, this 

ω β also had a nanoparticle loading dependent property and the -p

SiC/PANI nanocomposites with different -SiC nanoparticle β

loadings possessed the different . The detailed fundamentals about pω
21 negative permittivity please look though the reference.

Fig. 8 (a) Real permittivity ( ') as a function of frequency for ε

MWNTs/PANI nanocomposites; (b) experimentally measured and 

calculated ' as a function of angular frequency for 10.0 wt% -ε β

SiC/PANI nanocomposites. Adapted and reduced with the 

permission from Ref. 75. Copyright 2014;  Ref. 101. Copyright  

2016, Royal Society of Chemistry.

2.5 Energy Storage Devices
Owing to the high faradaic activity, fast and reversible redox reaction, 

low cost, and good electrical conductivity, PANI is well-known used as 
102faradaic supercapacitors or pesudocapacitors for energy storage.  In 

order to improve its energy storage performance, various nanofillers 
103 104 105 106 107such as  graphene,  CNTs, Fe O ,  Fe O ,   and MoS have been 3 4 2 3 2  

utilized to synthesize the PANI nanocomposites. Recently, Wang et 
108al.  prepared a flexible conductive porous electrode  (indexed as 

PANI-ZIF-67-CC) by fabrication of cobalt-based MOF crystals (ZIF-

67) onto carbon cloth (CC) and further electrically deposited PANI 

with the purpose of solving the insulating problems of MOFs, which 
-2displayed an extraordinary areal capacitance of 2146 mF cm  at 

-1 109scanning rate of 10 mV s . Heeger et al.  combined the porous 

electrochemically-active PANI and the electrolyte-an benzoquinone-

hydroquinone (BQHQ) redox couple to create a tunable redox shuttle 

which controlled the electron transfer processes at the PANI modified-

electrodes, which provided the electrodes a high pseudocapacitance 

and cycling stability (> 50,000). 

As aforementioned in the introduction, normally, PANI has three 

different states designated as LEB (completely reduced state), EB 
110(half-oxidized state), and PB (fully oxidized state) forms. Owing to  

the different colors of these three states, PANI can be exploited in the  
111electrochromic devices such as smart windows and displays.  Wei et 

10, 112al.  have linked this electrochromic behavior with electrochemical 

energy storage and made a comprehensive study on this regard in the 
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tungsten oxide (WO )/PANI nanocomposites and graphite/PANI 3

nanocomposites. Taking WO /PANI nanocomposites as an example, 3

Fig. 9a, the WO /PANI nanocomposite film illustrated a multiple colors 3

with the CV scanning from -1.0 to 0.8 V. The nanocomposite film was 

blue at potential of 0.8 V to green at 0.5 V during the positive 

sweeping, and then turned to the light yellow at -0.2 V, light blue at -

0.5 V, and blue at -1.0 V in the negative sweeping. The corresponding 
+protonation/deprotonation of H  in the WO /PANI nanocomposite film 3

for this color switching during the CV scanning is shown in inset of 

Fig. 9b. Meanwhile, the WO /PANI nanocomposite film exhibited 3

areal capacitance at a broad working potential window with a much 

more enhanced durability during the charge-discharge cycles (Fig. 9b) 

comparable to that of the PANI film due to the chemical interaction 

between PANI matrix and WO  nanoparticles. 3

More recently, Guo’s group has made a great progress on a magnetic 
113,114field induced capacitance enhancement (called magnetocapacitance).  

They have only employed a low magnetic field of 0.072 T on the 
115capacitors, the energy densities were dramatically increased. They have  

6,66also tried this strategy on the PANI and PANI nanocomposites.  As 

shown in CV curves and charge-discharge process at a current density of 
-1 -11 A g  with/without magnetic field at 5 mV s , Fig. 10, they found that 

the capacitance was obviously declined after applying external magnetic 

Fig. 9  3 2 4 3 (a) Color switching illustration of PANI/WO  composite film in 0.5 M H SO  at different potentials; (b) PANI/WO  composite film in 0.5 

M H SO  aqueous solution with the potential step of 0.8 and -0.2 V holding for 10 s. Adapted and reduced with the permission from Ref. 112.  2 4

Copyright 2012, American Chemical Society.

field, meaning that the magnetic field was not favorable for the 

electrochemical performance. They believed that this phenomenon might 

be arose from a positive GMR (increased resistance with response to the 

external magnetic field) in the silica/PANI nanocomposites under the 

external magnetic field and the increased transport path length of the 

charge carrier because of Lorentz force under an external magnetic field. 

-1 -1Fig. 10 (a) CV curve at a scan rate of 5 mV s , (b) the charge-discharge plot at a current density of 1 A g  for silica/PANI nanocomposites. 

Adapted and reduced with the permission from Ref. 66. Copyright 2013, American Chemical Society.

3 Conclusions 
In this paper, the state-of-art current research status on the recent 

developed new functions of conducting polymer PANI in the 

applications such as environmental remediation, GMR sensors, 

coupling agent for epoxy and nanofillers, metamaterials, and energy 

storage have been critically reviewed. This knowledge is aiming to 

give a fundamental for further broadening the application scope of 

PANI and provide a basis for researchers to seek the new application 

of PANI in the future by optimizing the excellent and tunable 

electrical conductivity as well as unique chemical structures of PANI 

and its nanocomposites.
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